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FOREWORD 
 
 
The ratification of the Senate Bill on the Persistent Organic Pollutants underpins 
the commitment of the Philippines to the Stockholm Convention and to the 
protection of human health and the environment.  In accordance with the country‟s 
obligations to the Stockholm Convention, a national inventory of polychlorinated 
dibenzo-p-dioxins and dibenzofurans (PCDD/PCDF) was thereby conducted. 
 
The aim of the Inventory was to identify and quantify sources of PCDD/PCDF in 
the Philippines.  Results of the Inventory will then be used to develop 
corresponding action plans to address and reduce these releases. 
 
The Inventory results indicate that PCDD/PCDF releases are not just from one 
sector but cut across all spheres of our economy.  Consequently, impact to public 
health and the environment are quite significant.  The challenge of mitigating these 
releases is daunting.  However, with the strong collaboration from partner agencies 
and the rest of the stakeholders; we believe that we can “overcome the challenges”.  
We have directed our Environmental Management Bureau to undertake concrete 
actions to reduce, if not eliminate, these releases. 
 
The ultimate message of the National PCDD/PCDF Inventory in the Philippines is 
that the protection of the environment and public health is a shared responsibility 
of all Filipinos and that everyone must be proactive in addressing the threats of 
these harmful substances. 
 
 
 
 
 
RAMON J.P. PAJE 
Secretary 
Department of Environment and Natural Resources 
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1,4-D  1,4-Dichlorobenzene 
2,4-D  2,4-Dichlorophenoxyacetic Acid 
2,4,5-T 2,4,5-Trichlorophenoxy acetic Acid 
a  annum 
AAPMI Association of Abaca Pulp Manufacturers, Inc. 
APCS  Air Pollution Control System 
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BAT  Best Available Techniques 
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GEF  Global Environment Facility 
GHG  Greenhouse Gas 
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HCl  Hydrogen Chloride 
HECS  Household Energy Consumption Survey 
HFO  Heavy Fuel Oil 
HWMS Hazardous Waste Management Section 
ICE  Internal Combustion Engine 
IEM  Ion-Exchange Membrane 
IPOPs  Integrated POPs Management 
IRR  Implementing Rules and Regulations 
ITDI  Industrial Technology Development Institute 
kcal  kilocalorie 
kg  kilogram 
kTOE  kiloton of oil equivalent 
LGU  Local Government Unit 
LPG  Liquefied Petroleum Gas 
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EXECUTIVE SUMMARY 

 
Polychlorinated dibenzo-p-dioxins (PCDD) and Polychlorinated dibenzofurans 
(PCDF) are two Persistent Organic Pollutants being addressed by the Stockholm 
Convention (SC), which is a globally binding treaty that requires Parties to 
minimize, or where feasible, eliminate the releases of PCDD/PCDF.  This 
requirement necessitates the identification and quantification of PCDD/PCDF 
sources.  To date, two national inventories have been conducted to identify and 
quantify the sources of PCDD/PCDF in the Philippines. 
 
The first and second inventories were conducted in 2003 and 2006, respectively by 
the Industrial Technology Development Institute of the Department of Science and 
Technology using available information on potential sources in the country and 
default release factors provided in the United Nations Environment Programme 
(UNEP) Toolkit.  The Third Inventory, “Conduct of the PCDD/PCDF Inventory in the 
Philippines”, serves as an update to the previous two inventories and aims to 
produce a national inventory that will be acceptable to the SC Secretariat. 
 
This Inventory used the December 2012 version of the UNEP Toolkit and is based 
on the 2010 activity data of various PCDD/PCDF sources.  The general 
methodology implemented essentially involved the following: 
 

 Identification of UNEP Toolkit requirements 

 Gathering of activity data through the development and implementation of 
data collection roadmaps for each source category 

 Selection of appropriate classes and release factors based on UNEP Toolkit 
Classification of Sources 

 Estimation of PCDD/PCDF release rates through the UNEP Toolkit MS Excel 
spreadsheet 

 Analysis of uncertainty for each source category 

 Conduct of Quality Assurance (QA) and Quality Control (QC) procedures to 
achieve quality criteria 

 
The data gathering activities of the Inventory consisted of secondary and/or 
primary data gathering.  Secondary data gathering was initially conducted for all 
categories.  Primary data gathering was consequently conducted only if data 
requirements were unavailable or could not be completely provided by the 
secondary data sources. 

 
Gathered activity rates were then analyzed and processed to coincide with the 
proper units required by the UNEP Toolkit.  Processed activity rates were then 
entered into the MS Excel file of the UNEP Toolkit.  The product of the processed 
activity rate and the selected release factor resulted in the annual PCDD/PCDF 
releases for that source category. 
 
With regards to the certainty of the information acquired during the data gathering 
process, this Inventory utilized a dual approach which made use of both qualitative 
assessment and rigorous quantitative (statistical) analysis.  The qualitative 
assessment was based on the criteria specified in Table ES-1 wherein a qualitative 
indication of the certainty of each estimate was provided using three ranking levels: 
high, medium, and low. 
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Table ES-1. Certainty Ranking Matrix 

Certainty 
Ranking 

Activity Statistics Class Assignment 

High Assigned if the statistics were 
based on specific industry data, 
and/or were derived from more 
than 80% of the survey data. 

Assigned if information on 
the process and air pollution 
control system (APCS) were 
available for more than 80% 
of the sources. 

Medium* Assigned if the statistics were 
modified to account for 
confounding factors and/or were 
derived within a range of 21-80% 
of the survey data. 

Assigned if information on 
the process and APCS were 
available within a range of 
21-80% of the sources. 

Low Assigned if the statistics were 
based on subjective assessment 
or modeled data and/or were 
derived from less than 21% of the 
survey data. 

Assigned if information on 
the process and APCS were 
available for less than 21% 
of the sources. 

Note: * - If the population is less than 5, at least two samples are needed for a Medium Certainty 
Ranking. 

 
In all of these data collection and analysis steps, quality controls as planned were 
strictly implemented.  Data verifications were performed, which often times 
triggered the need for more key informant interviews, emails/phone calls to survey 
respondents, and even the need to expand the data collection coverage.  The 
QA/QC Checklists serve as records of QA/QC implementation. 
 
The results of this Inventory showed that 13 of the 55 source categories do not 
exist in 2010 and these are the following: 
 

 Municipal solid waste 
incineration 

 Medical waste incineration 

 Light fraction shredder waste 
incineration 

 Sewage sludge incineration 

 Waste wood and waste biomass 
incineration 

 Magnesium production 

 Shredders 

 Thermal wire reclamation and e-
waste recycling 

 Oil shale processing 

 Other chlorinated and non-
chlorinated chemicals 

 Leather refining 

 Zinc production  Waste oil treatment (non-thermal) 
  

The estimated releases of the 42 categories found to exist in 2010 are almost 780 
grams toxic equivalents per annum (g TEQ/a) of PCDD/PCDF.  Open Burning 
(Group 6) is still the major concern of PCDD/PCDF releases as combustion 
processes are not in defined or optimized conditions.  Similarly, Disposal/Landfill 
(Group 9) was determined as the number two contributor in both this and the 
second inventory.  Note that these processes involve the disposal of PCDD/PCDF‐ 
contaminated wastes, many of which are residues of processes that have been 
addressed in other source groups. 
 
Other groups of concern are the Ferrous and Non-Ferrous Metal Production (Group 
2), Power Generation and Heating (Group 3), and Production and Use of Chemicals 
and Consumer Goods (Group 7); which collectively contributed over 9 percent of 
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the total releases.  However, these releases are considered relatively small 
compared to Groups 6 and 9, as most of the establishments under Groups 2, 3, 
and 7 have APCS to control PCDD/PCDF releases. 
 
Table ES-2 summarizes the results of the Inventory together with the breakdown of 
releases per Group and per vector. 
 

Table ES-2. Results of the Third National PCDD/PCDF Inventory in the 
Philippines 

Group 

No. 
Source Groups 

Annual Releases (g TEQ/a) 

Air Water Land Product Residue Total 

1 Waste Incineration 0.009 0.000 0.000 0.000 0.315 0.324 

2 Ferrous and Non-Ferrous 

Metal Production 

17.696 0.088 0.000 0.000 13.514 31.298 

3 Power Generation and 

Heating 

14.912 0.000 0.000 0.000 9.598 24.510 

4 Mineral Products 9.657 0.000 0.000 0.000 0.033 9.690 

5 Transportation 3.241 0.000 0.000 0.000 0.000 3.241 

6 Open Burning Processes 373.817 0.000 64.724 0.000 0.000 438.541 

7 Production and Use of 

Chemicals and Consumer 

Goods 

12.512 0.054 0.000 3.305 0.044 15.915 

8 Miscellaneous 0.152 0.000 0.000 0.268 0.533 0.953 

9 Disposal/Landfill 0.000 1.982 0.000 10.206 242.869 255.057 

10 Contaminated Sites and 

Hotspots 

   0.000  0.000 

Total 431.996 2.124 64.724 13.779 266.906 779.529 

Note: Details may not add up to total due to rounding off. 

 
 
In terms of releases per vector, the results showed significant releases to air and 
residue, contributing approximately 55 and 34 percent respectively.  This is 
consistent with the releases per source group as the majority of releases from Open 
Burning and Disposal/Landfill Processes are to air and residue respectively.  
Releases to land followed these two vector releases with over eight percent of the 
total releases, all of which came from the Open Burning Process.  Note that 
processes involved from open burning generate combustion ashes that are released 
to land (rather than released to residue), since the ashes are usually disposed on 
land and are typically not collected for further disposal.  On the other hand, 
releases to product and water were almost negligible compared to the other vectors.  
Figure ES-1 graphically presents the breakdown of PCDD/PCDF releases per 
vector. 
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Figure ES-1. Composition of Overall PCDD/PCDF Release in the Philippines 

per Release Route 

 
 
As mentioned earlier, air emissions comprised over 55 percent of the total releases.  
The bulk of these were attributed to the two categories under Group 6 (biomass 
burning and waste burning and accidental fires), which accounted for almost 87 
percent of the total air emissions as illustrated in Figure ES-2. 
 
Note that source categories with low and high estimates (bars in the succeeding 
figures) indicate that surveys were conducted for these categories but did not 
achieve 100 percent turnaround.  A higher range of estimates indicate lower 
certainty levels since a minor proportion of the necessary data was acquired; thus 
leading to low level of confidence. 
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Figure ES-2. PCDD/PCDF Releases to Air 

 
 
Further analysis revealed that fire incidents related to improper solid waste 
management (fire incidents in disposal sites and open burning of domestic waste) 
and the practice of burning rice straw in the field after harvest were the biggest 
issues related to PCDD/PCDF air emissions. 
 
On the other hand, the majority (Figure ES-3) of the releases to residues were 
attributed to Category 9a: Landfills, Waste Dumps, Landfill Mining and Excavation, 
as this category contributed almost 91 percent of the overall residue releases.  The 
high releases were primarily due to the prevalence of waste dumps in the country 
that have a relatively higher residue release factor compared to sanitary landfills. 
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Figure ES-3. PCDD/PCDF Releases to Residues 

 
 
For releases to land (Figure ES-4), this was wholly attributed to open burning 
processes.  On the other hand, releases to product predominantly (74 percent) 
came from composting, another solid waste management practice.  Moreover, 
similar to air and residue releases, it was observed (Figure ES-5) that Bricks 
Production had the widest range of PCDD/PCDF release estimates, highlighting the 
need for improvement in the collection of activity rates for this category.  However, 
releases from this category are relatively low. 
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Figure ES-4. PCDD/PCDF Releases to Land 

 
 

Figure ES-5. PCDD/PCDF Releases to Product 
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In terms of releases to water (Figure ES-6), open water dumping and 
sewage/sewage treatment accounted for 93 percent of the total PCDD/PCDF 
releases to water.  However, overall release to water is negligible as compared to 
other vectors. 
 

Figure ES-6. PCDD/PCDF Releases to Water 

 
 
Based on the analysis of PCDD/PCDF releases per vector, it is observed that 
recurring major contributors across the four vectors (excluding land) are related to 
open burning processes and solid waste management practices. 
 
In terms of certainty in activity rate statistics, 18 of the 42 categories included in 
this Inventory were assigned a high certainty ranking, 14 were assigned as 
medium, while 10 were assigned as low. 
 
As for certainty in assigning classes, 27 of the 42 categories included in this 
Inventory were given with high certainty ranking and 14 were assigned as medium.  
Only one category was given with low certainty in class assignment and this is 
open water dumping (Category 9c) since its classification was only based on NSO 
data for urban, partially urban, and rural populations; which were assumed to 
correspond to Class 1, Class 2, and Class 3 respectively. 
 
The results of this Inventory were compared with the results of inventories of seven 
Southeast Asian countries in terms of releases per capita.  Figure ES-7 shows that 
the Philippines estimate of 8.44 g TEQ/million people has the lowest overall 
PCDD/PCDF releases among these Southeast Asian countries who have conducted 
their national PCDD/PCDF inventories. 
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Figure ES-7. PCDD/PCDF Releases in Southeast Asia 

 
 
On a global context, the Philippines is likewise within the lowest values of 
PCDD/PCDF releases.  This is observed in Fiedler et al.‟s comparison of inventories 
(Figure ES-8), wherein the per capita release estimate of the Philippines is within 
the range of 0 to 13 g TEQ/million people, similar with most Southeast Asian 
countries as well as China and India. 
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Figure ES-9. Total Annual Releases per Country (g TEQ/million people) 

 
*Figure adopted from PCDD/PCDF Inventories 1990 vs. 2012 by Fiedler et al. 

 
With regards to vector distribution in the overall release, the results of this 
Inventory were fairly consistent with Fiedler et al.‟s distributions based on 67 
inventories of various countries.  The main vector of release was air corresponding 
to 45 percent of total releases, second highest was release in residues, while 
releases to water only played a minor role.  Similarly, in the Philippines, air was the 
main contributor of releases comprising over 55 percent of the overall releases, 
followed by residues, and with negligible releases to water. 
 
In terms of importance of the source groups, Fiedler et al. established that open 
burning of biomass or waste contributed the highest with 48 percent of the total 
releases, followed by waste incineration (12 percent).  Likewise, open burning of 

wastes in the Philippines is the major contributor with over 56 percent of the 
overall releases.  However, the second highest contributors were landfills and waste 
dumps which accounted for over 32 percent of the total PCDD/PCDF releases. 
 
In summary, this Inventory establishes that the Philippines is among those 
countries with low overall per capita releases.  Of the estimated releases, only 10 
source categories were assigned with low certainty.  Nevertheless, future 
inventories can still improve significantly in terms of enhancing the certainty levels 
in the data collection of these categories, and for the other categories as well. 
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1 INTRODUCTION 

 
In compliance to its commitment to the Stockholm Convention to identify and 
quantify Polychlorinated Dibenzo-p-Dioxins (PCDD) and Polychlorinated 
Dibenzofurans (PCDF) sources; the Philippines, through the Environmental 
Management Bureau (EMB) of the Department of Environment and Natural 
Resources (DENR) with assistance from the World Bank and the Global 
Environment Facility (GEF), has prepared the National PCDD/PCDF Inventory of 
the Philippines for 2010 (hereafter referred to as the Inventory). 
 
This Inventory is divided into three parts.  These are: 
 

 Part I: Introduction, Background, and Methodology - Presents background 
information on PCDD and PCDF, the rationale for undertaking the Inventory, 
and the methodology used in the conduct of the Inventory. 

 Part II: Estimation of PCDD/PCDF Releases - Discusses the data collection 
process and results (including uncertainties and data gaps) of the Inventory 
for all source groups and categories. 

 Part III: Summary Results - Summarizes the results of the Inventory, 
including the ranking of source groups and categories as well as the 
achievement of quality criteria. 

 
2 BACKGROUND INFORMATION ON PCDD AND PCDF 
 
Dioxin is any compound containing the dibenzo-p-dioxin nucleus, while furan is 
any compound containing the dibenzofuran nucleus (Bawden, 2004); and when 
chlorine is added they are referred to as polychlorinated dioxins and furans.  The 
general formulas for each of these compounds are presented in Figure 1. 
 

Figure 1. General Formulas of Polychlorinated Dioxins and Furans 
 
 
 
 
 
 
 Polychlorinated dibenzo-p-dioxin  Polychlorinated dibenzofuran 
 
Each compound resulting from these possible options is referred to as a congener.  
Each specific congener is distinguished by the number and position of chlorine 
atoms around the aromatic nucleus.  In total, there are 75 possible PCDD 
congeners and 135 possible PCDF congeners (Bawden, 2004). 
 
Each PCDD/PCDF congener has different physical, chemical, and toxicological 
properties.  Of the 210 PCDD/PCDF congeners, 17 have been identified as posing 
significant risks to human health, with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 
being identified as the most toxic compound (Bawden, 2004). 
 
In environmental media, PCDD/PCDF occur as complex mixtures of congeners; 
which result in complex, multivariate data sets.  A system of toxic equivalents 
(TEQ) has been developed in response to this, so that the data can be reduced to 
single values.  The TEQ method is based on the available toxicological and in vitro 
biological data, and knowledge of structural similarities among the PCDD/PCDF.  
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This information has been used to produce a set of weighting factors, each of which 
expresses the toxicity of each PCDD/PCDF congener in terms of an equivalent 
amount of 2,3,7,8-TCDD.  Multiplication of the concentration of a PCDD/PCDF 
congener by the toxic equivalence factor gives a corresponding 2,3,7,8-TCDD TEQ 
concentration.  The toxicity of any mixture of PCDD/PCDF, expressed as 2,3,7,8-
TCDD, is derived by summing the individual TEQ concentrations.  This is reported 
as the „total TEQ‟ for a mixture (Graham et al., 2011). 
 
PCDD/PCDF have never been produced intentionally for any reason other than 
laboratory purposes; but occur as a contaminant in many combustion and 
industrial chemical processes.  The United Nations Environment Programme 
(UNEP) has identified 10 Source Groups that release PCDD/PCDF.  To support 
Parties to the Stockholm Convention (SC) on Persistent Organic Pollutants (POPs), 
UNEP has developed the “Standardized Toolkit for Identification and Quantification 
of Dioxin and Furan Releases” (UNEP, 2012). 
 

More than 80 PCDD/PCDF sources, each with one or more emission factors, are 
currently listed in the Toolkit.  However, new, yet unlisted sources continue to be 
identified.  These sources attest to the variety of materials and conditions that are 
associated with PCDD/PCDF formation and release (UNEP, 2012). 
 
3 RATIONALE FOR UNDERTAKING THE INVENTORY 
 
This section presents the background and objectives of the Inventory. 
 
3.1 BACKGROUND OF THE INVENTORY 
 
PCDD and PCDF are two of the POPs being addressed by the SC, which is a 
globally binding treaty that requires Parties to minimize, or where feasible, 
eliminate the releases of PCDD/PCDF.  This requirement necessitates the 
identification and quantification of PCDD/PCDF sources. 
 
To date, two national inventories have been conducted to identify and quantify the 
sources of PCDD/PCDF in the Philippines.  The first and second inventories were 
conducted in 2003 and 2006, respectively by the Industrial Technology 
Development Institute (ITDI) of the Department of Science and Technology (DOST); 
using available information on potential sources in the country and default release 
factors provided in the UNEP Toolkit.  However, these inventories were not officially 
submitted to the SC because of some weaknesses in the process and results. 
 
To address this and other issues on POPs, the Government of the Philippines 
requested assistance from the World Bank and GEF for the funding of the 
Integrated POPs Management (IPOPs) Project to assist the country in meeting its 
obligations under the SC.  The IPOPs Project has five components and this 
Inventory is under Component 2: Reduction of Releases of Unintentionally-

Produced POPs. 
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3.2 OBJECTIVES OF THE INVENTORY 
 
The objectives of the Inventory are to prepare an Inventory of PCDD/PCDF releases 
for the calendar year 2010; identify the principal sources of PCDD/PCDF releases 
per vector (air, water, land, product, and residues) in the Philippines; and be the 
starting point for the Philippines in developing action plans that will evaluate 
current and future PCDD/PCDF releases, reviewing existing laws and policies, and 
developing strategies to reduce or minimize the releases of PCDD/PCDF. 
 
4 METHODOLOGY 
 
The Inventory was conducted using the UNEP Toolkit as primary guide to ensure a 
reasonable degree of consistency between the inventories reported by different 
countries, and help in comparing inventory results between countries or changes 
over time.  The version of the Toolkit used was that published in December 2012 to 

ensure that the release estimates were as up-to-date as possible.  The succeeding 
subsections discuss the general step by step approach applied for this Inventory. 
 
4.1 IDENTIFIED THE DATA REQUIREMENTS NECESSITATED BY THE UNEP TOOLKIT 
 
The main data requirement as necessitated by the UNEP Toolkit was identified for 
each source category.  This requirement is the activity rate, which was any of the 
following: 
 

 Amount of feed material processed (e.g., tons of hazardous wastes burned) 

 Amount of product manufactured (e.g., tons of sinter produced) 

 Amount of material released (e.g., volume of flue gas released) 
 
Other data requirements were also identified especially those essential in selecting 
the appropriate release factors for some source categories.  Examples of these 
requirements are as follows: 
 

 Technology used in the production (e.g., dry or wet kilns) 

 Process details (e.g., uncontrolled/controlled, batch/continuous) 

 Air pollution control system (APCS) used to control emissions [e.g., wet 
scrubbers, bag filters, electrostatic precipitators (EPs), carbon injection] 

 Feed material used (e.g., dirty or clean scrap) 

 Material burned (e.g., clean wood or green fodder) 
 
4.2 DEVELOPED AND IMPLEMENTED A DATA COLLECTION ROADMAP FOR EACH SOURCE 

CATEGORY 
 
Data collection roadmap for each source category was developed to serve as a guide 
for the data gathering process.  Each roadmap indicated the data requirements of a 
source category as well as the level of data gathering (i.e., secondary and/or 
primary) to be implemented.  Figure 2 presents a sample data collection roadmap. 
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Figure 2. Data Collection Roadmap for Hazardous Waste Incineration 

 
 
Based on the UNEP Toolkit, some source categories require only the activity rate in 
estimating their corresponding releases.  For these cases and when centralized 
statistical information was available, secondary data were used in estimating the 
releases from the relevant source categories.  In cases where the required 
secondary data were not available or insufficient, primary data gathering was 
conducted. 
 
Details of the secondary and primary data gathering activities implemented are 
further explained in the succeeding subsections. 
 
4.2.1 Secondary Data Gathering 
 
From the identified data requirements, information through secondary data 
gathering was determined as well as the agency from which these data could be 
obtained.  A letter from the Director of DENR-EMB was sent to each agency to 
explain the purpose of the Inventory and request for the necessary information. 
 
4.2.2 Primary Data Gathering 
 
As part of the primary data gathering activities, the following were performed: 
 

 Identified and selected target respondents 

 Developed and refined survey questionnaires 

 Oriented enumerators as well as personnel from DENR-EMB and DOST-ITDI 

 Distributed survey questionnaires 

 Conducted surveys and interviews 

tons of HW 
burned

Conducted 
survey for 

TSDs

End of data 
gathering

Proceeded to 
data QA/QC 
and analysis

SOURCE CATEGORY DATA NEEDED SECONDARY DATA 
GATHERING

PRIMARY DATA 
GATHERING

Category B:
Hazardous Waste 
(HW) Incineration

Obtained list of 
accredited TSDs from 

EMB-HWMS

Consulted EMB-
HWMS which among 

the TSDs apply 
pyrolysis

•Type of APCS
•Type of technology

Secured PTOs of 
TSDs from EMB ROs



NNAATTIIOONNAALL  PPCCDDDD//PPCCDDFF  IINNVVEENNTTOORRYY  OOFF  TTHHEE  PPHHIILLIIPPPPIINNEESS  ((22001100))  

 

PP AA GG EE   ||  55 

 
In all cases where primary data gathering was implemented, an attempt was made 
to survey all relevant establishments within any given source category.  This 100 
percent coverage was based on official listing of established and operational 
establishments in 2010.  The possibility of undocumented activities in the informal 
sectors was accounted for separately through the use of a subjective certainty 
assessment matrix. 
 
4.3 DETERMINED ACTIVITY RATES 
 
Results of the data collection process were used to determine activity rates, which 
were any of the required data as discussed in Section 4.1, Part I of this Inventory.  
Details of determining activity rates are discussed in the succeeding subsections. 
 
4.3.1 Activity Rates for Complete Sources 
 

Activity rates for complete sources were determined to be any of the following cases: 
 

 Where the activity rates of all sources within a category were available, the 
activity rate used was the sum of all sources.  Example is destruction of 
animal carcasses. 

 Where there was only one known source, the activity rate of the lone source 
was used to represent that particular category.  Example is iron ore 
sintering. 

 Where the activity rate was already available as the total for the category, 
then this value was adopted as the activity rate, subject to conversion to 
appropriate unit of measurements.  Example is the regular unleaded 
gasoline used for 2-stroke engines. 

 
4.3.2 Activity Rates for Partial Samples of Known Sources 
 
Despite the attempt to get 100 percent coverage in the surveys, it was at times not 
possible to get full cooperation from all potential respondents for a source category.  
In such cases where only partial data was forthcoming from the surveys, activity 
rates for source categories were established as follows. 
 
First, the actual activity rates for those respondents who provided data were taken 
as precise point estimates.  Next, the activity rates for the non-respondents were 
estimated through standard statistical estimation procedures.  In this case, 90 
percent confidence intervals were used to establish bounds for the estimates of 
activity rates and releases that were reasonably narrow to be of use for decision-
making purposes.  Thus, upper and lower bounds for the activity rates for non-
respondents were established based on the reported values from the respondents, 
using the underlying assumption that both groups (respondents and non-
respondents) fall under the same population distributions. 
 
The population distribution was assumed to be lognormal, rather than normal.  
Justification for this lognormal distribution was that physical quantities such as 
activity rates have a natural lower bound of zero, and are thus skewed instead of 
being symmetric as in normal distributions.  The analysis was straightforward, and 
was accomplished simply by applying standard statistical estimation on the 
logarithms of the raw data. 
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The estimation procedure made use of the t-statistic, where the upper and lower 
bounds for the transformed data are established with the well-known formula 
shown below: 
 

 

 
Where:  - upper bound or lower bound value 

    - sample mean 
    - t-distribution 
    - sample standard deviation 
    - size of the sample 
 
Note that the intervals already accounted for sample size, and that in general small 
sample sizes result in wider (i.e., less precise) interval estimates for the given 
confidence level.  In addition, for some source categories, outliers were removed 

from the data based on analysis of the initial results, if the resulting bounds gave 
spurious or physically implausible (e.g., excessively large) values for activity rates. 
 
The activity rates for the various source categories were then computed as the sum 
of the results from the respondents, plus the statistically estimated results of non-
respondents.  Note that the upper and lower bounds were applied only to the latter, 
as the former were known precisely. 
 
For categories/classes associated with solid waste management, separate factors 
for urban, partially urban, and rural populations were derived through the 
weighted average of the known information obtained from surveyed local 
government units (LGUs).  The derived factors were then used to estimate the same 
information for those LGUs not surveyed or that were not able to provide the 
necessary information. 
 
4.4 SELECTED THE RELEASE FACTORS FOR EACH SOURCE (USING THE UNEP TOOLKIT) 
 
Each source was classified and placed in one of the several classes to which default 
release factors were assigned based on the UNEP Toolkit.  Classification was done 
using information on the design, operation, and/or other related factors that can 
substantially influence the magnitude of PCDD/PCDF releases. 
 
In cases where the total activity rate for a given category was computed as 
discussed in Section 4.3.2, Part I of this Inventory; the classes were assigned 
proportionally using information from the known sample. 
 
4.5 MULTIPLIED THE RELEASE FACTOR WITH THE ACTIVITY RATE 
 
Gathered activity rates were then analyzed and processed to coincide with the 
proper units required by the UNEP Toolkit.  Processed activity rates were then 
entered into the MS Excel file of the UNEP Toolkit.  The product of the processed 
activity rate and the selected release factor result in the annual PCDD/PCDF 
releases for that source category. 
 
 
 
 

Annual Release (g TEQ/yr) = Activity Rate (ton/yr) x Release Factor (g TEQ/ton) 
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4.6 ANALYZED UNCERTAINTY 

 
PCDD/PCDF release estimates for this Inventory were subject to various degrees of 
uncertainty due to the different approaches used in gathering activity rates.  Thus, 
even if the available release factors were taken to be precise values, these 
uncertainties were also reflected in the final results of the Inventory.  A dual 
approach was utilized to account for these uncertainties, to facilitate interpretation 
of the results, and to provide guidance for the conduct of future inventories.  The 
dual approach made use of both qualitative assessment and rigorous quantitative 
(statistical) analysis. 
 
A qualitative indication of the certainty of each estimate was provided using three 
ranking levels: high, medium, and low.  The certainty ranking was assigned on the 
basis of the available data, including a consideration of data quality and knowledge 
of each source sector (Graham et al, 2011).  In addition, the general principles 
provided in Table 1 were adopted.  Note that high certainty levels mean that a large 

proportion of the necessary data has been acquired through various primary and 
secondary sources; thus resulting in high level of confidence in the results.  On the 
other hand, low certainty levels mean that only a minor proportion of the necessary 
data was acquired; thus leading to low level of confidence that suggests the need to 
implement better data acquisition strategies (e.g., through government records) for 
future inventories. 
 

Table 1. Certainty Ranking Matrix 
Certainty 
Ranking 

Activity Statistics Class Assignment 

High Assigned if the statistics were based on 

specific industry data, and/or were 

derived from more than 80% of the 

survey data. 

Assigned if information on the 

process and APCS were 

available for more than 80% of 

the sources. 

Medium* Assigned if the statistics were modified 

to account for confounding factors 
and/or were derived within a range of 

21-80% of the survey data. 

Assigned if information on the 

process and APCS were 
available within a range of 21-

80% of the sources. 

Low Assigned if the statistics were based on 

subjective assessment or modeled data 

and/or were derived from less than 

21% of the survey data. 

Assigned if information on the 

process and APCS were 

available for less than 21% of 

the sources. 
Note: * - If the population is less than 5, at least two samples are needed for a Medium Certainty 

Ranking. 

 
The certainty ranking provided in Table 1 applied to both the activity statistics and 
class assignment of each source category.  Another certainty aspect is the release 
factors used to estimate releases of each category.  However, the majority of release 
factors used in this Inventory were taken directly from the UNEP Toolkit.  In cases 
where the release factors in the Toolkit were not taken, justifications were provided 
accordingly. 
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4.7 APPLIED QUALITY ASSURANCE AND QUALITY CONTROL MEASURES 
 
The Inventory was conducted with the aim of meeting the following quality criteria: 
 

 Reliable.  Entailed coherent application of internationally acknowledged 
methodologies such as the UNEP Toolkit and the use of best available 
national information. 

 Consistent over time.  Applied the same approach over time to establish 
consistent time trends. 

 Comparable between countries.  Reported according to the same source 
groups and source categorization. 

 Transparent.  Described, documented, and archived the approach, 
methodology, information, and assumptions used to facilitate inventory 
updates in the future. 

 Complete.  Considered all relevant source categories, all sources within 
those categories, and all relevant release vectors in the whole country.  Also 
included information on source categories that do not exist or are not 
operational in the country during the reference year (2010). 

 
To ensure that the above criteria were met, quality assurance (QA) and quality 
control (QC) measures were applied throughout the Inventory (i.e., data collection 
process, data processing activity, and overall results analysis). 
 
5 LIMITATIONS OF THE INVENTORY 
 
The Inventory aimed to report comprehensive information for all applicable source 
categories.  However, resource and time constraints as well as unavailability of 
national consolidated statistics (required by the Inventory) resulted to the following 
for some source categories: 
 

 Non-attainment of 100 percent coverage in the conduct of surveys.  In all 
cases where primary data gathering was implemented, an attempt was made 
to survey all relevant establishments within any given source category.  
However, despite constant follow ups, responses for some source categories 
were not forthcoming. 

 

 Uncertainty in determining the total population for a given sector for a given 
period of time.  Some source categories (i.e., brick production, smokehouses, 
and dry cleaning) are not regulated by national agencies such that there is 
no government agency that monitors the number of operating 
establishments.  Likewise, some source categories (i.e., textile mills, leather 
tanning) are quite unstable or suffering from unfavorable business 
development that it cannot be established whether they were operating in 
2010, which is the based year of the Inventory. 

 
The Inventory was conducted based entirely on the use of release factors provided 
in the December 2012 UNEP Toolkit.  However, there were cases (e.g., tobacco 
smoking and sewage/sewage treatment) where the release factors were adjusted to 
fit the requirements of the country.  In these cases, justifications were provided 
accordingly. 
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Lastly, although the based year was set at 2010, some data provided were based 
before or after 2010; since these are the only available information.  In such cases, 
information on the latest available year or average of the previous years was used 
in consultation with appropriate respondents. 
 
Considering these limitations, it is emphasized that the release estimates as 
determined by this Inventory are INDICATIVE only of the likely PCDD/PCDF 
releases by various sources in the Philippines.  The estimates were developed based 
on the best information currently available. 
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1. GROUP 1: WASTE INCINERATION 

 
Incineration is a high-temperature waste treatment system used for the purposes of 
reducing the volume and hazard of waste constituents, at the same time capturing 
or destroying harmful substances that are released during the process. 
 
Waste incinerators are identified in the SC as having the potential for comparatively 
high PCDD/PCDF formation which is associated with poor combustion conditions, 
ill-managed post-combustion chambers and APCS, and problematic input waste 
materials (presence of precursors for the formation of PCDD/PCDF). 
 
In terms of release routes, significant releases occur in the air and in the residues 
(ash), while releases to land are negligible (although the residues may ultimately be 
disposed to land).  Relevant releases to water occur only if wet scrubbers are used 
for the removal of particulate matter, when the water is not re-circulated within the 
process or when the effluent is not adequately treated. 

 
The categories under Group 1 are presented in Table 2 with their corresponding 
potential release route of PCDD/PCDF. 
 

Table 2. Categories of Group 1: Waste Incineration 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Municipal solid waste incineration X (x)   X 

b Hazardous waste incineration X (x)   X 

c Medical waste incineration X (x)   X 

d Light-fraction shredder waste 

incineration 

X    X 

e Sewage sludge incineration X    X 

f Waste wood and waste biomass 

incineration 

X (x)   X 

g Destruction of animal carcasses X    X 

Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 
In the Philippines, incineration is defined under Section 20 of Republic Act (RA) 
8749 or the Philippine Clean Air Act of 1999 as the burning of municipal, 
biomedical, and hazardous waste.  RA 8749 also denotes that the defined 
incineration process emits poisonous and toxic fumes and is therefore banned.  
This was later clarified in 2002, through Memorandum Circular No. 05, that 
Section 20 does not absolutely prohibit incineration as a mode of waste disposal 
rather only those burning processes which emit poisonous and toxic fumes.  Thus, 
some incineration or thermal treatment facilities legally remain in the Philippines. 
 
Rule XXVII of DENR Administrative Order (DAO) 2000-81 or the Implementing 

Rules and Regulations (IRR) of RA 8749 promulgates the promotion of the use of 
state-of-the-art, environmentally-sound, and safe thermal and non-burn 
technologies for the handling, treatment, thermal destruction, utilization, and 
disposal of sorted, un-recycled, un-composted, biomedical and hazardous wastes.  
Non-burn technologies and thermal treatment may be used provided that the 
following conditions are strictly complied with: 
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 Applicable emission standards are not exceeded 

 Installation and approved use of continuous emission monitoring system 
measuring particulate matter, nitrogen dioxide, carbon monoxide, chlorine, 
and temperature 

 Compliance with all other relevant requirements of the IRR.  In cases where 
the requirements of this Rule are more restrictive than those of the other 
requirements of the IRR, the more restrictive requirements shall apply. 

 
Within three to five years of implementation of RA 8749, incinerators were phased-
out and treatment and disposal of municipal, biomedical, and hazardous wastes 
shifted to non-burn technologies and thermal processes using state-of-the-art air 
pollution control technologies. 
 
Any waste incineration facility that operates in the Philippines is regulated by 
DENR-EMB.  In consultation with EMB Central Office (CO) and Regional Offices 
(ROs), as well as with other agencies [i.e., National Solid Waste Management 

Commission (NSWMC), Regional Ecology Centers (RECs), and Department of Health 
(DOH)] as applicable; only hazardous waste incineration (Category 1b) and 
destruction of animal carcasses (Category 1g) were identified to be operating in the 
Philippines in 2010.  Details are discussed in the succeeding subsections including 
the verification process to establish the presence or absence of the source 
categories under this group. 
 
1.1 CATEGORY 1A: MUNICIPAL SOLID WASTE INCINERATION 
 
According to RA 9003 or the Ecological Solid Waste Management Act of 2000, 
municipal solid wastes (MSW) refer to solid wastes produced from activities within 
LGUs which include a combination of domestic, commercial, institutional and 
industrial wastes, and street litter. 
 
Results of the consultation with EMB ROs, the NSWMC, and its RECs confirmed 
that MSW incinerators do not exist in the country.  Although there are MSW that 
are thermally treated through cement kilns in accordance with DAO 2010-06 or the 
Guidelines on the Use of Alternative Fuels and Raw Materials in Cement Kilns, the 
PCDD/PCDF releases from this source are accounted under Category 4a: Cement 
Production. 
 
1.2 CATEGORY 1B: HAZARDOUS WASTE INCINERATION 
 
Hazardous waste incineration in the Philippines refers to the application of thermal 
treatment processes to handle hazardous wastes.  Per DAO 2004-36 or the 
Procedural Manual for Hazardous Waste Management, establishments that offer 
services for treatment, storage, and/or disposal (TSD) of hazardous wastes are 
required to secure and correspondingly renew a TSD Facility Permit from EMB.  In 
addition, TSD facilities are categorized based on the technology used, wherein 
facilities that utilize thermal treatment are classified as Category B TSD Facilities. 
 
Category B TSD Facilities include those that conduct off-site thermal treatment 
including pyrolysis, autoclave, microwave, and sterilization.  Based on the UNEP 
Toolkit, only facilities that utilize pyrolysis are included in this source category 
because there are no significant PCDD/PCDF releases from the other types of 
processes. 
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1.2.1 Determination of Activity Rates 

 
Based on consultation with the Hazardous Waste Management Section (HWMS) of 
EMB, only two TSD facilities that utilize pyrolysis were identified to operate in 
2010.  Surveys were conducted for the two TSD facilities and indicated that there 
were 700.88 tons1 of hazardous waste thermally treated in 2010. 
 
1.2.2 Estimation of Releases 
 
Hazardous waste incinerators are classified according to the type of combustion 
technology and APCS used by the facility.  Using the Permit to Operate (PTO) Air 
Pollution Installation of the two TSD facilities, it was noted that one TSD facility 
utilizes a two-chamber diesel oil fired incinerator with after burner while the other 
utilizes a pyrolytic waste oxidizer with scrubber. 
 
Based on the Guidelines on Best Available Techniques (BAT) and Guidance on Best 

Environmental Practices (BEP), hereafter referred to as BAT/BEP Guidance 
Document (UNEP, 2006); the two TSD facilities were assigned as Class 3 since their 
combustion technologies can provide improved combustion efficiency with APCS in 
place. 
 
Estimated releases from the two TSD facilities totaled 0.007 grams TEQ per annum 
(g TEQ/a) to air and 0.315 g TEQ/a to residues; using the factors 10 micrograms 
(µg) TEQ/ton and 450 µg TEQ/ton of hazardous wastes burned respectively. 
 
1.2.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because they are 
based on facility-specific data in 2010.  The class assignment was also given a 
„high‟ certainty ranking because information on the technology and APCS were 
available from both sources. 
 
1.3 CATEGORY 1C: MEDICAL WASTE INCINERATION 
 
Medical or health care wastes, as defined under the Philippine DOH Health Care 
Waste Management Manual, refer to all wastes that are generated or produced as a 
result of any of the following activities: 
 

 Diagnostic, treatment, or immunization of human beings or animals 

 Research pertaining to the above activities 

 Production or testing of biological [agents] (e.g., vaccines, serums, and 
antigens) 

 Waste originating from minor or scattered sources 
  

                                           
1 All mass quantities that are reported in tons in this Inventory refer to metric tons, rather than US or 
Imperial. 
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Medical wastes categorized as pathogenic or infectious wastes and pharmaceutical 
wastes are also classified as hazardous wastes under RA 6969 or the Toxic 
Substances and Hazardous and Nuclear Waste Control Act of 1990.  Proper 
handling, collection, transport, treatment, and disposal of medical wastes are 
jointly regulated by DENR-EMB and DOH. 
 
Based on consultation with DENR-EMB and DOH, all medical waste incinerators 
have ceased operation since 2003, in compliance with RA 8749.  The current 
treatment method for medical wastes is the use of thermal non-burn technologies, 
such as autoclave and microwave. 
 
Based on EMB's List of Registered TSD Facilities for hazardous wastes, there were 
two TSD facilities registered to treat medical waste but limited to pharmaceutical 
wastes only.  Releases from these TSD facilities were accounted already under 
Category 1b: Hazardous Waste Incineration, since medical wastes are also 

classified as hazardous waste in the Philippines. 
 
1.4 CATEGORY 1D: LIGHT-FRACTION SHREDDER WASTE INCINERATION 
 
Light-fraction shredder waste refers to lightweight aggregate derived from shredding 
of large items such as old vehicles, white goods, and bulky containers.  In other 
countries, these types of wastes are shredded to reduce the overall volume and to 
enable the separation of recoverable materials such as metals from plastics and 
composites.  The light fraction aggregates generated from shredding are usually 
combusted for disposal. 
 
In consultation with EMB ROs, it was confirmed that this activity does not exist in 
the Philippines. 
 
1.5 CATEGORY 1E: SEWAGE SLUDGE INCINERATION 
 
Sewage sludge is the product of any wastewater treatment process regardless of its 
origin (e.g., municipal, agricultural, or industrial activities).  Wastewater contains 
solids, which are normally removed as sludge during treatment process.  This 
sludge may be incinerated, treated through co-combustion in power plants or 
cement industries, or landfilled. 
 
In the Philippines, such activity does not exist as confirmed through consultation 
with EMB ROs.  The most common method of sewage sludge treatment is through 
landfill or land application.  Releases from this practice are accounted under 
Category 9a: Landfills, Waste Dumps and Landfill Mining.  Another sludge 
treatment method applied in the Philippines is the co-incineration of sewage sludge 
in cement plants for which releases are accounted for under Category 4a: Cement 
Production. 

 
1.6 CATEGORY 1F: WASTE WOOD AND WASTE BIOMASS INCINERATION 
 
Category 1f refers to the combustion of waste wood and waste biomass in a furnace 
under controlled conditions for the purposes of disposal, rather than heat recovery.  
It specifically deals with incineration of wood and biomass, which may have been 
treated or become mixed with treated wood or contaminated biomass. 
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Incinerators for combustion of waste wood and waste biomass do not exist in the 
Philippines as confirmed through consultation with EMB ROs.  Waste wood and 
waste biomass are commonly used as fuel for heat or steam generation, landfilled, 
or burned on land.  Biomass used for generation of heat/steam is discussed under 
Group 3: Power Generation and Heating.  Furthermore, waste biomass burned on 
land is accounted for in Group 6: Open Burning Processes, while the landfill option 
is addressed in Category 9a: Landfills, Waste Dumps and Landfill Mining. 
 
1.7 CATEGORY 1G: DESTRUCTION OF ANIMAL CARCASSES 
 
Thermal destruction of animal carcasses is applied to avoid public health risks 
resulting from natural decay of carcasses and/or the presence of infectious 
diseases.  The combustion process is often poorly controlled and incomplete 
combustion is typical; since the main purpose is disinfection and complete 
eradication of all biological activity rather than complete combustion or even energy 
conversion. 

 
1.7.1 Determination of Activity Rates 
 
The list of potential facilities that operate incinerators for animal carcasses was 
obtained from the National Meat Inspection Service (NMIS) and the Bureau of 
Animal Industry (BAI) of the Department of Agriculture (DA).  Survey forms were 
sent to 18 facilities, consisting of a feather plant and 17 government facilities under 
BAI-DA. 
 
Results of the survey showed that seven facilities operate incinerators for animal 
carcasses with a total of 3.77 tons of animal carcasses burned in 2010.  The rest do 
not incinerate animal carcasses. 
 
1.7.2 Estimation of Releases 

 
Incinerators of animal carcasses are classified according to the type of furnace 
technology and APCS used by the facility.  Results of the survey showed that all 
facilities operate either a single or double chamber furnace and with no APCS.  
Thus, all sources were assigned as Class 1 with estimated air emissions of 0.002 g 
TEQ/a, using the factor 500 µg TEQ/ton of animal carcasses incinerated. 
 
1.7.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because they were 
based on facility-specific data in 2010, and all facilities were included.  The class 
assignment was also given a „high‟ certainty ranking because information on 

furnace technology and APCS were available from all sources. 
 
1.8 GROUP 1 SUMMARY 
 
The PCDD/PCDF Inventory for Group 1 is summarized in Table 3.  As mentioned, 
only two source categories operated in the Philippines in 2010.  Releases of the 
group are minimal (0.324 g TEQ/a), with most coming from the incineration of 
hazardous wastes.  All estimates were deemed to have high degrees of certainty, as 
the required data were obtained from all identified sources. 
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Table 3. Summary of PCDD/PCDF Inventory for Group 1 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

b Hazardous waste 

incineration 

0.322 99.4% High High 

g Destruction of 

animal carcasses 

0.002 0.6% High High 

Total 0.324 100%   

 
2. GROUP 2: FERROUS AND NON-FERROUS METAL PRODUCTION 
 
The production of ferrous and non-ferrous metals mainly involves thermal 
processes with major releases of PCDD/PCDF in the air and residues.  Based on 
the raw material used, the process of metal production can be considered as 
primary or secondary. 
 
Primary metallurgical processes produce metals directly from ores.  Ores and 
concentrates contain metals other than the prime target metal, and these may 
undergo concentration, smelting, and refining to obtain pure target metal and 
recover other valuable metals as well.  These other metals tend to concentrate in 
the residues from the process; and in turn, these residues form the raw material for 
other metal recovery processes.  On the other hand, secondary metallurgical 
processes utilize scrap metals, often coated with plastics, paints, and oils, used 
batteries (for lead production), or slags and fly ash from metallurgical or other 
processes. 
 
PCDD/PCDF formation from thermal metallurgical processes is caused by the 
presence of oils and other organic substances in the raw materials which may lead 
to de novo synthesis of PCDD/PCDF in furnaces or abatement systems.  Some raw 
materials also contain PCDD/PCDF or their precursors which are then carried 
through the production process.  In addition, PCDD/PCDF may be formed when 
chlorine is used in the process, such as the chlorination step involved in the 
electrolytic production of magnesium from seawater and dolomite. 
 
The UNEP Toolkit establishes that PCDD/PCDF and other unintentionally formed 
POPs develop in high temperature thermal metallurgical processes.  Thus, 
hydrometallurgical processes are not considered as PCDD/PCDF sources.  The 
categories under Group 2 are presented in Table 4 with their corresponding 
potential release routes of PCDD/PCDF. 
 

Table 4. Categories of Group 2: Ferrous and Non-Ferrous Metal Production 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Iron ore sintering X    X 

b Coke production X X X X X 

c Iron and steel production and 

foundries 

X    X 

d Copper production X X   X 

e Aluminum production  X    X 

f Lead production X    X 

g Zinc production X    X 

h Brass and bronze production X    X 

i Magnesium production X X   X 
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Category 
Potential Release Route 

Air Water Land Product Residue 

j Other non-ferrous metal production X X   X 

k Shredders X    X 

l Thermal wire reclamation X (x) X  X 
Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 
In the Philippines, the metal processors are generally divided into three main 
groups, namely: iron and steel industry, non-ferrous metal industry, and 
engineering industry.  The iron and steel industry could be divided into three sub-
sectors.  These are: 
 

 Primary Sector2 - Includes iron making or extraction of iron from iron ore; 
steel making or the refinement of iron or scrap into steel; and billet, ingot, 
and slab casting which is basically pouring of molten steel into the desired 
semi-finished shape 

 Intermediate Sector - Involves the processing of semi-finished iron and steel 
into finished products, namely rolling, forming, drawing, and finishing 

 Downstream Sector - Includes the major users of iron and steel products 
such as construction, automotive and machinery, and the engineering and 
metalworking sector 

 
The Primary Sector is of most interest for the PCDD/PCDF Inventory because it is 
here where most of the thermal processing takes place and where raw materials are 
relatively more contaminated. 
 
The non-ferrous metal industry mainly includes brass, bronze, and aluminum sub-
sectors.  Generally, most non-ferrous production in the country involves 
downstream processes such as casting and metal fabrication. 
 
The engineering industries comprise mainly of small and medium-sized plants and 
shops that process all industrial alloys, usually on an intermittent basis, producing 
engineered and custom-built products.  This includes foundries, die-casting shops, 
forge shops, tool and die shops, machine shops, and press shops. 
 
Of the 12 categories under Group 2, it was established that zinc (Category 2g), 
magnesium (Category 2i), shredders (Category 2k), and thermal wire reclamation 
(Category 2l) do not exist in the Philippines.  Details are discussed in the 
succeeding subsections including the verification process to establish the presence 
or absence of the source categories under this group. 
 
2.1 CATEGORY 2A: IRON ORE SINTERING 
 
The sintering process occurs in the initial part of the iron production chain and 
involves the combustion of metal ores for purposes of agglomeration of fine 
particles. 
  

                                           
2 Primary, in this context, is different from the classification discussed previously for Primary 
Metallurgical Processes. 
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2.1.1 Determination of Activity Rates 
 
Based on knowledge of industry experts and through consultation with EMB, there 
is only one sintering plant in the Philippines.  Estimation of releases from the lone 
sintering plant required information on the production output, type of thermal 
process technology, and APCS used.  These data were obtained from the quarterly 
Self-Monitoring Reports (SMRs) of the plant for 2010 through coordination with the 
concerned EMB RO.  From the SMRs, it was noted that 2,982,744 tons of sintered 
ore were produced in 2010. 
 
2.1.2 Estimation of Releases 
 
Releases from this category are classified based on the type of feed material and 
APCS used.  The lone sintering plant produces sinter from iron ore.  Dusts 
generated during the process are collected through cyclones, EPs, and bag filters.  

Considering the above information, the iron ore sintering plant was assigned as 
Class 2, with estimated releases of 14.914 g TEQ/a to air and 2.983 g TEQ/a to 
residues; using the factors 5 µg TEQ/ton and 1 µg TEQ/ton of sinter produced 
respectively. 
 
2.1.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because they were 
based on company-specific data for 2010.  The class assignment was also given a 
„high‟ certainty ranking because information on the type of input material, the level 
of combustion control, and APCS used were available. 
 
2.2 CATEGORY 2B: COKE PRODUCTION 
 
Coke is produced from hard coal or brown coal by carbonization (heating under 
vacuum).  In “coke ovens”, coal is charged into large vessels, which are subjected to 
external heating to approximately 1,000°C in the absence of air.  Coke is then 
removed and quenched with water.  The major use of coke is in the iron and steel 
industry (UNEP, 2012).  However, coke production does not exist in the Philippines 
as confirmed with EMB ROs. 
 
Since charcoal production is analogous to coke production, releases from the 
former are also accounted for under Category 2b, even though there is usually no 
major connection with the metal processing industries.  Raw materials for charcoal 
production normally include indigenous trees and shrubs, logging residues from 
tree plantations, and coconut shells and husks.  In the Philippines, charcoal is 

produced from roundwood and coconut shells.  Though widely used in Philippine 
households, mostly in rural areas; charcoal is also locally consumed for industry 
end-uses. 
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2.2.1 Determination of Activity Rates 
 
Data on charcoal production from roundwood was obtained from the 2011 
Philippine Statistical Yearbook (PSY).  The production data of 359,000 cubic meters 
(m3) was converted to 64,620 tons using the density of charcoal (0.180 tons/m3) 
based on the Wood Fuel Surveys from the Food and Agriculture Organization 
(FAO). 
 
Charcoal production from coconut shells was obtained from the Philippine Coconut 
Authority (PCA).  However, only the volume (29,265 tons) of exported coconut shell 
charcoal is being monitored.  The main reason for this is that charcoal producers in 
the Philippines are small-scale/cottage facilities, often characterized by the lack of 
documented production data.  In addition, the challenge of obtaining data on 
coconut shell charcoal production lies on the fact that coconut shells and husks 
are also utilized as biomass fuel or processed into various other products. 

 
2.2.2 Estimation of Releases 
 
Releases from this category are classified based on the presence or absence of 
APCS.  Considering that most charcoal producers are small-scale facilities, they 
most likely do not utilize any APCS.  As such, charcoal production was assigned as 
Class 1, with potential releases of 0.282 g TEQ/a to air; using the factor 3 µg 
TEQ/ton of charcoal produced.  The UNEP Toolkit water release factor of 0.06 µg 
TEQ/ton is only relevant in coke production, thus was not used in the estimates for 
charcoal production. 
 
2.2.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: Medium 

 
The activity statistics were assigned a „medium‟ certainty ranking because it was 
based on limited data, where charcoal production from coconut shell for local 
consumption was acknowledged as a data gap.  The class assignment was also 
given a „medium‟ certainty ranking because information on the APCS was based on 
expert judgment. 
 
2.3 CATEGORY 2C: IRON AND STEEL PRODUCTION, FOUNDRIES, AND HOT DIP 

GALVANIZING PLANTS 
 
Category 2c comprised of three subcategories.  These are Iron and Steel Production, 
Foundries, and Hot Dip Galvanizing Plants.  Results of the Inventory for these 
subcategories are discussed hereafter. 
 

2.3.1 Determination of Activity Rates 
 
The total population of iron and steel plants and hot-dip galvanizing plants 
(producers of galvanized steel) was determined through SMRs from EMB ROs and 
the list of locators of the Philippine Economic Zone Authority (PEZA).  For 
foundries, the list was obtained from the Metals Industry Research and 
Development Center(MIRDC) of DOST. 
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Due to the absence of national data, the production output in 2010 as well as the 
types of feed material, thermal treatment technologies, and APCS used were 
obtained from the SMRs and through the conduct of surveys.  Data collection rate 
for each subcategory was as follows: 
 

 Iron and Steel Plants - 62 percent (8 of 13) 

 Iron Foundries - 68 percent (38 of 56) 

 Hot-dip Galvanizing Plants - 80 percent (8 of 10) 
 
Surveyed data were then extrapolated to represent national data using the 
approach described in Section 4.3.2, Part I of this Inventory.  The extrapolated 
activity rates are presented in Table 5 together with their corresponding 90 percent 
confidence intervals. 
 

Table 5. Extrapolated Activity Rates for Category 2c with 90 Percent 
Confidence Intervals 

Subcategory 
Extrapolated Activity 

Rate (tons) 

90 Percent Confidence 

Intervals (tons) 

Lower Bound Upper Bound 

Iron and Steel Plants 444,094 394,239 654,286 

Iron Foundries 25,139 23,801 27,239 

Hot-dip Galvanizing Plants 167,677 158,433 195,496 

Total 636,910 576,473 877,021 

 
2.3.2 Estimation of Releases 
 
Releases from this category are classified based on the type of feed material, feed 
material pre-treatment steps, thermal treatment technology, and APCS used. 
 
Results of the data collection process showed that five iron and steel plants use 
electric arc furnaces with bag filters as APCS and were assigned as Class 2.  Two 
plants use a reheating furnace, with one using a wet scrubber and the other with 
no APCS.  As such, they were assigned as Class 2 and Class 1, respectively.  In the 
absence of available information on the type of feed material and technology, one 
plant was assigned as Class 1 since it does not have an APCS based on its SMR. 
 
Twenty-nine of the 38 foundries use either a hot air cupola or induction furnace 
and 17 of these do not have APCS.  Class 1 was assigned for foundries without 
APCS; while the 12 foundries (utilizing a hot air cupola or induction furnace) with 
APCS (bag filter, cyclone, and/or wet scrubber) were assigned as Class 4.  Six 
foundries use cold air cupola and two of these do not have APCS.  Similarly, Class 
1 was assigned for foundries without APCS; while the other four foundries (utilizing 
a cold air cupola) have APCS (bag filter, cyclone, and/or wet scrubber) and were 
assigned as Class 3.  One foundry uses a rotary drum furnace with wet scrubber 
and was assigned as Class 2; while the remaining two foundries do not have an 

APCS and were assigned as Class 1. 
 
Seven of eight hot-dip galvanizing plants indicated that they utilize a degreasing 
step to clean the feedstock.  Only one plant does not use an APCS and was 
assigned as Class 1; while six plants (with degreasing step) use an APCS (bag filter, 
cyclone, and/or wet scrubber) and were assigned as Class 3.  The lone plant 
without a degreasing step use a wet scrubber and was assigned as Class 2. 
 



NNAATTIIOONNAALL  PPCCDDDD//PPCCDDFF  IINNVVEENNTTOORRYY  OOFF  TTHHEE  PPHHIILLIIPPPPIINNEESS  ((22001100))  

 

PP AA GG EE   ||  2200 

In view of the above, the estimated releases for this category amount to 1.436 g 
TEQ/a to air and 6.889 g TEQ/a to residues.  Table 6 details the 2010 estimated 
releases for the three subcategories. 
 

Table 6. Estimated Releases from Iron and Steel, Foundries, and Hot Dip 
Galvanizing Plants 

Class 

No. 
Class Description 

2010 

Production 

(tons) 

Release Factors 

(µg TEQ/ton) 

2010 Releases 

(g TEQ/a) 

Air Residue Air Residue 

Iron and Steel Plants 444,094   1.347 6.661 

1 Dirty scrap (cutting oils, general 

contamination, scrap preheating, 

limited controls) 

2,111 10 15 0.021 0.032 

2 Clean scrap/virgin iron or dirty 

scrap, afterburner and fabric filter 

441,983 3 15 1.326 6.630 

Iron Foundries 25,139   0.085 0.048 

1 Cold air cupola or hot air cupola 

or rotary drum with no gas 

cleaning 

7,798 10 ND 0.078 ND 

2 Rotary Drum ‐ fabric filter or wet 

scrubber 

245 4.3 0.2 0.001 0.00005 

3 Cold air cupola – fabric filter or 

wet scrubber 

5,218 1 8 0.005 0.042 

4 Hot air cupola or induction 

furnace and fabric filter or wet 

scrubber 

11,878 0.03 0.5 0.0004 0.006 

Hot-dip Galvanizing Plants 167,677   0.0042 0.1800 

1 Facilities without APCS 6,540 0.06 0.01 0.0004 0.0001 

2 Facilities without degreasing step, 

good APCS 

18,821 0.05 2 0.001 0.038 

3 Facilities with degreasing step, 

good APCS 

142,315 0.02 1 0.003 0.142 

Total 469,223   1.436 6.889 

Note: Details may not add up to total due to rounding off. 

 
2.3.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: Medium 

 
The activity statistics were assigned a „medium‟ certainty ranking because 
information was obtained within the range of 21 to 80 percent of the survey data 
and was extrapolated to estimate data on the national level.  In addition, since 
there is uncertainty in the determination of the true population, the total 
population identified through SMRs from EMB ROs and the list of PEZA locators 
was considered to “officially” consist of the total population, except for foundries 
where the total population was provided by MIRDC. 
 

The class assignment was also given a „medium‟ certainty ranking.  Although 
information on the type of feed material, feed material pre-treatment steps, thermal 
treatment technology, and APCS were mostly provided by the surveyed 
establishments; there is some uncertainty in classifying those establishments not 
surveyed. 
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2.4 CATEGORY 2D: COPPER PRODUCTION 

 
Copper may be generated through primary and secondary production.  Primary 
copper may be produced by two different technologies depending on the type of 
minerals treated, either oxides or sulfides, and from primary concentrates and 
other materials, either by pyrometallurgical or hydrometallurgical routes (BREF 
2009).  On the other hand, secondary copper is produced by pyrometallurgical 
processes and is obtained from scrap or other copper‐bearing residues such as 
slags and ashes. 
 
2.4.1 Determination of Activity Rates 
 
Through the knowledge of industry experts as well as verification with EMB ROs, 
the Mines and Geosciences Bureau (MGB), and PEZA; it was established that there 
is only one copper smelter in the Philippines. 
 
Results of the survey showed that the lone copper smelting plant produces copper 
from copper concentrates (primary copper producer) with an actual production 
output of 176,036 tons in 2010. 
 
2.4.2 Estimation of Releases 
 
The type of input material is essential in estimating releases for copper production 
since releases vary significantly for primary and secondary production.  Since the 
only copper smelter in the Philippines is a primary copper producer, it has 
relatively lower release levels compared to secondary copper producers. 
 
As with other source categories under this group, the type of APCS influences the 
potential releases.  Based on the survey, the plant utilizes EPs.  In addition, it 
utilizes a flash smelting furnace with electrodes through a single jet burner; which 
is considered as a BAT for primary base metals smelting, according to the 
BAT/BEP Guidance Document.  Hence, the copper producer was assigned as Class 
6 with no significant releases to air but with water releases of 0.088 g TEQ/a, using 
the factor 0.5 µg TEQ/ton of copper produced. 
 
2.4.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because they were 
based on company-specific data for 2010.  The class assignment was also given a 
„high‟ certainty ranking because specific information was obtained on the type of 
input material and APCS used by the identified copper producer. 
 

2.5 CATEGORY 2E: ALUMINUM PRODUCTION 
 
Aluminum can be produced from aluminum ore, most commonly bauxite (primary 
production), or from scrap (secondary production).  In primary aluminum 
production, the mined aluminum ore is refined into aluminum oxide trihydrate 
(alumina) through the Bayer Process.  The alumina is then electrolytically reduced 
into metallic aluminum through the Hall‐Héroult Process, which utilizes either 

self‐baking anodes, the Söderberg anodes, or pre‐baked anodes (UNEP, 2012). 
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2.5.1 Determination of Activity Rates 

 
Based on consultation with EMB ROs and PEZA, only secondary aluminum 
producers exist in the Philippines.  Lists of establishments from EMB ROs and 
PEZA served as potential population sources for this category. 
 
Results of the data collection process confirmed that there are nine secondary 
aluminum producers in the country.  All identified producers were surveyed, of 
which eight responded.  Surveyed data were then extrapolated to represent national 
data using the approach described in Section 4.3.2, Part I of this Inventory.  The 
extrapolated activity rate gave a result of 7,679 tons of secondary aluminum 
produced in 2010, with corresponding 90 percent confidence intervals of 7,524 
tons (lower bound) and 8,527 tons (upper bound). 
 
2.5.2 Estimation of Releases 
 

Releases from this category are classified based on the type of feed material 
(whether ore or scraps), feed material pre-treatment steps, and APCS used. 
 
Results of the survey showed that all eight surveyed establishments do not de-oil 
nor dry their feed materials prior to thermal treatment.  Of these, only two 
establishments have APCS (wet scrubber and/or cyclone) and were assigned as 
Class 2; while those without APCS were assigned as Class 1. 
 
The estimated releases for this category amount to 0.736 g TEQ/a to air and 1.601 
g TEQ/a to residues.  Table 7 details the estimated releases for this category. 
 

Table 7. Estimated Releases from Aluminum Production 

Class 

No. 
Class Description 

2010 

Production 

(tons) 

Release Factors 

(µg TEQ/ton) 

2010 Releases 

(g TEQ/a) 

Air Residue Air Residue 

1 Thermal processing of scrap 

aluminum, minimal treatment of 

inputs and simple dust removal 

7,353 100 200 0.735 1.471 

2 Thermal Al processing, scrap 

pre-treatment, well-controlled, 

fabric filters with lime injection 

326 3.5 400 0.001 0.130 

Total 7,679   0.736 1.601 

 
2.5.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: High 

 
The activity statistics were assigned a „medium‟ certainty ranking.  Although the 

activity rate was obtained from more than 80 percent of all identified aluminum 
producers, there is uncertainty in the true population of aluminum producers.  
Lists of establishments from EMB ROs and PEZA were considered to “officially” 
consist of the total population.  On the other hand, the class assignment was given 
a „high‟ certainty ranking because information on the process and APCS were 
mostly provided by the surveyed establishments. 
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2.6 CATEGORY 2F: LEAD PRODUCTION 

 
Lead can also be generated through primary or secondary production.  Two main 
routes for primary lead production from sulfide ores are available – 
sintering/smelting and direct smelting.  On the other hand, considerable quantities 
of lead are recovered from scrap materials (secondary lead production), in 
particular vehicle batteries. 
 
2.6.1 Determination of Activity Rates 
 
Through consultation with EMB ROs, MGB, and PEZA; it was established that 
there are no primary lead producers in the country. 
 
Under DAO 2004-36, recovered lead is considered as hazardous wastes and its 
recovery process should be conducted only by registered TSD facilities.  Based on 
EMB's List of Registered TSD Facilities for hazardous wastes, four secondary lead 

producers operated in 2010. 
 
Surveys were conducted to the four TSD facilities and indicated that there were 
40,829 tons of lead recovered in 2010. 
 
2.6.2 Estimation of Releases 
 
Lead producers are classified according to the type of feed material, presence of 
polyvinyl chloride (PVC) cases (for batteries) and oil/grease in the feed material, 
and APCS used. 
 
Results of the survey showed that all secondary lead producers use lead scrap that 
is free from PVC and oil/grease.  In addition, all use APCS (baghouse, bag filter, 
and/or wet scrubber) as indicated in the survey and/or verified in their respective 
PTO.  As such, Class 2 was assigned to them with estimated releases of 0.327 g 
TEQ/a to air and 2.041 g TEQ/a to residues, using the factors 8 µg TEQ/ton and 
50 µg TEQ/ton of recovered lead respectively. 
 
2.6.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: High 

 
The activity statistics were assigned a „medium‟ certainty ranking.  Although the 
activity rate represents data from the complete list of registered lead recyclers, the 
“informal” sector from this category is not reflected in this Inventory.  On the other 
hand, the class assignment was given a „high‟ certainty ranking because 
information on the process and APCS used were available for all identified sources. 
 

2.7 CATEGORY 2G: ZINC PRODUCTION 
 
Zinc may be recovered from ores through a variety of processes.  Crude zinc may be 
produced in combination with a lead ore blast furnace or be recovered from the slag 
from such processes in rotary kilns.  A variety of scrap materials may be used for 
zinc recovery as well as secondary raw materials such as dusts from copper alloy 

production, electric arc steel‐making (e.g., filter dusts and sludge), residues from 
steel scrap shredding, or scrap from galvanizing processes. 
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Lists of establishments potentially producing zinc were sought from EMB ROs, 
MIRDC, Philippine Metalcasting Association Incorporated, MGB, and PEZA.  From 
these sources, four establishments were identified.  However, three establishments 
were eventually excluded since they were determined to be involved in downstream 
operations; while the other establishment utilizes a flotation process for its zinc 
production (not thermal treatment).  Hence, there are no sources of PCDD/PCDF 
releases from Category 2g. 
 
2.8 CATEGORY 2H: BRASS AND BRONZE PRODUCTION 
 

Brass can be produced by either re‐melting the brass scrap or melting 
stoichiometric amounts of copper and zinc together.  On the other hand, bronze is 
produced by melting copper and adding the desired amounts of tin, zinc, and other 
substances. 
 
2.8.1 Determination of Activity Rates 
 
During the survey for foundries, one potential establishment indicated that it 
utilizes a bronze reverberatory furnace.  Confirmation was then secured that it 
actually produces brass and bronze and the establishment was eventually 
surveyed.  Results of the survey showed that the lone brass foundry produced 11 
tons of brass and bronze in 2010. 
 
2.8.2 Estimation of Releases 
 
Releases from this category are classified based on the type of feed material, feed 
material pre-treatment steps (de-oiling of turnings), type of furnace, and APCS 
used.  Results of the survey showed that the brass foundry refines a combination of 
clean and contaminated feed materials in a diesel-fired reverberatory furnace, does 
not de-oil turnings, and applies cyclone and wet scrubber as APCS.  As such, the 
establishment was assigned as Class 2, with estimated air emissions of 0.0001 g 
TEQ/a; using the factor 10 µg TEQ/ton of brass/bronze produced. 
 
2.8.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: High 

 
The activity statistics were assigned a „medium‟ certainty ranking because they 
were based on a limited industry survey and the total population identified was 
considered to “officially” consist of the true population.  It is also assumed that 
majority of the brass and bronze ingots used in the country are imported.  On the 
other hand, the class assignment was given a „high‟ certainty ranking because 
information on the process and APCS were all obtained from the surveyed 
establishment. 

 
2.9 CATEGORY 2I: MAGNESIUM PRODUCTION 
 
Magnesium production is largely based on either electrolysis of magnesium chloride 
or chemical reduction of oxidized magnesium compounds.  It can also be recovered 

and produced from a variety of magnesium‐containing secondary raw materials. 
 
The identification of establishments potentially producing magnesium from ores 
was based on SMRs, consultation with EMB ROs and MIRDC, and PEZA's list of 
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locators.  Results of the data collection process showed that there are no 
magnesium producing establishments in the country. 
 
2.10 CATEGORY 2J: THERMAL NON-FERROUS METAL PRODUCTION 
 

A variety of processes are undertaken to produce and refine non‐ferrous metals, 
which include cadmium, precious metals, chromium, nickel, ferro‐alloys, alkali 
metals, etc.  The exact processes used and the propensity to form PCDD/PCDF are 
complex and not studied in detail.  It is important not to miss potentially significant 
PCDD/PCDF sources simply because data are insufficient to provide 
comprehensive emissions factors.  Therefore, to provide an initial indication of 

potential releases, it is suggested that processes in non‐ferrous metal production 
are examined (UNEP, 2012). 
 
2.10.1 Determination of Activity Rates 
 

Lists of establishments potentially producing other non-ferrous metals were sought 
from EMB ROs, MGB, MIRDC, and PEZA.  Five establishments were identified to be 
potential producers.  Of these, only one establishment was confirmed to produce 
tin; while the rest were excluded since they employ downstream operations or 
hydrometallurgical processing.  Results of the survey showed that the lone 
establishment produced 931 tons of tin in 2010. 
 
2.10.2 Estimation of Releases 
 
Releases from this category are classified based on the type of feed material (clean 
or contaminated) and APCS used.  Results of the survey showed that the tin 
producing establishment uses clean scrap with bag filters as APCS.  As such, Class 
2 was assigned with estimated air emissions of 0.002 g TEQ/a; using the factor 2 
µg TEQ/ton of tin produced. 
 
2.10.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: High 

 
The activity statistics were assigned a „medium‟ certainty ranking.  Although the 
activity rate is complete for one identified source, there is uncertainty in the true 
population.  On the other hand, the class assignment was given a „high‟ certainty 
ranking because information on the type of feed material and APCS used were 
obtained from the surveyed establishment. 
 
2.11 CATEGORY 2K: SHREDDERS 
 
Shredders refer to large scale automated machines, which are equipped inside with 

one or more anvils or breaker bars and lined with alloy steel wear plates.  
Shredders referred to under Category 2k are those that are used for automobiles, 
light scrap such as bicycles, office furniture, vending machines, “white” goods (e.g., 
refrigerators, stoves, washing machines) and “brown” goods (e.g., television sets, 
radios).  The data available indicate that PCDD/PCDF and polychlorinated 
biphenyls (PCBs) released from shredder plants are not produced within the 
process, but are from industrial/intentional PCB production and have been 
introduced with oils, dielectric fluids, etc. contained in such vehicles or consumer 
goods (UNEP, 2012). 
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Potential data sources to confirm the existence of this type of shredders in the 
Philippines were identified.  These include EMB's List of Registered TSD Facilities 
for hazardous wastes, inquiry from NSWMC, list of scrap metal dealers from Linis 
Ganda, and the Solid Waste Management Association of the Philippines.  After 
exhausting these data sources, it was established that no such type of shredders 
exist in the Philippines. 
 
2.12 CATEGORY 2L: THERMAL WIRE RECLAMATION AND E-WASTE RECYCLING 
 
Thermal wire reclamation involves the burning of insulating material in cable, 
usually scrap wires, to recover copper.  In this process, all ingredients to form 
PCDD/PCDF are present: carbon (sheath), chlorine (PVC or mould resistant 
agents), and a catalyst (copper).  This is considered an illegal operation in the 
Philippines and as such, data acquisition as to the extent of this practice is difficult 
and no specific data was obtained. 

 
For e-waste recyclers, EMB's List of Registered TSD Facilities for hazardous wastes 
and the NSWMC were considered as data sources to confirm whether such 
establishments exist in the Philippines.  From these data sources, it was confirmed 
that no e-waste recyclers operate in the country.  The current waste management 
for e-wastes is disposal through material recovery facilities, landfills, and/or 
controlled dumpsites. 
 
2.13 GROUP 2 SUMMARY 
 
The PCDD/PCDF Inventory for Group 2 is summarized in Table 8.  Total releases 
were estimated at over 31 g TEQ/a, with more than half coming from iron ore 
sintering, while more than a quarter came from iron and steel production plants 
and foundries.  These were then followed by releases from lead and aluminum 
production; while the rest were quite negligible. 
 
All estimates were deemed to have a medium or high degree of certainty, as the 
required data to conduct the inventory were obtained from the majority or all 
identified sources. 
 

Table 8. Summary of PCDD/PCDF Inventory for Group 2 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a Iron ore sintering 17.896 57.18% High High 

b Coke production 0.282 0.90% Medium Medium 

c Iron and steel 

production and 

foundries 

8.325 26.60% Medium Medium 

d Copper production 0.088 0.28% High High 

e Aluminum production 2.337 7.47% Medium High 

f Lead production 2.368 7.57% Medium High 

h Brass and bronze 

production 

0.0001 0.0003% Medium High 

j Thermal and non-
ferrous metal 

production 

0.002 0.01% Medium High 

Total 31.298 100%   
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3. GROUP 3: POWER GENERATION AND HEATING 

 
Power generation and heating, as discussed in the UNEP Toolkit, refers to any 
installation that is used mainly for the production of power (electricity) and/or 
heat.  This includes power stations, industrial firing places (furnaces), and 
installations for providing space heating, which are fired with fossil fuels, biogas, or 
biomass. 
 
PCDD/PCDF releases for Group 3 are largely attributed to poor combustion 
conditions, with significant releases manifested in the air and residue.  Releases to 
land may also occur but this is only when the residues (ash) are disposed onto the 
land or if the combustion process takes place on the ground.  The categories under 
this group are presented in Table 9 with their corresponding potential release 
routes of PCDD/PCDF. 
 

Table 9. Categories of Group 3: Power Generation and Heating 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Fossil fuel power plants X    X 

b Biomass power plants X    X 

c Landfill, biogas combustion X    X 

d Household heating and cooking with 

biomass 

X  (x)  X 

e Household heating and cooking with 
fossil fuels 

X  (x)  X 

Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 
In 2010, the Philippines had a total installed electricity capacity of 16,359 
megawatt-hours.  Its power requirements were sourced from coal, hydro, oil, and 
natural gas power plants.  In addition, a small amount of electricity (0.45%) was 
supplied from renewable sources (wind/solar/biomass), which was a significant 
increase (by 25 percent) in previous years. 
 
Based on the Energy Balance Table (EBT) published by the Department of Energy 
(DOE), the total primary energy supply (TPEC) in 2010 was 39,742 kilotons of oil 
equivalent (kTOE).  Of this energy supply, 58.9 percent was contributed by 
indigenous sources and the remainder was mainly imported.  Total final energy 
consumption (TFEC) amounted to 23,756 kTOE.  The transport sector contributed 
33.8 percent, followed by the industrial and residential sectors with 26.8 and 25.8 
percent, respectively, and with the remainder contributed by the commercial and 
agricultural sectors.  The difference between TPEC and TFEC is due to the fuel 
used for electricity generation. 
 
For household heating and cooking, the TFEC in 2010 was 6,125 kTOE.  Biomass 
consumption topped the list at 58.4 percent, followed by electricity at 26.4 percent.  

Consumption of fossil fuel was relatively low with liquefied petroleum gas (LPG) and 
kerosene at 13.1 and 2.1 percent respectively.  The main contributor for biomass 
consumption was fuel wood (2,788 kTOE), followed by charcoal (560 kTOE) and 
agricultural wastes (227 kTOE). 
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3.1 CATEGORY 3A: FOSSIL FUEL POWER PLANTS 
 
Power plants included in this category have boilers that require fossil fuel to 
generate steam that in turn is utilized to produce heat or power (electricity).  Based 
on the UNEP Toolkit, this category is subdivided into six classes, namely: 
 

 Class 1 - Fossil fuel and waste co-fired power boilers 

 Class 2 - Coal fired power boilers 

 Class 3 - Peat fired power boilers 

 Class 4 - Heavy fuel fired power boilers 

 Class 5 - Shale oil fired power boilers 

 Class 6 - Light oil and natural gas fired power boilers 
 
The essential step before determining the activity rate for each class is identifying 
which of the aforementioned plants exist in the Philippines.  Based on the data 

provided by DOE and the Energy Regulatory Commission (ERC), only Classes 2, 4, 
and 6 exist in the country. 
 
3.1.1 Determination of Activity Rates 
 
Coal consumption in 2010 was obtained from the 2011 PSY, which provided the 
coal consumption for cement (3,112,124 tons), power generation (9,643,067 tons), 
and industrial/direct processes (550,838 tons) sector.  Total coal consumption for 
this category only includes that of the power generation and industrial/direct 
processes sector; while the coal consumption for cement was accounted for in 
Category 4a: Cement Production.  Surveys on coal calorific value [5,620 
kilocalories/kilogram (kcal/kg)] from three coal fired power plants3 and standard 
conversion factors were then used to convert the coal consumption in tons to 
terajoules (TJ); with a result of 239,700 TJ. 
 
As for heavy fuel oil (HFO) fired power boilers, it was established that only one HFO 
fired thermal power plant exists in the country.  The said plant was surveyed to get 
the total HFO consumption (278,845 tons) in 2010 and the fuel's calorific value 
[42.55 megajouoles (MJ)/kg], resulting in a total energy consumption of 11,865 TJ.  
Based on DOE's Petroleum Product Consumption statistics, 17,901 thousand 
barrels (MBarrels) of HFO was consumed in 2010, which is equivalent to 2,760,701 
tons using a standard conversion factor (0.1589873 m3/barrel) and the density of 
HFO (0.97 tons/m3).  Thus, this thermal power plant accounts for 10.1 percent of 
the total HFO consumption. 
 
Aside from usage in power plants, HFO is also used as fuel for heating and power 
applications as well as for propulsion of marine vessels.  The latter application 
makes use of HFO as fuel for large compression ignition engines which are 
accounted under Group 5: Transport.  According to DOE's EBT, HFO consumption 
for other heating and power applications amounts to 1,809 kTOE, which is 
equivalent to 83,789 TJ using HFO's energy factor (0.000908 kTOE/m3), density 
(970 kg/m3), and calorific value (43.38 MJ/kg). 
 
 

                                           
3 Coal calorific values were obtained from the coal fired power plants located in Pangasinan, Quezon, 
and Cebu. 
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2010 LPG consumption (279.9 kTOE) for power boilers was also obtained from 
DOE's EBT while the 2010 natural gas consumption [124,968,000,000 cubic feet 
(ft3)] was obtained from the natural gas production and consumption statistics 
prepared by the Natural Gas Management Division of DOE.  In addition, calorific 
values (49.265 MJ/kg for LPG and 48 MJ/kg for natural gas) were obtained from 
DOE, giving a total energy consumption of 148,726 TJ. 
 
3.1.2 Estimation of Releases 
 
Releases for this category are estimated based on the fossil fuel type used in 
boilers.  The estimated releases for this category amount to 2.711 g TEQ/a to air 
and 3.356 g TEQ/a to residues.  Releases for each class are summarized in Table 
10. 
 

Table 10. Estimated Releases from Fossil Fuel Power Plants 

Class 

No. 
Class Description 

2010 Fuel 

Consumption 

(TJ) 

Release Factors 

(µg TEQ/TJ) 

2010 Releases 

(g TEQ/a) 

Air Residue Air Residue 

2 Coal fired power boilers 239,700 10 14 2.397 3.356 

4 Heavy fuel fired power boilers 95,654 2.5 ND 0.239 ND 

6 Light fuel oil and natural gas 

fired power boilers 

148,726 0.5 ND 0.074 ND 

Total 484,080   2.710 3.356 

 
3.1.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking since national energy 
statistics were used for Class 2 and Class 6, while Class 4 was based on a 
combination of company-specific data for 2010 and national energy statistics.  The 
class assignment was also given a 'high' certainty ranking since classifications were 
straightforward. 
 
3.2 CATEGORY 3B: BIOMASS POWER PLANTS 
 
Power plants included in this category have boilers that require biomass fuel to 
generate steam that in turn is utilized to produce heat or power (electricity).  Based 
on the UNEP Toolkit, this category is subdivided into four classes, namely: 
 

 Class 1 - Mixed biomass fired power boilers 

 Class 2 - Clean wood fired power boilers 

 Class 3 - Straw fired power boilers 

 Class 4 - Boiler fired with bagasse, rice husks, etc. 
 
Among the four classes, clean wood fired power boilers as well as boilers fired with 
bagasse, rice hulls, and agricultural wastes were established to exist in the 
country. 
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3.2.1 Determination of Activity Rates 

 
Activity rates for boilers fired with fuel wood, charcoal, rice hulls, and agricultural 
wastes were obtained from DOE's EBT.  For bagasse fired boilers, activity rate was 
obtained from the Sugar Regulatory Administration (SRA).  All conversion factors 
and calorific values were obtained from DOE.  Details are presented in Table 11. 
 
Table 11. Basis for Determining the Activity Rates for Biomass Power Plants 

Biomass 
Activity Rate 

(kTOE) 
Energy Factor 

(kTOE/ton) 
Calorific Value 

(GJ/ton) 
Activity Rate 

(TJ) 
Fuel wood 315.27 0.00032906 15.23 14,592 
Charcoal 151.75 0.00066468 27.82 6,352 
Bagasse 5,663,037 tons 17.81 100,859 
Rice hull 51.06 0.00034539 14.46 2,138 
Agricultural wastes 364.20 0.00032906 13.77 15,241 

 
3.2.2 Estimation of Releases 
 
Releases for this category are estimated based on the type of biomass used in 
boilers.  Boilers fed with fuel wood or charcoal were assigned as Class 2; while 
those fed with bagasse, rice hull, or agricultural wastes were assigned as Class 4.  
The estimated releases for this category amount to 6.959 g TEQ/a to air and 6.226 
g TEQ/a to residues.  Releases for each class are summarized in Table 12. 
 

Table 12. Estimated Releases from Biomass Power Plants 

Class 

No. 
Class Description 

2010 Fuel 

Consumption 

(TJ) 

Release Factors 

(µg TEQ/TJ) 

2010 Releases 

(g TEQ/a) 

Air Residue Air Residue 

2 Clean wood fired power 
boilers 

20,943 50 15 1.047 0.314 

4 Boilers fired with bagasse, 

rice husk etc. 

118,237 50 50 5.912 5.912 

Total 139,180   6.959 6.226 

 
3.2.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: High 

 
Except for bagasse-fired boilers, the activity rates for the rest of the biomass power 
plants were taken from DOE's EBT, which are projected values from the Biomass 
Atlas of the Philippines, a joint United States Agency for International 
Development-National Renewable Energy Laboratory-University of the Philippines-
Los Baños-funded Project completed in 1998.  Cross-checking of these projected 
values was undertaken through collection and analysis of data from SMRs of 
establishments that disclosed the use of biomass as fuel for their boilers.  However, 

the SMRs are specific to individual sources and could not be used to estimate the 
required sector-wide activity rates.  Projections from DOE's EBT were considered to 
be more expedient, and still reasonably valid, considering that these values are 
used in the Philippine Energy Plan. 
 
In view of the above, the activity statistics were assigned a „low‟ certainty ranking.  
On the other hand, the class assignment was given a 'high' certainty ranking since 
classifications were straightforward. 
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3.3 CATEGORY 3C: LANDFILL BIOGAS COMBUSTION 
 
This category involves the combustion of biogas generated from anaerobic digestion 
of organic matter by means of flares, gas motors or turbines, and other power 
generating devices. 
 
3.3.1 Determination of Activity Rates 
 
Three biogas sources were identified for this category.  These are biogas from 
sanitary landfills, animal wastes, and alcohol distilleries.  Data collection for the 
activity rates of these sources are detailed in the succeeding subsections. 
 
3.3.1.1 Sanitary Landfills 
 
In 2010, there were two landfills with the capability of using biogas for power 

generation.  Both were surveyed to get the amount of biogas burned and its 
corresponding calorific value.  Details are presented in Table 13. 
 

Table 13. Basis for Determining the Activity Rate for Biogas from Sanitary 
Landfills 

Landfill Activity Rate Calorific Value Activity Rate (TJ) 
A 10,219,501 m3 17.158 MJ/m3 175.35 
B 13,420 tons 14.952 MJ/kg 200.66 

Total   376.01 

 
3.3.1.2 Animal Wastes 

 
Activity rate for biogas from animal wastes was obtained from DOE's EBT.  For 
2010, 18.21 kTOE of animal wastes was the projected industrial usage.  This is 
equivalent to 762 TJ, using appropriate conversion factors (0.000516 kTOE/ton 
and 21.6 GJ/ton for animal waste) provided by DOE. 
 
3.3.1.3 Alcohol Distilleries 

 
In 2010, there were six distilleries with the capability of using biogas for power 
generation.  Only half responded in the survey and data had to be extrapolated to 
represent national data using the approach described in Section 4.3.2, Part I of this 
Inventory.  The extrapolated activity rate resulted in a total of 35,189,608 m3 of 
biogas.  Using the calorific value of 3,000 kcal/m3 as provided by one distillery and 
a standard conversion factor (4.184 kilojoules/kcal); this is equivalent to 442 TJ of 
biogas, with corresponding 90 percent confidence intervals of 291 TJ (lower bound) 
and 1,077 TJ (upper bound). 
 
3.3.2 Estimation of Releases 

 
Releases for this category are all accounted in one class with an air emission factor 
of 8 µg TEQ/TJ.  Using the total activity rate of 1,580 TJ for biogas from sanitary 
landfills, animal wastes, and alcohol distilleries; total estimated release is 0.013 g 
TEQ/a. 
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3.3.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: High 

 
The activity rates required for biogas combustion came from survey, except for 
biogas from animal wastes; which are projected values as expressed in DOE's EBT, 
similar to biomass power plants as discussed in Section 3.2, Part II of this 
Inventory.  Only 50 percent of alcohol distilleries responded and data had to be 
extrapolated to represent the national data.  For landfill biogas, results were 
obtained from all expected respondents. 
 
Considering these scenarios, the overall activity statistic for this category is ranked 
as "medium".  However, the class assignment was given a 'high' certainty ranking 
since there is only one classification for biogas combustion. 

 
3.4 CATEGORY 3D: HOUSEHOLD HEATING AND COOKING WITH BIOMASS 
 
Heating and cooking with biomass in residential households is a common practice 
in many countries.  In most cases, the fuel of preference is wood, but other biomass 
fuels may be also used.  Six individual classes are defined within this category, 
with the main difference being the quality of the fuel and the appliances used 
(UNEP, 2012).  The six classes are as follows: 
 

 Class 1 - Contaminated biomass fired stoves 

 Class 2 - Virgin biomass fired stoves 

 Class 3 - Straw fired stoves 

 Class 4 - Charcoal fired stoves 

 Class 5 - Open-fire (3-stone) stoves (virgin wood) 

 Class 6 - Simple stoves (virgin wood) 
 
Among the six classes, only Classes 4 and 5 were established to exist in the 
country. 
 
3.4.1 Determination of Activity Rates 
 
Upon consultation with DOE, it was suggested that data from the EBT be used for 
Category 3d.  As such, household consumption of fuel wood, charcoal, and 
agricultural wastes for heating and cooking was obtained.  However, it should be 
noted that residential biomass data from DOE's EBT are projected data from the 
2004 Household Energy Consumption Survey (HECS). 
 
Another activity rate for this category is the amount of ash generated.  This was 
estimated using the fuel consumption and its corresponding ash content factor4. 
 
Details in computing the activity rates for biomass fuel consumption and ash 
generation are presented in Table 14. 
  

                                           
4 Ash content factors were taken from Perry's Chemical Engineer's Handbook, Seventh Edition or from 
www.biofuelsb2b.com. 
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Table 14. Basis for Determining the Activity Rates for Household Heating and 

Cooking with Biomass 

Biomass 

Fuel Consumption Activity Rate Ash Generation Activity Rate 
Fuel 

Consumption 
in kTOE 

Energy 
Factor 

(kTOE/ton) 

Calorific 
Value 

(GJ/ton) 

Fuel 
Consumption 

in TJ 

Fuel 
Consumption 

in tons 

Ash 
Content 

(%) 

Ash 
Generated 

(tons) 
Fuel wood 2,788.11 0.00032906 15.23 129,043 8,472,979 1% 84,730 
Charcoal 560.02 0.00066468 27.82 23,439 689,783 8% 55,183 
Agricultural 
wastes 

226.98 0.00032906 13.77 9,498 842,541 2.5% 21,064 

Total 3,575.11   161,980 10,005,303  160,977 

 
3.4.2 Estimation of Releases 
 
Based on the UNEP Toolkit, releases for this category can be classified according to 
fuel type or stove combustion conditions.  Based on available references, biomass is 
typically burned in traditional clay stoves in the Philippines that are not equipped 
with controlled air supply or APCS, and operate under poor combustion conditions.  
These stoves are similar to the open-fire 3-stone stoves described in the Toolkit.  As 
such, activity rates for fuel wood and agricultural wastes were assigned as Class 5; 
while charcoal was assigned to charcoal fired stoves (Class 4).  The estimated 
releases for this category amount to 5.115 g TEQ/a to air and 0.016 g TEQ/a to 
residues.  Estimated releases for each class are summarized in Table 15. 
 

Table 15. Estimated Releases from Household Heating and Cooking with 
Biomass 

Class 
No. 

Class 
Description 

2010 Emissions from Fuel Consumption 2010 Releases from Ash Generated 

Fuel 
Consumption 

(TJ) 

Air Emission 
Factor 

(µg TEQ/TJ) 

2010 Air 
Emissions 
(g TEQ/a) 

2010 Ash 
Generation 

(tons) 

Residue 
Release 
Factor 

(µg TEQ/TJ) 

2010 
Residue 
Releases 

(g TEQ/a) 

4 Charcoal 
fired stoves 

23,439 100 2.344 21,064 0.1 0.002 

5 Open-fire 3-
stone stoves 
(virgin wood) 

138,542 20 2.771 139,912 0.1 0.014 

Total 161,981  5.115 160,976  0.016 

 
3.4.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: Medium 

 

The activity statistics were assigned a „low‟ certainty ranking.  Although the activity 
rates were based on national energy statistics, these are projected data from the 
2004 HECS.  On the other hand, the class assignment was given a 'medium' 
certainty ranking since the classification for charcoal was straightforward; while 

those for fuel wood and agricultural wastes were based on available references on 
the combustion conditions and typical household stoves in the Philippines. 
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3.5 CATEGORY 3E: HOUSEHOLD HEATING AND COOKING WITH FOSSIL FUELS 

 
Fossil fuels are used extensively for domestic heating.  Coal, (light fuel) oil, and 
(natural) gas are the main sources of fossil fuel used for domestic heating in most 
countries.  Similar to Category 3d, six individual classes are defined within this 
category, with the main difference being the quality of the fuel and the appliances 
used.  The six classes are as follows: 
 

 Class 1 - High chlorine coal/waste/biomass fired stoves 

 Class 2 - Coal/waste biomass co-fired stoves 

 Class 3 - Coal fired stoves 

 Class 4 - Peat fired stoves 

 Class 5 - Oil fired stoves 

 Class 6 - Natural Gas fired stoves 
 
Among the six classes, only Classes 5 and 6 were established to exist in the 

country. 
 
3.5.1 Determination of Activity Rates 
 
Kerosene and LPG were determined to be the fossil fuels used for household 
cooking and heating in the Philippines.  Consumption rates were obtained from 
DOE as well as their corresponding densities and calorific values.  Details are 
presented in Table 16. 
 
Table 16. Basis for Determining the Activity Rates for Household Heating and 

Cooking with Fossil Fuels 

Fuel 

Activity 

Rate 
(kTOE) 

Energy 

Factor 
(kTOE/m3) 

Density 
(kg/m3) 

Calorific Value 
(MJ/kg) 

Activity 
Rate (TJ) 

Kerosene 127.16 0.000799 810 46.055 5,983 

LPG 803.10 0.000579 540 49.265 36,841 

Total 930.26    42,824 

 
3.5.2 Estimation of Releases 
 
Releases for this category are based on the type of fossil fuel used for household 
consumption.  Based on the UNEP Toolkit, kerosene (a light fuel oil) is under Class 
5; while LPG is under Class 6.  The estimated air emissions from this category 
amount to 0.115 g TEQ/a.  Releases for each class are summarized in Table 17. 
 

Table 17. Estimated Releases from Household Heating and Cooking with 
Fossil Fuel 

Class 

No. 
Class Description 

2010 Fuel 
Consumption 

(TJ) 

Air Emission 
Factor 

(µg TEQ/TJ) 

2010 Air 
Emissions 

(g TEQ/a) 

5 Oil fired stoves 5,938 10 0.059 

6 Natural gas fired 

stoves 

36,841 1.5 0.055 

Total 42,779  0.114 
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3.5.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking since national energy 
statistics were used.  The class assignment was also given a 'high' certainty ranking 
since classifications were straightforward. 
 
3.6 GROUP 3 SUMMARY 
 
The PCDD/PCDF Inventory for Group 3 is summarized in Table 18.  Total releases 
were estimated at 24.51 g TEQ/a; with more than half coming from biomass power 
plants, almost a quarter each coming from fossil fuel power plants and household 
heating and cooking with biomass, while the rest are quite negligible. 

 
Class assignments were deemed to have medium or high degrees of certainty.  Only 
household heating and cooking with biomass were considered medium since 
classification was based on available references on the combustion conditions and 
typical household stoves in the Philippines; while the rest were straightforward. 
 
On the other hand, ranking of activity rates vary; with biomass-associated activity 
rates having low certainty because these are projected data from the Biomass Atlas 
of the Philippines in 1998 or from the 2004 HECS.  As for biogas combustion, the 
activity rate was considered with medium certainty since data from alcohol 
distilleries had to be extrapolated.  Lastly, fossil fuel-associated activity rates were 
considered to have high certainty since national energy statistics for 2010 were 
used. 
 

Table 18. Summary of PCDD/PCDF Inventory for Group 3 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a Fossil fuel power 
plants 

6.066 24.75% High High 

b Biomass power 

plants 

13.185 53.80% Low High 

c Landfill biogas 

combustion 

0.013 0.05% Medium High 

d Household heating 

and cooking with 

biomass 

5.131 20.93% Low Medium 

e Household heating 
and cooking with 

fossil fuels 

0.115 0.47% High High 

Total 24.510 100%   
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4. GROUP 4: MINERAL PRODUCTS 

 
The production of mineral products is more explicitly defined as the transformation 
of nonmetallic minerals (e.g., limestone, clay, and silica) into finished goods.  These 
minerals may either be processed solely or in combination with other nonmetallic 
minerals to produce a variety of synthetic products such as cement, bricks, 
ceramics, lime, and asphalt (bitumen).  Nonmetallic mineral products are largely 
used in the construction industry as well as in decorative items and tableware. 
 
Similar to the metals industry, the minerals industry employs high-temperature 
processes involving organics, chorine-containing raw materials, and fuels that may 
lead to a high probability of PCDD/PCDF formation.  However, because it is largely 
characterized by long residence times in kilns, emissions are relatively low. 
 
The categories under Group 4 are presented in Table 19 along with their potential 
release routes of PCDD/PCDF.  As presented, the main release route of 

PCDD/PCDF is to the air, via discharges of flue gas.  In addition, traces of releases 
remain in the residues especially when the dust from the APCS is not recycled into 
the kiln. 
 

Table 19. Categories of Group 4: Mineral Products 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Cement production X    X 

b Lime production X    X 

c Brick production X    X 

d Glass production X    X 

e Ceramics production X    X 

f Asphalt mixing X   X X 

g Oil shale pyrolysis X    X 
Note: X - Release route is expected to be predominant 

 
Based on MGB‟s profile on the country‟s nonmetallic mines, the Philippines 
contains deposits of limestone, shale, clay, sand, and gravel.  According to the 
Department of Trade and Industry (DTI), the most significant use of minerals 
(mainly limestone) is in cement production; which contributed to 1.6 percent of the 
Gross Domestic Product in 2010. 
 
Aside from cement production, the country‟s abundance in limestone also gave rise 
to the establishment of lime manufacturing plants.  Local users of lime include iron 
and steel plants, the construction and building industry, sugar millers, and water 
and flue gas treaters. 
 
Another mineral industry is the manufacture of asphalt mix.  Asphalt mix, or 
sometimes called hot mix, is the combination of liquid asphalt, aggregates, sand, 
and other fillers.  It is widely used in the construction industry, specifically in 
roads.  Cement and asphalt batching plants in the Philippines are accredited by the 
same agency – Department of Public Works and Highways (DPWH). 
 
The country also contains silica deposits from which the main raw material for 
glass production is acquired.  As with other nonmetallic mineral products, the 
major consumer of glass products in the Philippines is the construction and 
building industry.  Another local consumer of glass is the beverage industry, which 
utilizes the mineral product for their beverage containers. 
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Also contributing to the nonmetallic mineral industry in the Philippines is the 
manufacture of ceramic products.  The chief material in ceramics production is 
clay, which abounds in Northern and Southern Luzon according to MGB.  Majority 
of the ceramics produced locally are in the form of tiles that are used largely in the 
construction and building industry. 
 
The five aforementioned industries – cement, lime, asphalt, glass, and ceramics –
consist of medium- to large-scale establishments which are characterized by 
traditional and well-established manufacturing plants.  By comparison, the brick 
industry consists of transient establishments possibly due to declining demand and 
competition with imported counterparts. 
 
Of the seven categories under Group 4, it was established that only oil shale 
processing does not exist in the Philippines.  Details are discussed in the 
succeeding subsections including the verification process to establish the presence 
or absence of source categories under this group. 

 
4.1 CATEGORY 4A: CEMENT PRODUCTION 
 
There are four main process routes for the manufacture of cement.  These are: dry, 

semi‐dry, semi‐wet, and wet processes.  Typical fuels used are coal, oil, or gas.  In 
many cases, a variety of alternative fuels derived from high calorific wastes are also 
used to supplement the fossil fuel.  The wastes may include: waste oils, solvents, 
animal meals, certain industrial wastes, and in some cases hazardous wastes.  
Most of these will be fired at the burner (hot) end of the kiln (UNEP, 2012). 
 
4.1.1 Determination of Activity Rates 
 
Assistance from the Cement Manufacturers‟ Association of the Philippines (CEMAP) 
was requested as it is the main organization for cement plants in the country.  
Using CEMAP's Annual Cement Industry Report, information on the 2010 cement 
production (15,900,000 tons) in the country was obtained. 
 
4.1.2 Estimation of Releases 
 
Releases from this category are classified based on the type of process used and the 
operating temperatures of the dust collectors.  In getting this information, an 
industry expert from CEMAP as well as from the cement industry was consulted.  
Upon consultation, it was noted that cement plants in the country utilize dry kilns 
with APCS operating temperature ranging from 100 to 250oC. 
 
Based on the UNEP Toolkit, dry kilns with APCS operating temperature less than 
200oC are assigned as Class 4.  However, since the operating temperature of the 
APCS is higher than the 200°C limit, Class 3 was assigned; resulting to air 
emissions of 9.54 g TEQ/a using the factor 0.6 µg TEQ/ton of cement produced. 
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4.1.3 Certainty Ranking 

 
Activity statistics: High 
Class assignment: Medium 

 
The activity statistics were assigned a „high‟ certainty ranking since national 
statistics for 2010 were used as provided by CEMAP.  On the other hand, the class 
assignment was given a 'medium' certainty ranking since cement plants were not 
surveyed and information on the process used and the operating temperatures of 
the dust collectors were based on expert judgment. 
 
4.2 CATEGORY 4B: LIME PRODUCTION 
 
Lime is used in a wide range of products.  Major users of lime are the steel 
industry, construction, pulp, and sugar industries.  Lime making consists of the 
burning of calcium and/or magnesium carbonate at a temperature between 900 

and 1,500°C.  The calcium oxide product from the kiln is generally crushed, milled, 
and/or screened before being conveyed into a silo.  The burned lime is either 
delivered to the end user in the form of quicklime or reacted with water in a 
hydrating plant to produce hydrated lime or slaked lime (UNEP, 2012). 
 

Different fuels ‐ solid, liquid, or gaseous ‐ are used in lime burning.  Most of the 
kilns are either shaft or rotary design, and are characterized by the counter-current 
flow of solids and gases (UNEP, 2012). 
 
4.2.1 Determination of Activity Rates 
 
Using information from DTI and from the SMRs, six potential lime producers were 
identified.  Upon verification, one was identified as a limestone manufacturer; 
which is not relevant for this Inventory and two were verified to be non-operational 
in 2010. 
 
Coordination with sugar millers was also conducted since sugar millers are primary 
local consumers of lime.  This resulted in another two lime producers being added 
to the list. 
 
The five lime producers were eventually surveyed; of which three responded.  
Results of the survey showed that one lime producer operates on a very small scale 
compared to the other two (6,449 tons and 25,196 tons); hence, was considered as 
an outlier and not considered in the extrapolation.  In addition, normal distribution 
was used instead of lognormal due to the limited number of samples.  The 
extrapolated activity rate was 63,356 tons of lime produced in 2010, with 
corresponding 90 percent confidence intervals of 31,710 tons (lower bound) and 
181,717 tons (upper bound). 
 
4.2.2 Estimation of Releases 
 
Releases from this category are classified based on the type of fuel and APCS used.  
Results of the survey showed that two lime producers use bunker fuel as well as 
having APCS (cyclone and/or EP); thus, were assigned as Class 2.  The other lime 
producer uses firewood and does not have APCS; hence, was assigned as Class 1.  
The estimated air emissions for this category amount to 0.005 g TEQ/a.  Table 20 
details the releases. 
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Table 20. Estimated Releases from Lime Production 

Class 
No. 

Class Description 

2010 

Production 
(tons) 

Air Emission 

Factor 
(µg TEQ/ton) 

2010 Air 

Emissions 
(g TEQ/a) 

1 No dust control or contaminated, poor 

fuels 

130 10 0.001 

2 Lime production using dust 

abatement 

63,226 0.07 0.004 

Total 63,356  0.005 

 
4.2.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking.  Although information 
was derived from 60 percent of the population and was extrapolated to estimate 
data on the national level, there is uncertainty in determining the true population.  
It should be noted that the total population identified through information from 
DTI, the sugar millers, and from the SMRs was considered to “officially” consist of 
the total population. 
 
On the other hand, the class assignment was given a „medium‟ certainty ranking.  
Although information on the type of fuel and APCS used was obtained from the 
respondents; there is some uncertainty in classifying establishments that did not 
respond. 
 
4.3 CATEGORY 4C: BRICK PRODUCTION 
 
Brick producers in the Philippines consist of cottage industries, which are generally 
not registered with EMB.  They often use biomass fuel (e.g., wood and rice hull), 
while some use fossil fuel. 
 
4.3.1 Determination of Activity Rates 
 
A list of establishments potentially producing bricks was generated through 
coordination with DTI and doing an internet search.  Through this process, 52 
potential brick producers were identified and surveyed.  Unfortunately, only six 
responded to the survey.  As such, surveyed data were extrapolated to represent 
national data using the approach described in Section 4.3.2, Part I of this 
Inventory.  The extrapolated activity rate gave a result of 4,530 tons of bricks 
produced in 2010, with corresponding 90 percent confidence intervals of 3,288 
tons (lower bound) and 48,675 (upper bound). 
 
4.3.2 Estimation of Releases 

 
Releases from this category are classified based on the type of fuel and APCS used.  
Results of the survey showed that all brick producers use clean fuel (wood, rice 
hull, or LPG), and only one use APCS (wet scrubber).  Based on the UNEP Toolkit, 
brick producers who use clean fuel are assigned as Class 2 even without APCS.  As 
such, all brick producers were assigned as Class 2 with estimated releases of 
0.0001 g TEQ/a to air, 0.00003 g TEQ/a in the product, and 0.00001 g TEQ/a to 
residues; using the factors 0.02 µg TEQ/ton, 0.006 µg TEQ/ton, and 0.002 µg 
TEQ/ton of bricks produced. 
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4.3.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking because information 
was derived from less than 21 percent of the population and was extrapolated to 
estimate data on the national level.  In addition, since there is uncertainty in the 
determination of the true population, the total population identified through 
coordination with DTI and an internet search was considered to “officially” consist 
of the total population. 
 
On the other hand, the class assignment was given a „medium‟ certainty ranking.  
Although information on the type of fuel and APCS used was obtained from all six 
respondents; there is some uncertainty in classifying establishments that did not 

respond. 
 
4.4 CATEGORY 4D: GLASS PRODUCTION 
 
Furnaces used for glass manufacture may be continuously or intermittently 
operated (UNEP, 2012).  Typical fuels are oil and gas.  The raw materials are 
principally sand, limestone, dolomite, soda, and in some cases recycled glass.  In 
addition, a wide range of other materials may be used to achieve desired properties 
such as color, clarity, and for purification.  Chlorinated and fluorinated compounds 
may be added.  In some modern glass furnaces, gases are cleaned with sorbents 
and EPs or fabric filters. 
 
4.4.1 Determination of Activity Rates 
 
A list of establishments potentially producing glass was generated from the SMRs 
collected during the regional data gathering due to the absence of national 
statistics.  Through this process, nine potential glass producing plants were 
identified and surveyed.  Seven of these plants responded and data obtained were 
extrapolated to represent national data using the approach described in Section 
4.3.2, Part I of this Inventory.  The extrapolated activity rate gave a result of 
694,148 tons of glass produced in 2010, with corresponding 90 percent confidence 
intervals of 643,452 tons (lower bound) and 775,415 tons (upper bound). 
 
4.4.2 Estimation of Releases 
 
Releases from this category are classified based on the type of fuel and APCS used.  
Results of the survey showed that most glass producers use HFO, bunker, or 
diesel; and only two use APCS (bag filter or EPs).  Based on the UNEP Toolkit, glass 
producers with APCS are assigned as Class 2; while those without APCS are 

assigned as Class 1.  The estimated air emissions for this category amount to 0.086 
g TEQ/a.  Table 21 details the releases. 
  



NNAATTIIOONNAALL  PPCCDDDD//PPCCDDFF  IINNVVEENNTTOORRYY  OOFF  TTHHEE  PPHHIILLIIPPPPIINNEESS  ((22001100))  

 

PP AA GG EE   ||  4411 

Table 21. Estimated Releases from Glass Production 

Class 
No. 

Class Description 

2010 

Production 
(tons) 

Air Emission 

Factor 
(µg TEQ/ton) 

2010 Air 

Emissions 
(g TEQ/a) 

1 No dust control or contaminated, 

poor fuels 

409,256 10 0.082 

2 Glass production using dust 

abatement 

284,892 0.07 0.004 

Total 694,148  0.086 

 
4.4.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: Medium 

 
The activity statistics were assigned a „medium‟ certainty ranking because 
information was derived from 78 percent of the population and was extrapolated to 
estimate data on the national level.  In addition, since there is uncertainty in the 
determination of the true population, the total population identified through SMRs 
collected during the regional data gathering was considered to “officially” consist of 
the total population. 
 
The class assignment was also assigned a „medium‟ certainty ranking.  Although 
information on the type of fuel and APCS used was mostly obtained from seven 
establishments; there is some uncertainty in classifying the two establishments 
that did not respond. 
 
4.5 CATEGORY 4E: CERAMICS PRODUCTION 
 
According to the UNEP Toolkit, there is not enough information available to 
consider the production of ceramics as a source of PCDD/PCDF.  However, since 
ceramics production involves a thermal process, PCDD/PCDF will most likely be 
released to air. 
 
4.5.1 Determination of Activity Rates 
 
A list of establishments potentially producing ceramics was generated from the 
SMRs collected during the regional data gathering as well as through coordination 
with the Ceramic Tile Manufacturers‟ Association of the Philippines (CTMAP).  
Through this process, six potential ceramics producing plants were identified and 
surveyed.  All six plants responded and the total activity rate is 730,813 tons of 
ceramics produced in 2010. 
 
4.5.2 Estimation of Releases 
 

Releases from this category are classified based on the type of fuel and APCS used.  
Results of the survey showed that all ceramic producers use LPG and/or bunker 
fuel.  In addition, two producers do not have APCS.  Based on the UNEP Toolkit, 
estimating releases from ceramic production can be made by applying the same 
release factors developed for brick making.  Thus, ceramic producers who use 
APCS are assigned as Class 2 as well as those that use poor fuels but with APCS.  
As a result, all ceramics producers were assigned as Class 2 with estimated air 
emissions of 0.015 g TEQ/a, using the factor 0.02 µg TEQ/ton of ceramics 
produced. 
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4.5.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because information 
was derived from 100 percent of the population.  Certainty in the population was 
also high since CTMAP provided the list of ceramic producers.  The class 
assignment was also given a „high‟ certainty ranking since information on the type 
of fuel and APCS used were obtained from all surveyed establishments. 
 
4.6 CATEGORY 4F: ASPHALT MIXING 
 
Asphalt is generally used for road construction, and consists of rock chips, sand, 
and fillers bound together in bitumen.  Fillers can include fly ash from incineration 

or power plants.  The first stage of the process is generally an air‐drying unit for the 
minerals.  The hot minerals are then mixed with hot bitumen to obtain asphalt 
(UNEP, 2012). 
 
4.6.1 Determination of Activity Rates 
 
Using the 2010 Atlas of DPWH, the total length of new asphalted roads and bridges 
was obtained.  DPWH also provided the average standard width and thickness of 
asphalted roads and bridges as well as the average hot mix asphalt density.  With 
this, the total asphalt mix consumed in 2010 was calculated to be 653,753 tons. 
 
4.6.2 Estimation of Releases 
 
Releases from this category are classified based on the presence or absence of 
APCS.  Based on DPWH's list of hot mix asphalt batching plants, there were 40 
plants operating in 2010.  EMB ROs were then consulted to verify whether these 
plants have APCS or not.  Results of the consultation confirmed 17 plants having 
APCS (usually wet scrubber), three have none, and 20 cannot be verified.  Using 
the above information, it was assumed that the 20 unverified plants had the same 
proportion as those verified.  Hence, the proportion of plants with APCS (85%) 
against those without APCS (15%) was used to determine the classification.  The 
estimated releases for this category amount to 0.011 g TEQ/a to air and 0.033 g 
TEQ/a to residues.  Table 22 summarizes the estimated releases for this category. 
 

Table 22. Estimated Releases from Asphalt Mixing 

Class 

No. 
Class Description 

2010 

Production 
(tons) 

Release Factors 

(µg TEQ/TJ) 

2010 Releases 

(g TEQ/a) 

Air Residue Air Residue 

1 Mixing plant with no 

gas cleaning, poor 
fuels 

98,063 0.07 ND 0.007 ND 

2 Mixing plant with 

fabric filter or wet 

scrubber 

555,690 0.007 0.06 0.004 0.033 

Total 653,753   0.011 0.033 
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4.6.3 Certainty Ranking 

 
Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking.  Although information 
was derived from national statistics, DPWH disclosed that information provided 
only covered new asphalted roads and bridges; and does not include those 
repaired.  On the other hand, the class assignment was given a „medium‟ certainty 
ranking since information on the presence or absence of APCS was obtained for 
half of the total sources. 
 
4.7 CATEGORY 4G: OIL SHALE PROCESSING 
 
Oil shale is a general term applied to a group of fine black to dark brown shales 
rich enough in bituminous material (called kerogen) to yield petroleum upon 

distillation (UNEP, 2012).  There are two conventional approaches to oil shale 
processing.  In the first approach, the shale is fractionated in‐situ and heated to 
obtain gases and liquids.  The second approach involves mining, transporting, and 
heating the shale to about 450°C, adding hydrogen to the resulting product, and 
disposing of and stabilizing the waste.  In the Philippines, such activity does not 
exist as confirmed with EMB ROs. 
 
4.8 GROUP 4 SUMMARY 
 
The PCDD/PCDF Inventory for Group 4 is summarized in Table 23.  Total releases 
were estimated at 9.691 g TEQ/a; with cement plants contributing 98.45 percent, 
while the rest were negligible. 
 

Table 23. Summary of PCDD/PCDF Inventory for Group 4 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a Cement production 9.54 98.45% High Medium 

b Lime production 0.006 0.06% Low Medium 

c Brick production 0.0001 0.001% Low Medium 

d Glass production 0.086 0.89% Medium Medium 

e Ceramics 

production 

0.015 0.15% High High 

f Asphalt mixing 0.044 0.46% Low Medium 

Total 9.691 100%   

 
In terms of ranking activity rates, lime and brick production were considered to 
have low certainty rankings since the percentage of surveyed establishments was 
low plus there is some uncertainty in determining the true population.  Similarly, 

asphalt mix was assigned as low since the activity rate only covered new asphalted 
roads and bridges; and did not include those repaired.  On the other hand, the 
activity rate for glass production was considered medium since the response rate 
was about 78 percent.  As for cement and ceramics production, activity rates were 
assigned a „high‟ certainty ranking since information was obtained from national 
statistics or all identified sources were surveyed. 
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Class assignments were deemed to have medium or high degrees of certainty.  
Ceramics production was assigned a high certainty ranking since all necessary 
information was obtained from the identified population.  On the other hand, 
cement production was assigned as medium since classification was based on 
expert judgment.  The rest were also assigned as medium.  Although information 
on the type of fuel and APCS used was obtained from majority of establishments; 
there is some uncertainty in classifying those establishments that did not respond. 
 
5. GROUP 5: TRANSPORT 
 
The Transport Group includes all reciprocating internal combustion engines (ICEs) 
even if these are used for stationary applications such as power generation (UNEP, 
2012).  However, releases from aircraft engines are excluded. 
 
PCDD/PCDF releases from this group are associated with incomplete burning of 
fuel within the combustion chambers as well as the use of chlorinated additives in 

the lubricant or fuel.  PCDD/PCDF particles are released mainly to air via exhaust 
gases.  Although trace concentrations may also be found in the particulate 
residues, current literature does not allow for the estimation of releases via this 
route.  The categories under Group 5 are presented in Table 24 along with their 
potential release routes for PCDD/PCDF. 
 

Table 24. Categories of Group 5: Transport 

Category 
Potential Release Route 

Air Water Land Product Residue 

a 4-Stroke engines X     

b 2-Stroke engines X     

c Diesel engines X    (x) 

d Heavy oil fired engines X    (x) 
Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 
Leaded gasoline was phased out in the Philippines in 1998.  Since then, premium 
unleaded gasoline has been used for 4-stroke engines; while regular unleaded 
gasoline has been used for 2-stroke engines.  In recent years, there has been some 
penetration of ethanol blends (E10) and LPG for 4-stroke engines in cars and other 
light vehicles. 
 
Diesel engines are used extensively in the Philippines for both transportation and 
stationary applications.  Due to the implementation of RA 9367 or the Biofuels Act 
of 2006, diesel sold at retail outlets is a B2 blend (i.e., 2% biodiesel). 
 
The power statistics published by DOE and ERC show that there are a significant 
number of diesel oil-fired power plants in operation in the Philippines, all of which 
utilize ICEs; therefore, should be accounted for under this group. 
 

The overall approach used to estimate activity rates for this group is to use national 
fuel consumption data for different relevant petroleum products as published by 
DOE.  Commercial availability of specific fuel types in the Philippines allows non-
existent classes to be readily identified.  Thus, the only other main consideration is 
to determine fuel allocation to different end-use categories.  These aspects are 
discussed in the succeeding subsections. 
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5.1 CATEGORY 5A: 4-STROKE ENGINES 

 
Category 5a covers 4-stroke spark-ignition gasoline engines used primarily for the 
propulsion of light motor vehicles such as passenger cars.  This category is further 
divided into four classes, namely: 
 

 Class 1 - Engines using leaded gasoline 

 Class 2 - Engines using unleaded gasoline in vehicles without catalytic 
converters 

 Class 3 - Engines using unleaded gasoline in vehicles with catalytic 
converters 

 Class 4 - Engines using ethanol-rich gasoline blends (i.e., E50 and above) 
 
Among the four classes, only Classes 2 and 3 were established to exist in the 
country. 
 

5.1.1 Determination of Activity Rates 
 
The main challenge in determining the activity rate for this category is the 
allocation of total gasoline use between 4-stroke engines (used mainly in cars and 
other light vehicles) and 2-stroke engines (used mainly in small motor cycles and 
other light-duty stationary applications).  Upon consultation with DOE, it was 
found that premium unleaded gasoline [93 Research Octane Numbers (RON) and 
above] are mainly used for 4-stroke engines; while regular unleaded gasoline (81 
RON and above) are mainly used for 2-stroke engines. 
 
Based on DOE's Petroleum Product Consumption statistics, 20,249 MBarrels of 
premium unleaded gasoline was consumed in 2010.  This is equivalent to 
2,382,259 tons using a standard conversion factor (0.1589873 m3/barrel) and the 
density of gasoline (0.74 tons/m3). 
 
Aside from gasoline, LPG is also used by 4-stroke vehicles.  Its activity rate was 
obtained from DOE's EBT, specifically the LPG consumption (73.72 kTOE) of the 
transport sector.  This is equivalent to 68,642 tons using standard conversion 
factors, including the energy factor (0.000579 kTOE/m3), calorific value (49.265 
MJ/kg), and density (540 kg/m3) of LPG.  This was also validated by subtracting 
the LPG consumption in Category 3a (260,628 tons) and Category 3e (747,816 
tons) from the total LPG consumption (1,077,086 tons) of the country. 
 
5.1.2 Estimation of Releases 
 
The total fuel usage of 4-stroke spark ignition engines is based on gasoline 
consumption.  The phase out of leaded gasoline in the Philippines in 1998, and the 
absence of any ethanol rich blends (above E50) allow Classes 1 and 4 to be 
immediately eliminated from this category.  Furthermore, catalytic converters are 

not mandatory in the Philippines, so practically all gasoline-powered vehicles fall 
under Class 2; with the minor exception of vehicles with 4-stroke spark ignition 
engines that have been converted to run on LPG, which fall under Class 3.  The 
estimated air emissions for this category amount to 0.238 g TEQ/a.  Table 25 
details the releases. 
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Table 25. Estimated Releases from 4-Stroke Engines 

Class 
No. 

Class Description 

2010 

Consumption 
(tons) 

Air Emission 

Factor 
(µg TEQ/ton) 

2010 Air 

Emissions 
(g TEQ/a) 

2 Unleaded gasoline without 

catalyst 

2,382,259 0.1 0.238 

3 Unleaded gasoline with 

catalyst 

68,642 0.001 0.0001 

Total 2,450,901  0.238 

 
Note that values for Class 3 represent consumption of LPG in motor vehicles, as 
such engines make use of the same release factor as 4-stroke gasoline engines with 
catalytic converters, based on the UNEP Toolkit.  However, the LPG releases can be 
considered negligible. 
 
5.1.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because these figures 
were derived directly from published national statistics that account for use of 
petroleum products across all sectors.  The class assignment was also given a „high‟ 
certainty ranking since classifications were straightforward (leaded gasoline has 
been phased out, use of catalytic converters is not mandatory, and no ethanol rich 
blends are sold commercially in the Philippines). 
 
5.2 CATEGORY 5B: 2-STROKE ENGINES 
 
Category 5b covers 2-stroke spark ignition gasoline engines used in motorcycles, 
small boats, and other light-duty applications.  Such engines are more prone to 
incomplete combustion resulting from incomplete scavenging of the cylinders as 
compared to 4-stroke engines.  Furthermore, their lubrication is achieved by 
premixing the lubricant with gasoline.  This category is further divided into the 
following classes; but only Class 2 exist in the country: 
 

 Class 1 - Engines using leaded gasoline 

 Class 2 - Engines using unleaded gasoline 
 
5.2.1 Determination of Activity Rates 
 
As discussed in Section 5.1.1, Part II of this Inventory; regular unleaded gasoline 
(81 RON and above) is mainly used for 2-stroke engines.  Based on DOE's 
Petroleum Product Consumption statistics, 4,395 MBarrels of regular unleaded 
gasoline was consumed in 2010.  This is equivalent to 517,105 tons using a 

standard conversion factor (0.1589873 m3/barrel) and the density of gasoline (0.74 
tons/m3). 
 
5.2.2 Estimation of Releases 
 
Due to the phase out of leaded gasoline in the Philippines in 1998, Class 1 was 
eliminated.  As a result, all releases from 2-stroke engines were assigned as Class 2 
with air emissions of 1.293 g TEQ/a, using the factor 2.5 µg TEQ/ton of regular 
unleaded gasoline burned. 
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5.2.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because these figures 
were derived directly from published national statistics that account for use of 
petroleum products across all sectors.  The class assignment was also given a „high‟ 
certainty ranking since classifications were straightforward (leaded gasoline has 
been phased out in the Philippines). 
 
5.3 CATEGORY 5C: DIESEL ENGINES 
 
Diesel (compression ignition) engines are used for heavy transportation applications 
(e.g., trucks, buses, and public utility vehicles), rail and maritime transport, and 

some stationary applications (e.g., back-up generators) (UNEP, 2012).  They are 
prone to incomplete combustion particularly under transient load conditions and 
when poorly maintained.  Category 5c is further divided into two classes, namely: 
 

 Class 1 - Engines using diesel (including blends of up to B20) 

 Class 2 - Engines using biodiesel-rich blends (B20 and above) 
 
Most diesel fuel is used in compression-ignition engines and thus may be classified 
under this category due to the use of the same underlying combustion process, 
even if the engines themselves are stationary.  Ideally, the use of this fuel for non-
engine applications such as industrial drying and boiler firing should have been 
accounted for under Category 3a: Fossil Fuel Power Plants.  However, this 
breakdown in fuel use was not available so all diesel usage has been accounted for 
under Category 5c.  Overall, it is expected that the „industrial‟ contribution will be 
minimal. 
 
5.3.1 Determination of Activity Rates 
 
Based on DOE's Petroleum Product Consumption statistics, 45,054 MBarrels of 
diesel was consumed in 2010.  This is equivalent to 6,088,528 tons using a 
standard conversion factor (0.1589873 m3/barrel) and the density of diesel (0.85 
tons/m3). 
 
5.3.2 Estimation of Releases 
 
Since biodiesel-rich blends (above B20) are not sold commercially in the 
Philippines, only Class 1 exist with estimated air emissions of 0.609 g TEQ/a, 
using the factor 0.1 µg TEQ/ton of diesel burned. 
 
5.3.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because these figures 
were derived directly from published national statistics that account for use of 
petroleum products across all sectors.  The class assignment was also given a „high‟ 
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certainty ranking since classifications were straightforward (no biodiesel-rich 
blends are sold commercially in the Philippines). 
 
5.4 CATEGORY 5D: HEAVY OIL FIRED ENGINES 
 
HFO fired engines are large compression ignition engines used for stationary 
applications.  They operate in the same manner as diesel engines but use heavier 
grades of fuel oil, and are thus classified in the same Group (Transport), instead of 
being part of Group 3 (Power Generation and Heating).  Such engines are often 
primed with diesel during start-up, but average consumption of diesel is considered 
here as negligible compared to the use of the main fuel. 
 
5.4.1 Determination of Activity Rates 
 
Determining the activity rate for this category involves getting the HFO 
consumption of marine vessels.  According to DOE's EBT, HFO consumption for 

propulsion of marine vessels amounts to 515 kTOE; which is equivalent to 550,399 
tons using the energy factor (0.000908 kTOE/m3) and density (0.97 tons/m3) of 
HFO.  This was also validated by subtracting the HFO consumption in Category 3a 
(2,210,357 tons) from the total HFO consumption (2,760,701 tons) of the country. 
 
5.4.2 Estimation of Releases 
 
Since there is only one class under this category, the activity rate was assigned as 
Class 1 with estimated air emissions of 1.101 g TEQ/a, using the factor 2 µg 
TEQ/ton of HFO burned. 
 
5.4.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because these figures 
were derived directly from published national statistics that account for use of 
petroleum products across all sectors and were validated by subtracting the HFO 
consumption in Category 3a from the total HFO consumption of the country.  The 
class assignment was also assigned a „high‟ certainty ranking since there is only 
one classification under this category. 
 
5.5 GROUP 5 SUMMARY 
 
The PCDD/PCDF Inventory for Group 5 is summarized in Table 26.  Transport 
emissions, including those generated by reciprocating ICEs in stationary 
applications, generate a total of 3.241 g TEQ/a.  Note that disproportionately large 
contributions come from 2-stroke engines and HFO fired engines; while the 

contributions of diesel engines and 4-stroke gasoline are relatively small.  All 
estimates were deemed to have high degrees of certainty, as the required data to 
conduct the inventory are routinely compiled and published by DOE. 
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Table 26. Summary of PCDD/PCDF Inventory for Group 5 

Category 

2010 Air 

Emissions 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a 4-Stroke engines 0.238 7.35% High High 

b 2-Stroke engines  1.293 39.89% High High 

c Diesel engines 0.609 18.79% High High 

d Heavy oil fired engines 1.101 33.97% High High 

Total 3.241 100%   

 
6. GROUP 6: OPEN BURNING PROCESSES 
 
This Group involves the open burning of the following: 
 

 Biomass (forests, savannahs, grasslands, and agricultural crop residues) 

 Waste (mainly domestic or municipal solid wastes burned in official landfills, 
other dumps, or private backyards; vehicles, buildings, and factories burned 
in accidental fires; and construction or demolition wastes) 

 
These combustion processes and fires do not occur under defined or optimized 
conditions as aeration occurs only through natural ventilation (UNEP, 2012).  For 
open biomass burning, the efficiency of burning conditions varies from poor to high 
and is dependent on the ambient conditions such as humidity, temperature, and 
wind speed as well as fuel moisture, type, and arrangement.  While for open waste 
burning, poor burning conditions are common because of heterogeneous 
composition, degree of compaction, and poorly mixed fuel materials.  Moisture and 
lack of oxygen could also contribute to additional complexity.  Some of these 
processes are not documented; for in certain areas, the conduct of open burning is 
not authorized.  These processes tend to result in underestimation as a 
consequence and contribute to the difficulty in assessing overall national activity. 
 
The major release routes are through air and land.  Although there are solid 
residues (combustion ashes), these are regarded as releases to land rather than 
releases to residues because the ashes are disposed on land and are typically not 
collected for further disposal.  The categories under Group 6 are presented in Table 
27 along with their potential release routes for PCDD/PCDF. 
 

Table 27. Categories of Group 6: Open Burning Processes 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Biomass burning X (x) X  (x) 

b Waste burning and accidental fires X (x) X  (x) 
Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 

In accordance to Rule III of DAO 2001-34 (IRR of RA 9003), open burning is 
referred to as the thermal destruction of wastes by means of direct exposure to fire.  
This definition applies to traditional small-scale methods of community sanitation 
"siga".  Also defined is "solid waste" as all discarded household, commercial waste, 
non-hazardous institutional, ports/harbor and industrial waste, street sweepings, 
construction debris, agriculture waste, and other non-hazardous/non-toxic solid 
waste. 
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Rule XVIII of DAO 2001-34 penalizes the conduct of open burning of solid waste 
and deems it illegal.  Even with the existing regulation, the conduct of open 
burning in the Philippines still persists, it being considered as a traditional 
practice.  Among these practices is agricultural farm burning particularly that of 
rice straws and sugar cane trash.  Reasons for post-harvest burning include the 
removal of residues prior to soil preparation and sowing, weed control, and nutrient 
release for the next crop cycle.  These practices are also done to eliminate or control 
pests. 
 
Backyard burning of waste, on the other hand, has also been a common practice in 
households throughout the Philippines.  One such reason for this is the irregular 
collection of garbage in some areas wherein wastes are burned rather than being 
turned over to the garbage collector.  Some of these households burn dried leaves 
in their backyard and regard this as a form of insect repellant for fruit bearing 
trees. 
 

Recently, DENR signed an agreement with the mayors of the cities of Butuan, 
Bacolod, Cabanatuan, Legazpi, General Santos, and Iloilo to formalize their 
participation in the IPOPs Project and to stop the practice of burning garbage in 
dumps, rehabilitate them, resort to using landfills, and prevent the practice of open 
burning in backyards and other public places.  DENR will provide assistance to the 
LGUs through “disposal windows” or “collection windows”.  The collection window 
is aimed at teaching households not to burn their own garbage and enable LGUs to 
monitor compliance as well as to receive garbage collection trucks, collection 
stations, composting equipment, and funds for their maintenance. 
 
6.1 CATEGORY 6A: BIOMASS BURNING 
 
This category involves the open burning of biomass and is comprised of five classes, 
namely: 
 

 Class 1 - Agricultural Residue Burning in the Field (Impacted) 

 Class 2 - Agricultural Residue Burning in the Field (Not Impacted) 

 Class 3 - Sugarcane Burning 

 Class 4 - Forest Fires 

 Class 5 - Grassland and Savannah Fires  
 
Determining the activity rates and estimation of releases from each class are 
discussed in detail in the succeeding subsections. 
 
6.1.1 Class 6a1: Agricultural Residue Burning in the Field, Impacted and 

Class 6a2: Agricultural Residue Burning in the Field, Not Impacted 
 
Agricultural residues initially thought to be burned in the open included rice, corn, 
and coconut.  For rice and corn, the area and yield per material were gathered from 

the Bureau of Agricultural Statistics (BAS) of DA and the Philippine Agricultural 
Development and Commercial Corporation.  Key informant interviews and 
correspondence with BAS and the Philippine Center for Postharvest Development 
and Mechanization (PhilMech) established that only rice straw is being 
predominantly burned in the open; while rice hulls and corn residues are often 
used as fuel and/or as animal feed.  Burning of rice hull and coconut are 
accounted for in Group 3: Power Generation and Heating and/or Category 8a: 
Drying of Biomass. 
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6.1.1.1 Determination of Activity Rates 
 
The amount of rice straw burned in the open was estimated using the 2010 Palay 
Production (both irrigated and rainfed) provided by BAS and the Study on the 
Economic Analysis of Rice Straw Management Alternatives (Launio, et al. 2011).  
The said study had information on the straw-to-grain-ratio to determine the 
amount of rice straw produced; and the proportion of rice straw subjected to 
burning.  Estimated rice straw burned in 2010 was 5,677,312 tons.  Details are 
presented in Table 28. 
 

Table 28. Basis for Determining the Activity Rate for Rice Straw Burned in 
the Open 

Information Unit Irrigated Rainfed 

2010 Palay Production Tons 11,992,459 3,779,860 

Straw-Grain Ratio Ratio 0.74 0.36 

2010 Rice Straw Production Tons 8,874,420 1,360,749 

Proportion of Rice Straw Subject to 
Burning 

% 57.54% 41.96% 

2010 Rice Straw Burned Tons 5,106,341 570,970 

2010 Total Rice Straw Burned Tons 5,677,312 

 
6.1.1.2 Estimation of Releases 

 
Class 1 is defined as the open burning of agricultural biomass in the field with 
prior application of chlorinated pesticides to crops or with unfavorable burning 
conditions such as large piles or humid materials.  This class potentially includes a 
wide range of fire intensities from relatively cool, low‐intensity fires with mostly 

smoldering combustion to hot, high intensity, and fast‐moving fires with efficient 
combustion.  On the other hand, Class 2 is defined as those with fuel and burning 
conditions that constitute BEPs such as the absence of precursors and other 
conditions that favor PCDD/PCDF formation. 
 
The percentage of “impacted” and “non-impacted” rice straw subjected to burning 
was determined using several information sources.  These are as follows: 
 

 Percentage of crops farmed through organic farming amounts to at most one 
percent (BAS) 

 Moisture content of rice straw burned ranges from 28 to 30 percent 
(PhilMech) 

 Rice straw is burned dry during the dry season and wet during the wet 
season but still combustible (Philippine Rice Research Institute) 

 Rice straw burning occurs for hours, characterized by slow burning (Innogy 
Project Team) 

 
Using the above information, it was assessed that rice straws burned in the open 
field are under Class 1, with estimated releases of 170.319 g TEQ/a to air and 
56.773 g TEQ/a to land; using the factors 30 µg TEQ/ton and 10 µg TEQ/ton of 
rice straw burned respectively. 
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6.1.1.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because information 
was derived from national statistics.  The class assignment was also given a „high‟ 
certainty ranking since information for the classification was based on several 
sources combined with expert judgment. 
 
6.1.2 Class 6a3: Sugarcane Burning 
 
Class 6a3 addresses the pre-harvest burning of sugarcane in the field.  It is 
assumed that the leaves will be burned off and the stems will remain in the field for 
harvest, either manually or by machine.  These fires are usually intense, fast 

moving, and of relatively short duration. 
 
6.1.2.1 Determination of Activity Rates 
 
The amount of sugarcane burned in the open was estimated using the 2010 
sugarcane yield (19,241,698 tons) provided by SRA and an established factor (0.1 
kg of sugarcane trash per kg of sugarcane) from a Study on Biomass as Source of 
Energy in the Philippines (Elauria et al., 1999).  Estimated sugarcane burned in the 
open in 2010 was 1,924,170 tons.  This result was cross-checked with the estimate 
using the Raw Sugar & Cane Production Area (385,003 hectares) and the 
established UNEP Toolkit factor (5.2 tons of sugarcane consumed in open fires per 
hectare).  This second approach gave an estimated sugarcane burn in 2010 of 
2,002,018 tons, with about 4 percent difference from the initial estimate. 
 
6.1.2.2 Estimation of Releases 

 
Releases for this class are estimated to be 7.697 g TEQ/a to air and 0.096 g TEQ/a 
to land, using the factors 4 µg TEQ/ton and 0.05 µg TEQ/ton of sugarcane burned 
respectively. 
 
6.1.2.3 Certainty Ranking 
 
The activity statistics were assigned a „high‟ certainty ranking because information 
was derived from national statistics and a factor based on a Philippine-specific 
study.  This was also cross-checked using other national statistics and an 
established UNEP factor; with a difference of only 4 percent. 
 
6.1.3 Class 6a4: Forest Fires 
 

Class 6a4 involves all types of forest fires, including those in which whole trees are 
burned, canopy fires, and forest litter burns. 
 
6.1.3.1 Determination of Activity Rates 
 
The activity rate was estimated using information on the extent of forest fires (both 
natural and plantation) provided by the Forest Management Bureau (FMB); and 
established UNEP Toolkit factors on the amount of tropical forest consumed in 
open fires.  Upon consultation with FMB, it was found that natural forest can be 
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considered as Primary Tropical Forest; while plantation forest can be considered as 
Secondary Tropical Forest. 
 
Unfortunately, FMB does not have information on the extent of forest fire for 2010.  
The only available information is the extent of forest fire from 2006 to 2009.  As 
such, the average of the four-year forest fire (844 hectares for natural forest and 
486 hectares for plantation forest) was used to represent 2010 data.  With this, 
estimated forest fires in 2010 were calculated at 47,500 tons.  Details are presented 
in Table 28. 
 
Table 29. Basis for Determining the Activity Rate for Forest Consumed in the 

Open 

Information Unit Natural Forest 
Plantation 

Forest 

Extent of Forest Fire hectare 844 486 

Amount of Tropical Forest Consumed 
in Open Fires per Hectare 

tons/hectare 43 23 

Amount of Forest Consumed in the 

Open 

Tons 36,311 11,189 

Total Amount of Forest Consumed in 

the Open 

Tons 47,450 

 
Information on the area of forest burned annually was also obtained from FAO[1].  
However, their estimate dates as far back as 2004.  According to FAO, annual loss 
of forest exceeds 3,000,000 hectares per year as a result of burning from shifting 
cultivation.  This figure is very far from FMB‟s estimate of 1,330 hectares per year.  
Despite this huge disparity, FMB's data was used for the Inventory since FMB is 
the official agency that monitors forest fires and it has the more recent data. 
 
6.1.3.2 Estimation of Releases 
 
Releases for this class are estimated to be 0.047 g TEQ/a to air and 0.007 g TEQ/a 
to land, using the factors 1 µg TEQ/ton and 0.15 µg TEQ/ton of forest burned 
respectively. 
 
6.1.3.3 Certainty Ranking 

 
The activity statistics were assigned a „medium‟ certainty ranking.  Although 
information was derived using national statistics from FMB, data may be 
underestimated considering there may be other forest fire incidents outside of 
FMB‟s jurisdiction or some incidents which were not recorded.  This matter was 
also emphasized by the large disparity between FMB‟s forest fire numbers and the 
estimate provided by FAO. 
 
6.1.4 Class 6a5: Grassland and Savannah Fires 
 
Class 6a5 addresses fires in savannahs and grasslands.  These fires frequently 
consume low shrubs in addition to grass and litter from trees. 
  

                                           
[1] A Review of Forest Fire Management in the Philippines, International Tropical Timber Organization, 
January 2004. 
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6.1.4.1 Determination of Activity Rates 
 
Data sources identified for Class 5 could not provide estimates for grassland and 
savannah fires.  The only available estimate came from the 2000 Greenhouse Gas 
(GHG) Inventory.  Using the same approach, the total amount of biomass burned in 
grassland fires was estimated to be 134,929 tons.  Details in determining the 
activity rate for this class are summarized in Table 30. 
 
Table 30. Basis for Determining the Activity Rate for Grassland and Savannah 

Fires 

Information Details Unit Source of Information/Note 

Total Grassland Area in the 

Philippines 

1,542,040 hectares National Mapping and Resource 

Information Authority (NAMRIA) 

Percentage of Cogon Grass 50%  Food and Agriculture 

Organization, Philippine 

Pasture/Forage Resource Profile 

Total Area of Cogon Grass 771,020 hectares Calculated 

Percentage of Cogon Grass 

Burned Annually 

5% - 2000 GHG Inventory 

Amount of biomass burned 

per hectare of tropical 
savannah (2.8 to 4.2 tons/ha) 

3.5 tons/hectare Toolkit (Table II.6.4) 

Total Tons of Biomass Burned 

in Grassland Fires 

134,929 tons Calculated 

 
6.1.4.2 Estimation of Releases 
 
Releases for this class are estimated to be 0.067 g TEQ/a to air and 0.02 g TEQ/a 
to land, using the factors 0.5 µg TEQ/ton and 0.15 µg TEQ/ton of grassland/ 
savannah fires respectively. 
 
6.1.4.3 Certainty Ranking 

 
The activity statistics were assigned a „low‟ certainty ranking since all identified 
sources could not provide estimates for grassland and savannah fires.  The only 
available estimate was that from the 2000 GHG Inventory. 
 
6.2 CATEGORY 6B: WASTE BURNING AND ACCIDENTAL FIRES 
 
This category involves the accidental or deliberate combustion of waste materials 
for disposal, with no furnace or similar equipment, and no recovery of the calorific 
content of the fuel.  It is divided into five classes, namely: 
 

 Class 1 - Fires at Waste Dumps 

 Class 2 - Accidental Fires in Houses and Buildings 

 Class 3 - Burning of Domestic Waste in the Open 

 Class 4 - Vehicular Fires 

 Class 5 - Open Burning of Wood from Construction/Demolition 
 
Determining the activity rates and estimation of releases from each class are 
discussed in detail in the succeeding subsections. 
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6.2.1 Class 6b1: Fires at Waste Dumps 

 
This class involves the spontaneous or intentional fires occurring in municipal 
waste repositories (UNEP, 2012).  Wastes commonly burned in these sites include 
refuse from various establishments ranging from small offices to restaurants and 
workshops, and household and industrial wastes.  These fires are sometimes 
intended to reduce the volume of waste.  NSWMC does not regularly monitor fire 
incidents in waste dumps and they attest that these fires seldom occur. 
 
6.2.1.1 Determination of Activity Rates 

 
Being that this class is closely related to Class 6b3: Open Burning of Domestic 
Waste, Category 9a: Landfills, Waste Dumps, and Landfill Mining, and Category 9d: 
Composting; the information needed was consolidated in a single survey 
questionnaire, which was distributed to several LGUs.  Requested information 
included the following: 

 

 Waste characterization (i.e., biodegradable, recyclable, residuals, and special 
waste) 

 Waste management (i.e., backyard burning, open dumpsite, composting, 
landfilling, and recycling) 

 Amount of wastes burned in dumpsites 
 
Survey questionnaires were also distributed to the six LGU partners of DENR-EMB 
on solid waste management as part of the IPOPs Project.  To supplement the 
projection of solid waste quantities, information from the Waste Analysis 
Characterization Survey provided by NSWMC was also considered, as well as that 
from the Site Specific Assessment of Waste Management Practices and Sources of 
Dioxin and Furan Emission for Ten (10) Study Sites in the Philippines (Intem, 
2010). 
 
In 2001, World Bank published the Philippines Environment Monitor (PEM) 
wherein waste production rates were used as a factor in estimating the solid waste 
generation based on population.  It was established that people living in urban 
areas produce more wastes compared to rural areas.  The following were the waste 
production rates used in the PEM: 
 

 0.71 kg/person/day for NCR 

 0.50 kg/person/day for Urban Areas 

 0.30 kg/person/day for Rural Areas 
 
The PEM also noted that the urban population would increase their waste 
production rate by one percent per year due to rising income levels.  Using this 
methodology, waste production rates for 2010 for NCR and Urban Areas were 
calculated as 0.78 and 0.55 kg/person/day respectively. 
 
The population of each LGU and its urban/rural classification were obtained from 
the National Statistics Office (NSO).  It was noted that some LGUs were classified as 
partially urban.  For these, the corresponding waste production rate (0.425 
kg/person/day) was calculated using the average rates for urban and rural areas. 
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Using the waste production rates for the three classifications combined with the 
national population; the 2010 national waste generation was estimated to be over 
16.5 million tons. 
 
Based on survey results, only partially urban LGUs reported wastes burned in 
dumpsites.  This was estimated at 2.23 percent of the waste generated, resulting in 
211,605 tons of wastes burned in dumpsites for 2010. 
 
6.2.1.2 Estimation of Releases 
 
Releases for this class were estimated to be 63.482 g TEQ/a to air and 2.116 g 
TEQ/a to land, using the factors of 300 µg TEQ/ton and 10 µg TEQ/ton of wastes 
burned respectively. 
 
6.2.1.3 Certainty Ranking 

 

The activity statistics were assigned a „low‟ certainty ranking because the rate was 
derived using the calculated national waste generation and the calculated 
percentages of wastes burned in dumpsites for partially urban LGUs only. 
 
6.2.2 Class 6b2: Accidental Fires in Houses and Buildings 
 
This class includes all types of structural fires, most of which occur in houses and 
factories.  Technically, PCDD/PCDF releases depend on the materials burned and 
the nature of the fire but currently, there is limited information on this (UNEP, 
2012). 
 
6.2.2.1 Determination of Activity Rates 

 
The Bureau of Fire Protection (BFP) provided the number of fire incidents per 
structure type in 2010 that totaled 5,347 incidents.  However, fire incidents involve 
a wide variety of structures, making it difficult to estimate a fuel loading factor. 
 
A resource person, affiliated with the Association of Structural Engineers in the 
Philippines, Inc., shared that a local factor is still being determined.  Thus, other 
similar factors were sought and the estimate of 1.15 tons/fire incident used by the 
United States Environmental Protection Agency (USEPA) in its Emission Inventory 
Improvement Program for Structural Fires (USEPA, 2001) was adopted. 
 
Using the BFP fire incidents and the USEPA fuel loading factor, an estimate of 
6,149 tons of material burned in accidental fires in 2010 was derived. 
 
6.2.2.2 Estimation of Releases 

 
Releases for this class were estimated to be 2.46 g TEQ/a each to air and land, 

using the same factor of 400 µg TEQ/ton of wastes burned. 
 
6.2.2.3 Certainty Ranking 

 
The activity statistics were assigned a „medium‟ certainty ranking because the rate 
was derived using BFP's 2010 structural fire incidents and the established USEPA 
fuel loading factor. 
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6.2.3 Class 6b3: Burning of Domestic Waste in the Open 

 
This class involves the burning of domestic waste in open piles and pits, with no 
pollution controls.  These wastes are typically characterized by a large fraction of 
organic and agricultural waste. 
 
6.2.3.1 Determination of Activity Rates 
 
Determining the activity rate involved the same process discussed in Section 
6.2.1.1, Part II of this Inventory.  Based on the survey, the percentage of domestic 
wastes burned in the open was calculated as 17.72, 21.28, and 13.92 percent for 
urban, partially urban, and rural LGUs respectively.  This resulted in a total of 
3,242,371 tons of domestic wastes burned in the open for 2010. 
 
6.2.3.2 Estimation of Releases 

 

Releases for this class were estimated to be 129.695 g TEQ/a to air and 3.242 g 
TEQ/a to land, using the factors 40 µg TEQ/ton and 1 µg TEQ/ton of wastes 
burned respectively. 
 
6.2.3.3 Certainty Ranking 

 
The activity statistics were assigned a „low‟ certainty ranking because the rate was 
derived using the calculated national waste generation and the calculated 
percentages of domestic wastes burned in the open for urban, partially urban, and 
rural LGUs. 
 
6.2.4 Class 6b4: Vehicle Fires 
 
This class deals with all types of vehicle fires.  Unlike Class 6b2: Accidental Fires in 
Houses and Factories, there are no additional data needed to calculate releases as 
factors are based on the number of vehicle fire incidents only. 
 
6.2.4.1 Determination of Activity Rates 
 
BFP provided the total number of vehicle fire incidents in 2010, which was 499. 
 
6.2.4.2 Estimation of Releases 

 
Releases for this class were estimated to be 0.05 g TEQ/a to air and 0.009 g TEQ/a 
to land, using the factors 100 µg TEQ/ton and 18 µg TEQ/ton of vehicle burned 
respectively. 
 
6.2.4.3 Certainty Ranking 
 

The activity statistics were assigned a „high‟ certainty ranking because the rate 
used was from national statistics as provided by BFP. 
 
6.2.5 Class 6b5: Open Burning of Wood from Construction/Demolition 
 
This class includes the open burning of wood and other materials used in 
construction and remaining after demolition.  This activity was initially assessed as 
non-existent, based on the assumption that leftover wood can still be utilized for 
fuel or may be reused for future construction.  Moreover, waste wood and other 
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materials may be mixed with MSW; so releases from this activity may already be 
accounted for in Class 6a1: Fires at Waste Dumps. 
 
Several construction associations were consulted to confirm existence of this 
activity.  These included the Construction Industry Authority of the Philippines, 
Philippine Contractors Accreditation Board, and Philippine Constructors 
Association.  Based on consultation, none of them could attest that this activity is 
practiced locally.  Moreover, a few construction companies were surveyed and they 
confirmed that wood from construction/demolition is indeed stored for future re-
use or disposed with MSW.  It was therefore concluded that no such activity exist 
in the Philippines. 
 
6.3 GROUP 6 SUMMARY 
 
The PCDD/PCDF Inventory for Group 6 is summarized in Table 31.  Total releases 
were estimated to be 438.541 g TEQ/a, with open burning of agricultural residues 

contributing more than half of the group's releases.  Accidental open burning of 
domestic wastes was also significant as well as fires at waste dumps as releases 
from these two classes accounted for almost all of the other half of the group's 
releases. 
 
In terms of ranking activity rates, Classes 6a1, 6a3, and 6b4 were all assigned a 
high certainty ranking because information was derived from national statistics.  
Classes 6a4 and 6b2 were both assigned as medium even if information was 
derived using national statistics.  It was noted that data from FMB for Class 6a4 
may be underestimated considering there may be other forest fire incidents outside 
of FMB‟s jurisdiction or some incidents which were not recorded.  On the other 
hand, the factor used to derive structural fire incidents for Class 6b2 was taken 
from USEPA due to the absence of a Philippine-specific factor.  As for Classes 6b1 
and 6b3, these were assigned as low because their corresponding rates were 
derived using the calculated national waste generation and the calculated 
percentages of wastes (burned in dumpsites and burned in the open) for urban, 
partially urban, and rural LGUs. 
 

Table 31. Summary of PCDD/PCDF Inventory for Group 6 

Category/Class 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Activity Rate 

Certainty 

Ranking 

6a: Open burning    

1 Agricultural residue burning in the 

field (Impacted) 

227.092 51.78% High 

3 Sugarcane burning 7.793 1.78% High 

4 Forest fires 0.055 0.01% Medium 

5 Grassland and savannah fires 0.088 0.02% Low 

6b: Waste burning and accidental fires 0 0  

1 Fires at waste dumps 65.598 14.96% Low 

2 Accidental fires in houses and 
buildings 

4.919 1.12% Medium 

3 Burning of domestic waste in the 

open 

132.937 30.31% Low 

4 Vehicular fires 0.059 0.01% High 

Total 438.541 100%  
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7. GROUP 7: PRODUCTION AND USE OF CHEMICALS AND CONSUMER GOODS 

 
This Group covers establishments, which manufacture or import chemical products 
that utilize chlorine as a raw material, and consumer goods which may be 
contaminated with chlorine-based chemicals.  PCDD/PCDF is released to the 
environment via air, water, land, and residues as a result of various manufacturing 
processes or they may be integrated within intermediate and/or final products.  
The categories under Group 7 are presented in Table 32 along with their potential 
release routes for PCDD/PCDF. 
 

Table 32. Categories of Group 7: Production and Use of Chemicals and 
Consumer Goods 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Pulp and paper production X X  X X 

b Chlorinated inorganic chemicals X X  X X 

c Chlorinated aliphatic chemicals X X (x) X X 

d Chlorinated aromatic chemicals X X (x) X X 

e Other chlorinated and non-

chlorinated chemicals 
X X (x) X X 

f Petroleum production X    X 

g Textile production  X  X X 

h Leather refining  X  X X 
Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 
7.1 CATEGORY 7A: PULP AND PAPER PRODUCTION 
 
PCDD/PCDF releases from the pulp and paper industry come from the bleaching 
process, use of black liquor as fuel, and wastewater effluent (UNEP, 2012).  Pulp 
and paper production in the country consists of the production of white grade 
paper, newsprint, brown packaging paper, and abaca pulp.  Paper is a basic 
commodity whose production is greatly affected by the availability of its raw 
materials.  Most paper mills completely use wastepaper while some combine 
wastepaper with virgin pulp.  Other than locally-produced pulp, virgin pulp is 
imported from Canada, New Zealand, Scandinavia, and Indonesia as raw material 
for paper production.  In addition, white grade waste papers, which are to be 
recycled, are imported from US, Japan, Korea, Australia, and Germany.  On the 
other hand, manufacture of abaca pulp in the Philippines has downsized due to the 
availability of cheaper substitutes. 
 
7.1.1 Determination of Activity Rates 
 
In determining the activity rates for this category, relevant industry associations 
were approached for assistance.  These associations were the Philippine Paper 
Manufacturers Association, Inc. (PPMAI) and the Association of Abaca Pulp 

Manufacturers, Inc. (AAPMI). 
 
Production of paper and board in 2010 was about 1,038,000 tons (air dried) 
according to PPMAI; while the production of abaca pulp was estimated at 19,444 
tons (air dried) based on AAPMI and survey results.  In addition, both associations 
confirmed that the use of black liquor as fuel to boilers is not practiced in the 
Philippines, because there are no Kraft pulp mills. 
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7.1.2 Estimation of Releases 

 
Classifying paper mills depends on several factors.  These include the ratio of virgin 
pulp to recycled paper used, the source of the pulp, chemicals used in bleaching, 
and the approximate age distribution of the paper being recycled.  With this, PPMAI 
provided the following information: 
 

1. Practically all paper mills recycle waste paper. 
2. Virgin pulp is seldom used, and if so required (such as in making special 

grades of paper); it is imported from pulp mills in Scandinavia, New Zealand, 
Canada, or Indonesia who bleach wood pulp using Non-chlorine or 
Elemental chlorine-free methods. 

3. Paper grades using bleached pulp are only the Printing/Writing and Tissue.  
Together, these account for only 30 percent of the total paper consumed in 
the Philippines.  The rest are brown packaging paper and newsprint, which 
are produced without chlorine bleaching.  Deinking mills that bleach 

recycled pulp use only hydrogen peroxide or acid hydrosulfite as bleaching 
agents. 

4. The average age of recycle-based printing and writing paper is about 2-3 
months from production, while that of imported printing and writing paper 
would be higher (about 4-6 months).  The figures for tissue should be 
slightly shorter.  About half of these grades are locally-produced (using 
mostly recycled wastepaper) and about half are imported (from fiber furnish 
which is predominantly virgin pulp).  Used printing and writing paper is 
recycled at a rate of 50-60 percent.  Tissue is not recycled anymore. 

Based on the above information, paper mills in the country were assigned as Class 
9. 
 
On the other hand, classifying abaca pulp mills depends on the type of pulping and 
bleaching process utilized.  Of the four abaca pulp mills in the country, three utilize 
the sulfite pulping process and use calcium hypochlorite, sodium hypochlorite, 
and/or hydrogen peroxide for bleaching; while the other utilizes a thermo-
mechanical pulping process and uses chlorine for bleaching.  The first three abaca 
pulp mills were assigned as Class 4; while the other pulp mill was assigned as 
Class 7. 
 
The estimated releases in product for this category amount to 3.133 g TEQ/a.  
Table 33 details the releases. 
 

Table 33. Estimated Releases from Pulp and Paper Production 

Class 

No. 
Class Description 

2010 

Production 

(tons) 

Product 

Release 

Factor 

(µg TEQ/ton) 

2010 

Product 

Releases 

(g TEQ/a) 

4 Sulfite process 16,444 1 0.016 

7 Thermo‐mechanical process, 

lignin‐saving chemical treatment 

3,000 1 0.003 

9 Paper recycling with modern paper 1,038,000 3 3.114 

Total 1,057,444  3.133 
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7.1.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking since national 
statistics provided by PPMAI and AAPMI were used.  The class assignment was also 
given a 'high' certainty ranking since all information required for the classification 
was obtained. 
 
7.2 CATEGORY 7B: CHLORINATED INORGANIC CHEMICALS 
 
This category pertains to the production of elemental chlorine which is a basic 
building block in the production of a wide array of organic and inorganic chemicals.  
Chlorine finds its applications in water purification and is also used as raw 

material in the manufacture of polymers, agrochemicals, and pharmaceuticals 
among others (UNEP, 2012).  In the Philippines, there is only one chlor-alkali 
manufacturer that co-produces sodium hydroxide (NaOH), sodium hypochlorite 
(NaOCl), liquid chlorine, and hydrogen chloride (HCl).  The said manufacturer was 
surveyed and interviewed to obtain the necessary information. 
 
7.2.1 Determination of Activity Rates 
 
Based on the UNEP toolkit, the activity rate for this category should be expressed 
in electrochemical unit (ECU), which is equivalent to 1.0 ton of chlorine and 1.1 
tons of NaOH.  Consequently, production data had to be converted to ECU. 
 
Results of the data collection process showed that the company produced a total of 
18,484 tons of NaOH, 7,508 tons of NaOCl, 5,219 tons of chlorine, and 10,995 tons 
of HCl in 2010.  To convert this information to ECU, the corresponding chlorine or 
NaOH equivalents of these chemicals were determined based on stoichiometric 
relationships. 
 
The ECU was then computed for both total tons of chlorine equivalent and total 
tons of NaOH equivalent for comparison purposes.  The computed values resulted 
in a total of 19,486 ECU using the tons of chlorine compared to a total of 20,518 
ECU using the NaOH data.  Table 34 presents the details for computing the activity 
rate. 
 

Table 34. Basis for Determining the Activity Rate for Chlorinated Inorganic 
Chemicals 

Product 

2010 

Production 

(tons) 

Molar Mass 

(grams/mole) 

Equivalent 

Tons of 

Chlorine 

Equivalent 

Tons of NaOH 

NaOH 18,484 40.00 n/a 18,484 

NaOCl 7,508 74.45 3,576 4,034 

Chlorine 5,219 35.46 5,219 n/a 

HCl 10,995 36.47 10,691 n/a 

Total Equivalent Tons 19,486 22,518 

ECU consists of 1 ton of chlorine and 1.1 tons of 

NaOH 

1 1.1 

Total ECU 19,486 20,471 
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Another way of verifying the above calculated activity rates is to compute the ECU 
based on combined chlorine and NaOH equivalent production.  This resulted to a 
total of 20,002 ECU using the total equivalent productions for both chlorine and 
NaOH (42,004 tons) and the ECU factor (1 ton of chlorine + 1.1 tons of NaOH = 2.1 
tons). 
 
All three calculated activity rates were very close to each other.  Rounding them off 
to the nearest thousand give 20,000 ECU. 
 
7.2.2 Estimation of Releases 
 
Based on interviews, it was noted that the plant utilizes two ion-exchange 
membranes (IEM) with titanium anodes, assigning it as Class 2.  In addition, the 
ages of the IEM cells were noted to be 6 months and 4 years, so these can be 
considered as mid-range technology.  Hence, the estimated releases for this 
category amount to 0.034 g TEQ/a each to water and to residues; using the same 

factor of 1.7 µg TEQ/ECU for both release vectors. 
 
7.2.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking since production 
data were provided by the lone chlor-alkali manufacturer in the country.  In 
addition, three calculations for the activity rates were conducted for verification and 
results were very close to each other.  The class assignment was also given a 'high' 
certainty ranking since all information required for the classification was obtained. 
 
7.3 CATEGORY 7C: CHLORINATED ALIPHATIC CHEMICALS 

 
This category focuses on the manufacture of ethylene dichloride (EDC), vinyl 
chloride monomer (VCM), and PVC.  The EDC-VCM-PVC production chain starts 
from the chlorination of ethylene to form EDC, which is then subsequently 
processed into VCM.  The produced monomers are then linked to form PVC (UNEP, 
2012). 
 
In the Philippines, there are no local producers of EDC and VCM.  However, there 
are two local PVC manufacturers, both of which use imported VCM as raw 
material. 
 
7.3.1 Determination of Activity Rates 
 
Information on the existence of the two local PVC manufacturers came from the 
Bureau of Customs (BOC), as these two import VCM.  Interviews with them also 

confirmed the absence of local producers of VCM. 
 
Results of the data collection process showed that the two manufacturers produced 
a total of 104,500 tons of PVC in 2010.  Both utilize the suspension polymerization 
method, do not use vents to control VCM evaporation, and have wastewater sent to 
settling ponds.  Flow meters are not available to measure the volumes of effluent.  
In addition, there is no data for the amount of sludge produced.  Hence, the activity 
rate for this category was based on PVC production rate rather than liquid effluent 
and sludge production data. 
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7.3.2 Estimation of Releases 
 
Both plants are more than 10 years old and utilize relatively simple wastewater and 
sludge treatment methods; hence, were assigned as Class 1.  Total estimated 
releases amount to 0.003 g TEQ/a to water and 0.01 g TEQ/a to residues, using 
the factors 0.03 µg TEQ/ton and 0.095 µg TEQ/ton of PVC produced respectively. 
 
7.3.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking since production 
data were provided by the two PVC manufacturers in the country.  The class 
assignment was also given a 'high' certainty ranking considering the age of the two 

plants and the simplicity of their wastewater and sludge treatment methods. 
 
7.4 CATEGORY 7D: CHLORINATED AROMATIC CHEMICALS 
 
Category 7d involves the manufacture and/or use of the following 12 compounds or 
groups of compounds: 
 

 1,4-Dichlorobenzene (1,4-D) 

 PCBs 

 Pentachlorophenol (PCP) 

 Sodium pentachlorophenol (PCP-Na) 

 2,4,5-Trichlorophenoxy acetic acid (2,4,5-T) 

 2,4,6-Trichlorophenol 

 2,4-dichlorophenoxyacetic acid (2,4-D) and derivatives 

 Chloronitrofen (CNP) 

 p-chloranil 

 Phthalocyanine dyes and pigments 

 Dioxazine-based pigments 

 Triclosan 
 
PCBs are regulated under DAO 2004-01: Chemical Control Order for PCBs 
pursuant to RA 6969 and its IRR (DAO 1992-29).  Effective 19 March 2004, the 
manufacture and import of PCBs were banned, leading to the gradual phase-out of 
the substance. 
 
There is no existing manufacturer as well for the other 11 compounds or groups of 
compounds listed above.  The presence/use of these chemicals locally was 
established through the import data provided by BOC using the compounds‟ 
corresponding tariff codes (where available).  Importation data affirmed the 
presence of 1,4-D and 2,4-D and derivatives; and the absence of PCP, PCP-Na, 
2,4,5-T, 2,4,6-Trichlorophenol, and CNP.  All importers were then surveyed to 
determine if they process the chemicals, and if the manufactured products are 
eventually exported or sold locally. 
 
Unfortunately, no specific tariff codes are available for p-chloranil, phthalocyanine 
dyes and pigments, and dioxazine-based pigments; but these chemicals were 
presumed to be part of other tariff codes classified as ketone-phenols and ketones 
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with other oxygen function and quinone (chloranil), dyes, or tanning substances.  
Identified importers of the said chemicals were then surveyed to confirm the 
presence/absence of the three compounds.  The results showed that only 
phthalocyanine green dye exists and that this was used eventually by a textile mill. 
 
On the other hand, establishing the presence/absence of triclosan was harder 
since no tariff code is assigned for it and it is most likely imported in pre-
manufactured products.  As such, the Food and Drug Administration (FDA) was 
approached to obtain a list of registered products containing triclosan.  Based on 
the list, local distributors and manufacturers of products containing triclosan were 
surveyed to determine the consumption and source of triclosan as well as the 
technology used by the overseas triclosan manufacturers. 
 
In December 2012, two chemicals were added to the UNEP Toolkit for this category.  
These are: 
 

 Pentachloronitrobenzene (quintozene) 

 Chlorinated Paraffins 
 
Due to the late timing of these additions, no verification of the local existence of 
these two chemicals was carried out and this was identified as a data gap for this 
Inventory. 
 
7.4.1 Determination of Activity Rates 
 
Determining the activity rates for chemicals under Category 7d is discussed in the 
succeeding subsections. 
 
7.4.1.1 Subcategory 7d1: 1,4-Dichlorobenzene 

 
According to the information obtained from BOC, there are seven importers of 1,4-
D with a total of 982.66 tons imported in 2010.  Based on the UNEP Toolkit, the 
activity rate for 1,4-D should be in tons of product.  Hence, each importer was 
surveyed to determine if they process the imported chemicals, and if the 
manufactured products are eventually exported or sold locally.  Unfortunately, one 
importer does not know the concentration of 1,4-D in their product; and the other 
three importers are traders and do not want to provide any other information.  
Consequently, it was assumed that all imported 1,4-D for these traders was 
processed into a product and not exported; resulting in a total annual usage of 
900.5 tons.  Table 35 presents the details for computing the activity rate. 
 

Table 35. Basis for Determining the Activity Rate for 1,4-D 

Importer 

Import 

Volume 
(tons) 

Concentration of 

1,4D in Product 

Product 

Volume 

with 1,4D 
(tons) 

Export Volume 

(tons) 

Total 

Local 

Volume 
(tons) 

A 40.48 98.85% 40.01 Does not export 40.01 

B 121.44 99.00% 120.23 Does not export 120.23 

C 105.84 98.00% 103.72 78.36 25.36 

D 633.94   Does not export 633.94 

E 20.24 Does not want to provide any other information 20.24 

F 20.24 Does not want to provide any other information 20.24 

G 40.48 Does not want to provide any other information 40.48 

Total 982.66  900.50 
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7.4.1.2 Subcategory 7d7: 2,4-D and Derivatives 
 
According to the information obtained from BOC, there is only one importer of 2,4-
D who imported a total of 774 tons in 2010. 
 
7.4.1.3 Subcategory 7d10: Phthalocyanine Dyes and Pigments 
 
Results of the survey showed that only one chemical supplier imported the relevant 
colorant (phthalocyanine green dye), which totaled 3.6 tons in 2010.  This was 
eventually supplied to a textile mill, details of which are presented in Category 7g: 
Textile Production.  In addition, seven chemical suppliers disclosed that they do not 
import any of the relevant colorants, one refused to provide any information, while 
one did not respond. 
 
7.4.1.4 Subcategory 7d13: Triclosan 

 
According to the information obtained from FDA, there are 26 local distributors 
and/or manufacturers of products containing triclosan.  These were all surveyed 
and only five indicated usage of triclosan in their product; six indicated the non-
use of triclosan, the non-importation of triclosan in 2010, or the discontinued use 
of triclosan; while 15 did not reply. 
 
Surveyed data for the five respondents were then used to extrapolate data of 
establishments that did not respond and come up with the national data.  The 
extrapolated activity rate gave a result of 3.3 tons of triclosan used in products for 
2010. 
 
7.4.2 Estimation of Releases 
 
Classifying establishments under Subcategory 7d1 (1,4-D) and 7d10: 
Phthalocyanine Dyes and Pigments were straightforward.  As for Subcategory 7d7: 
2,4-D and Derivatives and 7d13: Triclosan, classification depends on the „normal‟ 
dioxin content of their product; or whether the manufacturing process (used by the 
overseas supplier) is best described as low, middle, or high-end technology.  
Unfortunately, the lone establishment under 7d7 and the five establishments under 
7d10 were not able to provide any of the required information.  Hence, a „mid-
range‟ estimate (Class 2) was adopted. 
 
Using the release factors from the UNEP Toolkit, estimated releases from this 
category amount to 0.172 g TEQ/a.  Table 36 details the releases. 
 

Table 36. Estimated Releases from Chlorinated Aromatic Chemicals 
Sub-

category 

No. 

Subcategory 

Description 
Class 

2010 

Production 

(tons) 

Product 

Release Factor 

(µg TEQ/ton) 

2010 Product 

Releases 

(g TEQ/a) 

1 1,4-D n/a 901 39 0.035 

7 2,4-D and Derivatives 2 774 170 0.132 

10 Phthalocyanine Dyes 
and Pigments 

n/a 3.6 1,400 0.005 

13 Triclosan 2 3.3 60 0.0002 

Total  1682  0.172 
Note: Details may not add up to total due to rounding off. 
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For comparative purposes, estimates based on the three classes are provided in 
Table 37 for those subcategories where the „mid-range‟ estimate was adopted. 
 

Table 37. Extrapolated Activity Rates for Category 2c with 90 Percent 
Confidence Intervals 

Subcategory/Class 
Activity Rate 

(tons) 

Release Factor 

(µg TEQ/ton) 

2010 Releases 

(g TEQ/a) 

Product Residue Product Residue 

7d7: 2,4-D and Derivatives 

     Class 1 774 5,688 ND 4.403 ND 

     Class 2 170 ND 0.132 ND 

     Class 3 0.1 ND negligible ND 

7d10: Triclosan 

     Class 1 3.3 1,700 82,000 0.0056 0.272 

     Class 2 60 ND 0.0002 ND 

     Class 3 3 ND negligible ND 

 
Results showed that the activity rate for Subcategory 7d10 is so small that the 
differences in the releases across classes are minimal.  On the other hand, results 
for Subcategory 7d7 showed more significant differences in releases across classes 
because of the larger activity rate. 
 
7.4.3 Certainty Ranking 
 
The PCDD/PCDF Inventory for Category 7d is summarized in Table 38.  Chemicals 
included in this category vary in their certainty ranking.  For Subcategory 7d1, the 
activity statistics were assigned a „medium‟ certainty ranking since some 
information was not obtained from the surveyed establishments.  On the other 
hand, there is only one class for Subcategory 7d1; hence, the classification was 
straightforward. 
 

Table 38. Summary of PCDD/PCDF Inventory for Chlorinated Aromatic 
Chemicals 

Sub-

category 

Subcategory 

Description 

2010 

Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Activity Rate 

Certainty 

Ranking 

Class 

Assignment 

Certainty 

Ranking 

1 1,4-D 0.035 20.33% Medium High 

7 2,4-D and Derivatives 0.132 76.66% High Low 

10 Phthalocyanine Dyes 
and Pigments 

0.005 2.90% High High 

13 Triclosan 0.0002 0.12% Medium Low 

Total 0.1722 100%   

 
The activity statistics for Subcategory 7d7 were assigned a 'high' certainty ranking 
since information was obtained from BOC.  However, the class assignment was 
given a 'low' certainty ranking since the required information was not obtained and 
the classification was only based on a conservative approach. 
 
As for Subcategory 7d10, the activity statistics were assigned a „high‟ certainty 
ranking since all the other surveyed chemical suppliers indicated that they do not 
import any of the relevant colorants.  The class assignment was also given a 'high' 
certainty ranking since the classification was straightforward. 
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Lastly for Subcategory 7d13, the activity statistics were assigned a „medium‟ 
certainty ranking since five respondents indicated usage of triclosan in product; 
while 15 did not reply.  On the other hand, the class assignment was given a 'low' 
certainty ranking since the classification was only based on a mid-range estimate. 
 
7.5 CATEGORY 7E: OTHER CHLORINATED AND NON-CHLORINATED CHEMICALS 
 
Chemicals covered by Category 7e include titanium tetrachloride (TiCl4), titanium 
dioxide (TiO2), and caprolactam.  TiO2 finds its application as a component in white 
pigments.  Closely related to the manufacture of TiO2 is the manufacture of TiCl4.  
The latter, in gas form, is oxidized to form TiO2.  On the other hand, caprolactam is 
often used as raw material for nylon manufacture (UNEP, 2012). 
 
There is no local manufacturing activity for these compounds and they are merely 
imported into the country as per BOC data.  These imports are not covered by the 
Inventory since PCDD/PCDF releases from these chemicals only occur during 

manufacturing. 
 
7.6 CATEGORY 7F: PETROLEUM PRODUCTION 
 
This category deals with the conversion of crude oil into refined products.  Potential 
sources of PCDD/PCDF are from the combustion of fuels which are used for 
boilers, vent emissions coming from coking units and catalyst regenerators, and 
emissions from gas flares.  The combustion of fuels during refining is not included 
in Group 7, because it is accounted for in Group 3: Power Generation and Heating. 
 
There are only two petroleum refineries in the country.  These two were both 
surveyed to estimate releases for this category. 
 
7.6.1 Determination of Activity Rates 

 
Releases associated with petroleum refineries come from the flaring of gases, the 
catalytic reforming unit, the coking unit, and the wastewater treatment facility.  
Results of the survey showed that the two refineries flared 13,775,265 m3 of fuel in 
2010.  This is equivalent to 517 TJ, using the energy factor 0.0000375 TJ/m3 
(UNEP, 2005).  In addition, both refineries utilize catalytic reforming units, with a 
total production of 735,963,736 tons of naphtha in 2010; and refinery-wide 
wastewater treatment facilities, with a total of 3,276,504,000 liters of wastewater 
treated in 2010. 
 
7.6.2 Estimation of Releases 
 
Releases from petroleum refineries resulted in a total of 12.53 g TEQ, of which 99.8 
percent come from the catalytic reforming unit.  Table 39 details the releases. 
 

Table 39. Estimated Releases from Petroleum Production 

Description 
2010 

Activity 
Rate 

Unit 
Release 
Route 

Release Factors 
(TEQ/unit) 

2010 
Releases 
(g TEQ/a) 

Flaring of Gases 517 TJ Air 0.25 g 0.00013 

Catalytic Reforming Unit 735,963,736 tons Air 0.017 g 12.511 

Wastewater Treatment 
Facility 

3,276,504,00
0 

liters Water 5 pg 0.016 

Total 12.527 

Note: pg - picogram 
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7.6.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics and class assignment were both assigned a „high‟ certainty 
ranking since all required information was obtained from the two refineries. 
 
7.7 CATEGORY 7G: TEXTILE PRODUCTION 
 
Releases from textile production potentially come from the contamination of raw 
materials due to pesticide treatment and the use of chlorine containing dyes such 
as p-chloranil (2,3,5,6-tetrachloro-2,5-cyclohexadiene-1,2-dione), 
tetrachlorophthalic acid and related pigments, dioxazine dyes and pigments, and 
phthalocyanine dyes and pigments. 

 
The textile industry in the Philippines has been declining possibly due to 
competition with imported counterparts and high manufacturing costs.  These 
mills are situated in the areas of the National Capital Region, Central Luzon, and 
Southern Luzon. 
 
The Textile Manufacturing Association of the Philippines provided a list of textile 
manufacturers in the country.  Fourteen textile mills were identified and all were 
surveyed to verify whether they utilize any of the above-mentioned colorants. 
 
7.7.1 Determination of Activity Rates 
 
Results of the survey showed that only one textile mill used phthalocyanine green 
dye, which was applied to 48.64 tons of printed fabrics in 2010.  Six textile mills 
indicated that they did not use any of the relevant colorants, four did not reply, 
while three have ceased operation. 
 
7.7.2 Estimation of Releases 
 
Releases from the textile production overlap with the releases associated with the 
consumption of Phthalocyanine Dyes and Pigments (Subcategory 7d10).  As such, 
only one of the two releases should be accounted for in the Inventory to prevent 
double accounting. 
 
The textile mill was assigned as Class 1, with estimated product releases 
amounting to 4,864 µg TEQ/a using the factor 100 µg TEQ/ton of textile produced.  
This estimate is 3.5 percent lower than the estimate calculated for Subcategory 
7d10 (5,040 µg TEQ/a).  To be conservative, the category which results in a higher 
total release was used in the Inventory. 
 
7.7.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking since all the other 
surveyed textile mills indicated that none of them use any of the relevant colorants.  
The class assignment was also given a 'high' certainty ranking considering the 
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cross-check calculation conducted for Subcategory 7d10 that resulted in a 
difference of only 3.5 percent. 
 
7.8 CATEGORY 7H: LEATHER REFINING 
 
The leather industry in the Philippines can be classified as leather tanneries or as 
manufacturers of leather goods.  Leather tanneries are those who treat or process 
raw animal skin or hides to convert them into leather, and eventually into leather 
goods.  These tanneries are mostly located in Region 3, specifically in the province 
of Bulacan.  Similar to the textile milling industry, the leather tanning industry has 
declined due to economic reasons and dwindling numbers of clients. 
 
On the other hand, manufacturers of leather goods process dried leather and 
convert the material into a variety of products.  The UNEP Toolkit establishes that 
concentrations of PCDD/PCDF found in finished leather goods are formed during 
tanning, particularly in the use of PCDD/PCDF contaminated dyes, biocides, and 

other chemicals.  As such, the manufacture of leather goods is not a concern for 
this Inventory. 
 
The Tanner‟s Association of the Philippines (TAP) and information from EMB Region 
3 were used in generating the list of leather manufacturers in the country.  The list 
initially contained 46 establishments.  Upon review by the current President of TAP, 
the list was narrowed down to 10 establishments primarily because the other 
establishments have already closed or are not tanneries.  The 10 establishments 
were then surveyed to determine whether they use the relevant chemicals in their 
tanning process.  Moreover, six suppliers of tanning chemicals were identified by 
some of the surveyed establishments, and these suppliers were also surveyed. 
 
Results of the survey showed that the relevant chemicals are not being used by 
leather tanneries nor imported by the chemical suppliers. 
 
7.9 GROUP 7 SUMMARY 
 
The PCDD/PCDF Inventory for Group 7 is summarized in Table 40.  Total releases 
were estimated at 15.914 g TEQ/a; with releases from petroleum refining 
contributing more than three-fourths (78.72%) of the group's releases.  Releases 
from pulp and paper production followed with almost 20 percent, while the rest are 
already negligible. 
 
In terms of certainty ranking, activity rates and class assignments for all categories 
(except Category 7d) were considered with high certainty ranking since all required 
information from establishments under these categories was obtained.  On the 
other hand, the activity rate for Category 7d was considered with generally medium 
certainty considering the information obtained; details of which are: 
 

 All information for subcategories 7d7 and 7d10 was obtained 

 Majority of information for subcategory 7d1 was obtained 

 Limited amount of information for subcategory 7d13 was obtained 
 
Similarly, Category 7d was given a generally medium certainty ranking since the 
classifications for subcategories 7d1 and 7d10 were straightforward; while 
classifications for subcategories 7d7 and 7d13 were just assumed because some of 
the required information was not provided. 
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Table 40. Summary of PCDD/PCDF Inventory for Group 7 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a Pulp and paper 

production 

3.133 19.69% High High 

b Chlorinated 

inorganic chemicals 

0.068 0.43% High High 

c Chlorinated 

aliphatic chemicals 

0.013 0.08% High High 

d Chlorinated 
aromatic chemicals 

0.172 1.08% Medium Medium 

f Petroleum 

production 

12.528 78.72% High High 

Total 15.914 100%   

 

8. GROUP 8: MISCELLANEOUS 
 
This Group comprises five activities that could not be classified under other Source 
Groups, and as such was termed “miscellaneous”.  Significant releases occur in the 
residues (ash) and in the air, except for Dry Cleaning, which is to water.  Relevant 
releases in the product occur for drying of biomass, smoke houses, and dry 
cleaning. 
 
The categories under Group 8 are presented in Table 41 with the corresponding 
potential release routes of PCDD/PCDF. 
 

Table 41. Categories of Group 8: Miscellaneous 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Drying of 

biomass 

X   X X 

b Crematoria X    X 

c Smoke houses X   X X 

d Dry cleaning  X  X X 

e Tobacco 

smoking 

X    X 

Note: X - Release route is expected to be predominant 

 
8.1 CATEGORY 8A: DRYING OF BIOMASS 
 
Drying of woody or herbaceous biomass (e.g., wood chips or green fodder) occurs 
either with or without containment.  PCDD/PCDF releases result from the use of 
potentially contaminated fuels.  In the absence of measured data, copra and other 
local biomass are also included in Category 8a (UNEP, 2012). 

 
In the Philippines, biomass subjected to drying includes carrageenan, rubber, rice, 
wood, and coconut.  Of these, coconut is predominantly the biomass which 
undergoes drying using direct exposure to combustion gases, while the others are 
either dried through sun-drying or through the use of drying equipment such as air 
heaters.  The main product of coconut drying is copra, which is a major export 
commodity of the Philippines.  Fuels used for copra production are usually coconut 
husks and shells. 
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8.1.1 Determination of Activity Rates 

 
Local industry experts affirmed that the only observed practice of direct drying of 
biomass is the drying of copra.  The amount of copra produced in 2010 was back-
calculated from the 2010 Philippine Coconut Oil Production statistics (1,824,000 
tons), using an average copra to oil yield conversion factor of 68 percent according 
to the Coconut Developing Board5.  This resulted to 2,682,353 tons of copra 
produced in 2010. 
 
The 2012 version of the UNEP Toolkit includes another activity rate for Category 
8a, which is the amount of ash generated from the drying of biomass.  This was 
obtained by getting the amount of husks used (1,649,647 tons) per weight of 
coconut dried using a local drying factor (Tapahan Dryer Conversion Factor of 
0.615 husks per coconut dried or copra).  From there, the typical ash content of 
coconut husks (6%) was used, resulting in an estimate of 98,979 tons of ash 
generated. 

 
8.1.2 Estimation of Releases 
 
Releases for this category are classified based on the type of fuel used for drying.  
Coconut husks and shells, which are generally used as fuel in the drying of copra 
in the Philippines, are considered as clean fuel.  Hence, drying of copra was 
assigned as Class 3, with estimated releases amounting to 0.027 g TEQ/a to air 

and 0.268 g TEQ/a in the product; using the factors 0.01 g TEQ/ton and 0.1 g 
TEQ/ton of dried copra, respectively.  In addition, 0.495 g TEQ/a were estimated 

as releases to residues, using the factor 5 g TEQ/ton of ash generated. 
 
8.1.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because the activity 
rate was derived from the 2010 data of PCA using appropriate conversion factors.  
The class assignment was also given a „high certainty ranking because the type of 
fuel used in copra drying is coconut husks and shells, which are considered clean 
fuel. 
 
8.2 CATEGORY 8B: CREMATORIA 
 
Cremation is a common practice in many societies to dispose human bodies by 
burning.  PCDD/PCDF releases from this activity are associated with the 
combustion process (UNEP, 2012). 
 
In the Philippines, the predominant religion is Roman Catholic and traditional 
burial is still the preferred way of honoring the dead.  However, cremation is slowly 
becoming more common because it is more convenient and more economical.  The 
bulk of crematory facilities are located in Metro Manila and nearby provinces. 
 

                                           
5 Coconut Development Board is a statutory body established under the Ministry of Agriculture, 
Government of India for the integrated development of coconut cultivation and industry in the country 
with focus on productivity increase and product diversification. 
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8.2.1 Determination of Activity Rates 

 
A list of crematoria in the Philippines was generated using information from DTI, 
Philippine Mortuary Association, and "Newlife TechWin" (a major crematoria 
equipment supplier in the Philippines).  Based on the above information, a total of 
44 crematoria were identified and eventually surveyed. 
 
Of the 44 crematoria surveyed, only 15 responded.  Hence, surveyed data had to be 
extrapolated to represent national data, using the approach described in Section 
4.3.2, Part I of this Inventory. 
 
Results of the survey showed that the number of cremated bodies in Metro Manila 
differs significantly from those outside of Metro Manila.  Consequently, two sets of 
extrapolation were done: one for Metro Manila and another for outside of Metro 
Manila. 
 

The extrapolation resulted in a total of 7,069 bodies (4,736 in Metro Manila and 
2,333 outside Metro Manila) cremated in 2010, with corresponding 90 percent 
confidence intervals of 5,676 bodies (lower bound) and 8,171 bodies (upper bound). 
 
8.2.2 Estimation of Releases 
 
Releases from crematoria are classified according to the type of furnace technology, 
combustion conditions, APCS used, and materials burned during cremation.  This 
information was obtained through surveys as well as from the crematory equipment 
supplier. 
 
The furnace technology employed in almost all cremation facilities in the 
Philippines is either single or dual chamber, with operating temperatures reaching 

850 C and above, and with afterburners.  In addition, the materials burned with 
the body may include cardboard, a corrugated box, a satin lining of the box, 
garments, paper, flower petals, and/or religious items.  Thus, all crematoria were 
assigned as Class 2, with estimated releases of 0.071 g TEQ/a to air and 0.018 g 

TEQ/a in residues; using the factors 10 g TEQ/cremation and 2.5 g 
TEQ/cremation, respectively. 
 
8.2.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: High 

 
The activity statistics were assigned a „medium‟ certainty ranking because data was 
derived from 32 percent of the surveyed population.  On the other hand, the class 
assignment was given a „high‟ certainty ranking since information on the type of 
furnace technology, combustion conditions, APCS used, and materials burned 
during cremation was relatively the same for all respondents. 
 
8.3 CATEGORY 8C: SMOKEHOUSES 
 
Smoking food for preservation of meat and fish is common practice in many 
countries just like the Philippines.  Smoke houses are commonly small installations 
that use wood as fuel and have sub‐optimal combustion conditions. 
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In the Philippines, smokehouses are mostly located in Regions (i.e., Region 3, 4, 
and 7) engaged in livestock production as well as in urban cities such as Pasig, 
Caloocan, and Valenzuela.  Technology used for the smoking process has already 
progressed such that the major producers of smoked meat/fish use liquid-smoking 
technology, which utilizes steam coupled with smoke „additives‟ rather than 
conventional wood burning.  However, smokehouses that utilize wood and biomass 
are still present due to its lower operational cost.  Wood, in its raw and sawdust 
form, was observed to be the primary fuel used for smoking meat/fish. 
 
A list of potential smokehouses was generated based on various data sources.  
These included DOST-ITDI, DTI, NMIS, Bureau of Fisheries and Aquatic Resources, 
EMB ROs, Philippine Association of Meat Processors, Inc. and Philexport.  All 
potential smokehouses (316 establishments) based on the generated list were called 
to verify if they smoke meat/fish and use biomass as fuel.  Only 32 were confirmed 
to smoke meat/fish using biomass as fuel and two of these were not operational in 
2010.  In addition, 114 were confirmed not to smoke meat/fish or smoke meat/fish 

but use fossil fuel; while the rest (170) could not be reached. 
 
8.3.1 Determination of Activity Rates 
 
There are two activity rates for this category.  These are the amount of smoked 
product and the amount of ash generated from the smoking process.  All 30 
smokehouses included in the Inventory were surveyed but only eight responded. 
 
Results of the survey showed that the types of fuel used in smokehouses include 
sawdust, wood chips, charcoal, sugarcane crust and lumber chips.  The typical ash 
content6 of these fuels was multiplied with the computed amount of fuel 
consumption to obtain the amount of ash generated. 
 
Surveyed data were then extrapolated to represent national data using the 
approach described in Section 4.3.2, Part I of this Inventory.  The extrapolated 
activity rates are presented in Table 42 together with their corresponding 90 
percent confidence intervals. 
 

Table 42. Extrapolated Activity Rates for Category 8c with 90 Percent 
Confidence Intervals 

Type of Activity Rate Unit 
Extrapolated 

Activity Rate 

90 Percent Confidence 

Intervals 

Lower Bound Upper Bound 

2010 Smoked Product tons 8,189 6,198 21,041 

2010 Ash Generated kg 556 541 616 

 
8.3.2 Estimation of Releases 
 
Releases from this category are classified based on the type of fuel and APCS used.  

Results of the survey showed that all smokehouses use clean fuel (wood, charcoal, 
or bagasse) and none of them use APCS.  Based on the UNEP Toolkit, these are 
assigned as Class 1 with estimated releases of 0.045 g TEQ/a to air and 0.00001 g 
TEQ/a to residues; using the factors 6 µg TEQ/ton of smoked product and 20 
nanogram TEQ/kg of ash generated. 
 

                                           
6 Ash contents were taken from Characterization of Sawdust Residues for Cyclone Gasifier (Miskam et 
al., 2009), Simple Technologies for Charcoal Making (FAO, 1987), or from www.biofuelsb2b.com. 
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8.3.3 Certainty Ranking 

 
Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking.  Although data was 
derived from 27 percent of the surveyed population, there is still uncertainty in 
determining the true population of smokehouses.  On the other hand, the class 
assignment was given a „medium‟ certainty ranking.  Even if information on the 
type of fuel and APCS used were mostly provided by the surveyed establishments; 
there is some uncertainty in classifying those establishments not surveyed. 
 
8.4 CATEGORY 8D: DRY CLEANING 
 
Dry cleaning refers to the cleaning of textiles with the use of organic solvents.  
Typical solvents used for dry cleaning are perchloroethylene (PCE), petrol, or 

fluorocarbons.  PCDD/PCDF releases occur through the transfer of PCDD/PCDF 
from the textiles into the solvent, and eventually into the residues.  Sources of 
PCDD/PCDF in the textile are from the use of contaminated biocides, such as PCP, 
to protect textiles or raw materials – wool, cotton, etc. – and the use on textiles of 
PCDD/PCDF-contaminated colorants (UNEP, 2012). 
 
The dry cleaning industry in the Philippines is characterized by small and medium 
establishments, which are often located in the urban areas.  It is one local industry 
without centralized data.  In estimating the releases from dry cleaning facilities, the 
approach used was based on the import volume of dry cleaning solvent, as 
indicated in Example 3 of Annex 52; Source Category 8d Dry Cleaning of the 
December 2012 UNEP Toolkit. 
 
8.4.1 Determination of Activity Rates 

 
Based on the data obtained from BOC, the import volume of PCE in 2010 was 
about 560 tons.  However, PCE has applications other than dry cleaning.  Hence, 
the distribution between different end-uses has to be identified. 
 
Aside from the import volume, the list of PCE importers was also provided by BOC.  
This showed that there were five importers of PCE in 2010 and 123 tons were 
imported by a petroleum refinery (probably using PCE for catalyst regeneration).  
Hence, the latter amount was identified not to be part of this category. 
 
Since PCE is on EMB's Priority Chemical List (PCL), importers are required to 
submit PCL Annual Reports to EMB.  Hence, access to the reports of the four 
importers was requested from EMB. 
 
Unfortunately, only three of the four importers submitted PCL Annual Report for 

2010.  The fourth importer was eventually surveyed but refused to provide any 
information.  Hence, information from this importer had to be extrapolated using 
the approach described in Section 4.3.2, Part I of this Inventory. 
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The three importers who submitted PCL Annual Reports were surveyed to answer 
the following questions: 
 

 Do they use or distribute their imported PCE? 

 If used, is the PCE used for dry cleaning? 

 If distributed, who are their customers and is the PCE eventually used for 
dry cleaning? 

 How much PCE is consumed by users or distributed by distributors? 
 
The surveyed importers identified about 94 customers, which included dry 
cleaners, hotels, and distributors.  Those supplied to hotels were assumed to be 
used for dry cleaning though PCE may also be used for general cleaning; hence, 
there is some uncertainty with this assumption.  On the other hand, PCE supplied 
to distributors had to be traced even further.  As such, these distributors were also 
surveyed. 
 

The results of all data gathering activities showed that 142 tons of PCE are 
potentially used for dry cleaning.  Based on the UNEP Toolkit, the activity rate for 
this category is expressed in tons of distillation residues.  The Toolkit also provided 
factors for estimating the tons of distillation residues from the tons of PCE used for 
dry cleaning.  These factors are 10 kg of PCE per ton of textile and 15 g of residues 
per kg of treated textile.  Hence, the activity rate for this category was estimated to 
be 214 tons of distillation residues. 
 
8.4.2 Estimation of Releases 
 
Releases for this category are classified based on the type of textiles being dry-
cleaned.  Class 1 involves dry cleaning of highly contaminated textiles, e.g., carpets 
or heavy curtains suspected to be treated with PCP or clothing of workers or other 
textiles from dioxin‐polluted environments; while Class 2 involves cleaning of 
uncontaminated clothing and other textiles.  Since there are no importers of PCP in 
the country, it was assumed that all textiles dry cleaned fall under Class 2, with 
estimated releases of 0.011 g TEQ/a to residues; using the factor 50 µg TEQ/ton of 
distillation residue. 
 
8.4.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking because the activity 
rate was derived using several assumptions.  On the other hand, the class 
assignment was given a „medium‟ certainty ranking because classification was 
based on expert judgment, considering that PCP is no longer imported into the 
country. 

 
8.5 CATEGORY 8E: TOBACCO SMOKING 
 
Tobacco and tobacco products contain chlorine that occurs naturally in the tobacco 
plant itself.  This chlorine may be in the form of PCDD/PCDF or could come from 
the organochlorine pesticides applied in tobacco farming, or from natural chloride 
sources (UNEP, 2012). 
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The Philippines is among the top smoking countries in the world.  Male smokers 
ranked 9th, while female smokers are 16th based on the 2008 study conducted by 
DOH.  Moreover, NSO estimated that there are 61.3 million adult Filipinos, aged 15 
and above, who are current tobacco smokers.  This is partially due to the price of 
cigarettes that is relatively low.  The local tobacco industry is anticipated to be 
greatly affected by the recent enactment of RA 10351 or the Restructured Sin Tax 
Law, which imposes “sin” taxes on cigarettes and alcohol. 
 
8.5.1 Determination of Activity Rates 
 
Information on the production, import, and export of cigars and cigarettes was 
obtained from the National Tobacco Administration (NTA) as well as the weight of 
cigars and cigarettes.  Import data were added to the cigar and cigarette 
production; while the export data were deducted.  This resulted in a total of 1.41 
million cigars and 94,904 million cigarettes consumed locally in 2010. 
 

8.5.2 Estimation of Releases 
 
Releases for this category are classified based on the number of cigars (Class 1) and 
cigarettes (Class 2).  A cigar is typically three times as heavy as a cigarette; hence, 
the release factors for cigars are three times that of cigarettes as seen in the UNEP 
Toolkit.  However, based on the data provided by NTA, local cigars weigh about 7.6 
times that of cigarettes.  As a result, release factors were adjusted accordingly; 
resulting in a total estimated release of 0.0095 g TEQ/a each to air and residues.  
Table 43 details the estimated releases for this category. 
 

Table 43. Estimated Releases from Tobacco Smoking 

Class 
No. 

Class 
Description 

Million Cigars 
or Cigarettes 

Release Factors 

(µg TEQ/million cigar 

or cigarette) 

2010 Releases 

(g TEQ/a) 

Air Residue Air Residue 

1 Cigar 1.41 0.76 0.76 0.000001 0.000001 

2 Cigarette 94,903.68 0.1 0.1 0.0095 0.0095 

Total 94,905.09   0.0095 0.0095 

 
8.5.3 Certainty Ranking 
 

Activity statistics: High 
Class assignment: High 

 
The activity statistics were assigned a „high‟ certainty ranking because information 
was based on national statistics in 2010.  The class assignment was also given a 
„high‟ certainty ranking since classifications were straightforward. 
 
8.6 GROUP 8 SUMMARY 

 
The PCDD/PCDF Inventory for Group 8 is summarized in Table 44.  Total releases 
for the group were relatively low, which was estimated at 0.953 g TEQ/a; with the 
bulk of this (82.92%) coming from the drying of biomass. 
 
Only tobacco smoking was assigned a high certainty ranking for both activity rate 
and class assignment because information was based on national statistics for 
2010 and the classifications were straightforward. 
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In terms of ranking activity rates, smokehouses were assigned a low certainty 
ranking since data was derived from 27 percent of the surveyed population and 
there is also uncertainty in determining the true population of smokehouses.  
Similarly, dry cleaning was classified as low since the activity rate was derived 
using several assumptions. 
 
Drying of biomass was assigned as medium since the activity rate was just derived 
from the 2010 data of PCA using appropriate conversion factors; while crematoria 
were also assigned as medium because the data were derived from only 32 percent 
of the surveyed population. 
 
As for class assignments, smokehouses and dry cleaning were given a medium 
certainty ranking as assignment was based on expert judgment.  On the other 
hand, the rest of the categories under Group 8 were given high certainty rankings. 
 

Table 44. Summary of PCDD/PCDF Inventory for Group 8 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a Drying of biomass 0.790 82.92% Medium High 

b Crematoria 0.088 9.28% Medium High 

c Smoke houses 0.045 4.69% Low Medium 

d Dry cleaning 0.011 1.12% Low Medium 

e Tobacco smoking 0.019 1.99% High High 

Total 0.953 100%   

 
9. GROUP 9: DISPOSAL/LANDFILL 
 
This Group deals with waste disposal processes.  These processes are used to 

dispose of PCDD/PCDF‐contaminated wastes, many of which are residues of 
processes that have been addressed in other source groups.  The management of 
these residues via non-thermal processes can result in PCDD/PCDF releases to the 
environment. 
 
The categories under Group 9 are presented in Table 45 and are discussed in detail 
in the succeeding subsections. 
 

Table 45. Categories of Group 9: Disposal/Landfill 

Category 
Potential Release Route 

Air Water Land Product Residue 

a Landfills, waste dumps and landfill 

mining 

 X X   

b Sewage/sewage treatment (x) X X X  

c Open water dumping  X X  X 

d Composting   X X  

e Waste oil treatment (non-thermal) X X X X X 
Notes: X  - Release route is expected to be predominant 
 (x) - Additional release routes to be considered 

 
9.1 CATEGORY 9A: LANDFILLS, WASTE DUMPS AND LANDFILL MINING 
 
An engineered landfill is a constructed waste storage site where the wastes are 
contained and controlled by liners and caps (UNEP, 2012).  In contrast; pits, 
dumps and piles have no engineered containment or pollution control techniques 
and are largely unregulated and uncontrolled.  Materials from old landfills may be 
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extracted for purposes of materials, land, and/or landfill space recovery and 
environmental remediation.  This activity is referred to as landfill mining.  However, 
according to the NSWMC, this is not really practiced in the Philippines. 
 
For Category 9a, PCDD/PCDF is primarily released through leachate and in 
residues.  PCDD/PCDF releases associated with the combustion of landfill gas are 
covered by Category 3c: Landfill Biogas Combustion. 
 
Due to the stringent national emission standards of RA 8749, landfills and 
dumpsites are the principal means of solid waste disposal in the Philippines.  In 
addition, RA 9003 requires that the final disposal of solid and, eventually, residual 
wastes of a municipality or city or a cluster of municipalities and/or cities be into a 
sanitary landfill starting January 26, 2006.  However, as of 2010, there are only 44 
operational sanitary landfills in the country; compared to the 339 controlled and 
606 open dumpsites. 
 

Landfills of various degrees of technology are in operation throughout the country 
as established in DAO 2006-10 or the Guidelines on the Categorized Final Disposal 
Facilities (Sanitary Landfill).  Accordingly, the country‟s most sophisticated landfill 
technology involves leachate treatment, which is classified as Category 4 in DAO 
2006-10 or Class 3 in the UNEP Toolkit. 
 
9.1.1 Determination of Activity Rates 
 
Activity rates for Category 9a are based on the volume of leachate treated and 
waste tonnage (excluding wastes that have already been accounted for in other 
categories). 
 
During the data collection process, the lists of sanitary landfills and dumpsites 
were obtained from NSWMC as well as the category and capacity of each facility.  
From the list of sanitary landfills, nine Category 4 landfills were identified; two of 
which were non-operational.  In addition, one known private establishment has its 
own sanitary landfill.  All sanitary landfills were surveyed to determine the volume 
of leachate treated and discharged to the environment. 
 
Results of the survey showed that all Category 4 sanitary landfills do not discharge 
treated leachate to the environment as treated leachate is just recirculated.  As for 
the private establishment, leachate is discharged to a wetland treatment facility 
prior to discharge into a receiving water body.  Hence, the amount of leachate 
treated and discharged into the environment was considered negligible. 
 
Determining the amount of waste disposed to dumpsites and sanitary landfills 
involved the same process discussed in Section 6.2.1.1.  Based on the survey, 
percentages of domestic wastes dumped into dumpsites and sanitary landfills were 
calculated for urban (16.82 and 8.26 percent respectively), partially urban (34.15 

and 13.27 percent respectively), and rural (22.51 and 0 percent respectively) LGUs.  
This resulted in a total of 4,411,103 and 1,829,447 tons of domestic wastes 
disposed to dumpsites and sanitary landfills for 2010 respectively.  In addition, 
there was one sanitary landfill in 2010 that accepted hazardous wastes.  Total 
hazardous wastes disposed in the landfill were about 15,771 tons. 
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9.1.2 Estimation of Releases 
 
Releases for this category are classified based on the type of wastes disposed to the 
waste disposal facility and the level of waste management used in the facility.  
Further details are as follows: 
 

 Class 1 - Applies to landfills where wastes from source groups 1 to 8 are 
deposited 

 Class 2 - Applies to landfilling of waste which may contain some hazardous 
components (a typical situation is in cases when no waste management is in 
place) 

 Class 3 - Applies to landfilling of non‐hazardous wastes 
 
Based on these descriptions, the sanitary landfill that accepted hazardous wastes 
was assigned as Class 1; wastes disposed in dumpsites were assigned as Class 2; 

and domestic wastes disposed in sanitary landfills were assigned as Class 3.  The 
estimated residue releases amount to almost 230 g TEQ/a.  Table 46 details the 
releases. 
 

Table 46. Estimated Releases from Landfills and Waste Dumps 

Class 

No. 
Class Description 

2010 Waste 

Disposal (tons) 

Residue Release 

Factor 

(µg TEQ/ton) 

2010 Residue 

Releases 

(g TEQ/a) 

1 Hazardous wastes 15,771 NA* NA 

2 Mixed wastes 4,411,103 50 220.555 

3 Domestic wastes 1,829,447 5 9.147 

Total 6,256,321  229.702 

 
9.1.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking because the rate was 
derived using the calculated national waste generation rates and the calculated 
percentages of domestic wastes dumped in dumpsites and sanitary landfills for 
urban, partially urban, and rural LGUs.  On the other hand, the class assignment 
was given a 'medium' certainty ranking since assignments for Class 2 and 3 were 
made based on the level (absence/presence) of waste management. 
 
9.2 CATEGORY 9B: SEWAGE/SEWAGE TREATMENT 
 
Category 9b addresses municipal sewage and industrial discharges that are 
collected and transported to wastewater treatment facilities.  Untreated sewage that 

is collected and discharged directly to surface water, such as rivers, lakes, and 
oceans, is addressed in Category 9c: Open Water Dumping. 
 
In 2004, the World Health Organization estimated that over 20 million Filipinos did 
not have access to improved sanitation, adding that open defecation is widely 
practiced in both rural and urban areas.  Of those with toilets, only 7 percent of the 
population had access to piped sewerage systems. 
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Sewage treatment is legislated by Presidential Decree No. 856 or the Code on 
Sanitation of the Philippines.  This regulation lays out the guidelines on sewage 
treatment and emphasizes that it is unlawful to discharge untreated effluent to 
bodies of water without approval of the Secretary of Health.  In addition, Section 8 
of RA 9275 (Philippine Clean Water Act of 2004) aimed for access to piped sewerage 
systems in all highly urbanized cities in 2009.  These regulations are the 
foundation for the National Sewerage and Septage Management Program, which 
aspires to improve the state of sanitation in the Philippines. 
 
9.2.1 Determination of Activity Rates 
 
Activity rates for this category include the volume of sewage treated as well as the 
amount of sludge generated.  Determining these rates involved identification of 
operational sewage treatment plants (STPs) in the country.  A list of STPs was 
sought from several sources, including the Metropolitan Waterworks and Sewerage 
System, DPWH, PEZA, etc.  Other potential STPs were identified using information 

from the 2001-2005 National Water Quality Status Report. 
 
A total of 40 STPs were identified and these were surveyed to obtain the necessary 
information.  Results of the survey showed that 65,417,465 m3 of wastewater were 
treated and 45,846 tons (dry matter) of sludge were generated in 2010, serving a 
population of 1,065,124.  In addition, an average of 61.42 m3 per capita was 
derived using data on the volume of wastewater treated and population served by 
the surveyed STPs. 
 
Aside from STPs, treatment using septic tanks was also considered as part of this 
category.  In estimating the amount of sewage treated through septic tanks, 
information on the proportion of families that have access to sanitary toilet facilities 
was used together with population data and the derived average sewage discharge 
per person. 
 
Based on the 2011 PSY, 89 percent of families had access to sanitary toilet facilities 
in 2008.  NSO also reported that the population in the Philippines is 92,337,852 in 
2010; 31 percent of which comprised of the urban population, 66 percent from 
partially urban population, and 3 percent from rural population. 
 
To avoid double accounting, the population served by the STPs was first deducted 
from the total population, giving 91,272,728.  Using this with the proportion of 
families (89 percent) that have access to sanitary toilet facilities, the percentage of 
urban (31%) and partially urban (66%) population, and the average sewage 
discharge per person (61.42 m3); the volume of water treated through septic tanks 
was estimated to be 4,844,977,875 m3.  The rural population was assumed not to 
have septic tanks; and discharges of sewage in the open are covered by Category 
9c: Open Water Dumping. 
 

9.2.2 Estimation of Releases 
 
Releases for this category are classified depending on the type of wastewater treated 
and whether the treatment involves a sludge removal process.  Further details are 
as follows: 
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 Class 1 - Applies to industrial effluents (besides normal domestic effluents) 
with a potential to contain PCDD/PCDF as described for Source Categories 1 
to 8 

 Class 2 - Applies to urban, industrial areas without specific potential to 
contain PCDD/PCDF 

 Class 3 - Applies to remote areas with no known PCDD/PCDF sources and 
urban areas with only domestic inputs 

 
Based on the above descriptions, wastewaters treated from STPs were assigned as 
Class 1 (with sludge removal); while those discharged to septic tanks were assigned 
as Class 2.  However, it should be noted that the UNEP Toolkit only provided 
release factors for no sludge removal and with sludge removal; which are both 
different from treatment via septic tanks.  As such, release factors for septic tanks 
had to be derived using the removal rate for suspended solids of septic tanks 
commonly used in the Philippines.  According to the Philippines Sanitation 
Sourcebook and Decision Aid, septic tanks in the Philippines remove suspended 

solids at an average rate of 82.5 percent (80 to 85).  Using this information, release 
factors for septic tanks were derived.  Table 47 details the estimated releases for 
this category. 
 

Table 47. Estimated Releases from Sewage/Sewage Treatment 

Class 
No. 

Class 
Description 

2010 Water Releases from Wastewater 
Treated 

2010 Residue Releases from 
Sludge Generated 

Wastewater 
Treated (m3) 

Release 
Factor 

(pg 
TEQ/liter) 

2010 
Releases 

(g 
TEQ/a) 

Sludge 
Generated 

(tons) 

Release 
Factor 

(µg 
TEQ/ton) 

2010 
Releases 
(g TEQ/a) 

1 Mixed 
domestic and 
specific 
industrial 
inputs (With 
sludge 
removal) 

65,417,465 1 0.065 45,846 200 9.169 

2 Urban and 
industrial 
inputs (Septic 
tanks) 

4,844,977,875 0.175 0.848  0.825 3.997 

Total 4,910,395,340  0.913 45,846  13.166 

 
9.2.3 Certainty Ranking 
 

Activity statistics: Medium 
Class assignment: Medium 

 
The activity statistics were assigned a „medium‟ certainty ranking as the activity 
rate for STPs was derived from STPs of concessionaires and water districts.  
However, there is uncertainty in the determination of the true population of STPs.  

As for the activity rate for septic tanks, the activity rate was estimated using 
information on the proportion of families that have access to sanitary toilet facilities 
together with the population data and the derived average sewage discharge per 
person. 
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The class assignment was also assigned a „medium‟ certainty ranking.  Even 
though all required information was obtained from the surveyed STPs; there is 
some uncertainty in classifying those that may not have been surveyed, especially 
that the true population of STPs is unknown.  In addition, since no release factors 
are available for septic tanks, these had to be derived using the removal rate for 
suspended solids of septic tanks commonly used in the Philippines. 
 
9.3 CATEGORY 9C: OPEN WATER DUMPING 
 
While Category 9b covers treated municipal wastewater, Category 9c covers the 
discharge of untreated effluent to bodies of water such as lakes, rivers, seas, and 
oceans. 
 
The Philippine Coast Guard (PCG) is the governing body with regards to open sea 
dumping while EMB monitors discharges from industrial establishments. 

 
9.3.1 Determination of Activity Rates 
 
Direct collection of activity rates for this category is inherently difficult, especially 
considering the significant possibility of undocumented releases or those outside 
the jurisdiction of PCG and EMB.  To address this, the volume of wastewater 
discharged to open waters was estimated from aggregated water balance 
calculations primarily based on volumes of wastewater not accounted for in 
Category 9b: Sewage/Sewage Treatment or the proportion of families that have no 
access to sanitary toilet facilities (11% each of the urban and partially urban 
population and 100% of the rural population) together with the derived average 
sewage discharge per person. 
 
Using all this information, the volume of water dumped in open waters was 
estimated to be 760,783,068 m3. 
 
9.3.2 Estimation of Releases 
 
Releases for this category are classified as: 
 

 Class 1 - Applied if the wastewater being discharged includes both domestic 
and industrial wastewater with a potential to contain PCDD/PCDF as 
described for source group 1 to 8 or storm water runoff from urban, 
peri‐urban or industrialized areas 

 Class 2 - Applied for urban and peri‐urban areas with little or no industries 

 Class 3 - Includes remote areas with no known PCDD/PCDF sources 
 
Based on the above descriptions, the proportion of urban, partially urban, and 
rural population was used to classify sewage discharged in the open; with sewage 

from the urban population (11%) assigned under Class 1, those from the partially 
urban population (11%) assigned under Class 2, and those from the rural 
population (100%) assigned under Class 3.  This resulted in releases of 0.971 g 
TEQ/a, 0.081 g TEQ/a, and 0.016 g TEQ/a for Class 1, Class 2, and Class 3 
respectively. 
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9.3.3 Certainty Ranking 
 

Activity statistics: Low 
Class assignment: Low 

 
The activity statistics were assigned a „low‟ certainty ranking since the activity rate 
was estimated indirectly using water balance calculations, leading to inherently low 
uncertainty levels.  The class assignment was also given a 'low' certainty ranking as 
the classification of the sources was only based on NSO data for urban, partially 
urban, and rural population; which were assumed to correspond to Class 1, Class 
2, and Class 3 respectively. 
 
9.4 CATEGORY 9D: COMPOSTING 
 
Composting of solid waste is a form of biological treatment which results in 

degraded solid matter suitable for agricultural use as soil conditioner and/or 
fertilizer.  The primary PCDD/PCDF release route for this activity is through the 
product medium (UNEP, 2012). 
 
Section 16 of RA 9003 requires LGUs to prepare their respective 10-year solid 
waste management plans, which promote the re-use, recycling, and composting of 
wastes for the purpose of source reduction.  Composting activities are generally 
conducted for LGUs with Materials Recovery Facilities.  Accordingly, LGUs have 
jurisdiction on the monitoring of waste quantities covered by this activity.  
Moreover, it is worth noting that there may be small scale composting of farm and 
garden wastes by individual farmers, home owners, etc.; but no data is available. 
 
9.4.1 Determination of Activity Rates 
 
Determining the activity rate for this category involved the same process discussed 
in Section 6.2.1.1.  Based on the survey, the percentage of waste composted was 
calculated as 3.31, 16.99, and 55.78 percent for urban, partially urban, and rural 
LGUs respectively.  This resulted in a total of 2,041,276 tons of wastes composted 
for 2010. 
 
9.4.2 Estimation of Releases 
 
Releases for this category are classified based on the type of wastes composted.  
Further details are as follows: 
 

 Class 1 - Applied when the organic fraction is separated from mixed wastes 
and then composted (Such composts also contain higher levels of heavy 
metals and plastics) 

 Class 2 - Applied for compost where organics (kitchen/market waste, 
vegetables/fruit etc.) have been separated at source or green materials have 
been used 

 
Based on these descriptions, wastes composted were assigned as Class 2, with 
estimated product releases of 10.206 g TEQ/a; using the factor 5 µg TEQ/ton of 
compost. 
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9.4.3 Certainty Ranking 

 
Activity statistics: Low 
Class assignment: Medium 

 
The activity statistics were assigned a „low‟ certainty ranking because the rate was 
derived using the calculated national waste generation rate and the calculated 
percentages of wastes composted for urban, partially urban, and rural LGUs.  On 
the other hand, the class assignment was given a 'medium' certainty ranking since 
classification was based on expert judgment. 
 
9.5 CATEGORY 9E: WASTE OIL TREATMENT (NON-THERMAL) 
 
Waste oils (or used oils) are any petroleum-based, synthetic, or plant- or animal-
based oil that has been used.  They may originate from two large sources: used 
industrial oils, and vegetable or animal waste oils.  Among the industrial waste oils, 

three main oil streams can be identified: industrial oil (e.g., hydraulic oil, engine 
lubricant, cutting oil); garage or workshop oil; and transformer oil.  PCDD/PCDF 
release from waste oil treatment occurs either by contamination in the synthesis 
process or by contamination during the use phase or an earlier recycling phase 
(UNEP, 2012). 
 
Presently, the UNEP Toolkit has no available release factor with respect to any of 
the release vector.  Waste oil can be included in country-specific inventories only if 
there are local release factors available.  In the Philippines, there are no such 
factors; hence, this category was not prioritized and further data gathering was not 
conducted other than verifying with EMB-HWMS the existence of this activity in the 
Philippines. 
 
9.6 GROUP 9 SUMMARY 

 
The PCDD/PCDF Inventory for Group 9 is summarized in Table 44.  Total releases 
for the group were over 255 g TEQ/a, with more than 90 percent of the releases 
coming from landfills and waste dumps.  The rest come from sewage treatment and 
composting. 
 

Table 48. Summary of PCDD/PCDF Inventory for Group 9 

Category 

2010 Total 

Releases 

(g TEQ/a) 

Percentage 

Contribution 

Certainty Ranking 

Activity 

Rate 

Class 

Assignment 

a Landfills, waste dumps 

and landfill mining 

229.70 90.06% Low Medium 

b Sewage/sewage 

treatment 

14.08 5.52% Medium Medium 

c Open water dumping 1.07 0.42% Low Low 

d Composting 10.21 4.00% Low Medium 

Total 255.06 100%   

 
In terms of ranking activity rates, only Category 9b was assigned a medium 
certainty ranking as the activity rate for STPs was derived from STPs of 
concessionaires and water districts; while the activity rate for septic tanks was 
estimated using information on the proportion of families that have access to 
sanitary toilet facilities together with population data and the derived average 
sewage discharge per person.  Categories 9a and 9d were assigned as low because 
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their corresponding activity rates were derived using the calculated national waste 
generation and the calculated percentages of wastes (wastes dumped in dumpsites 
and landfills as well as wastes composted) for urban, partially urban, and rural 
LGUs.  Similarly, Category 9c was assigned as low since the activity rate was 
estimated indirectly using water balance calculations, leading to inherently low 
uncertainty levels. 
 
As for class assignments, only Category 9c was given a low certainty ranking as the 
classification of the sources was only based on NSO data for urban, partially 
urban, and rural populations; which were assumed to correspond to Class 1, Class 
2, and Class 3 respectively.  The rest were given medium certainty rankings.  
Category 9a was based on the level (absence/presence) of waste management; 
Category 9b was based on information from surveyed STPs and derivation of 
release factors for septic tanks using their removal rate for suspended solids; while 
Category 9d was based on expert judgment. 
 

10. GROUP 10: CONTAMINATED SITES AND HOTSPOTS 
 
Group 10 includes a list of activities that might have resulted in the contamination 
of soils and sediments with PCDD/PCDF and other unintentional POPs, including 
related deposits.  These sites are those associated with the production, application, 
and disposal/end-of-life storage of PCDD/PCDF precursors (chemicals identified in 
Category 7) and organochlorine pesticides that are known to contain PCDD/PCDF.  
Potential hotspots are usually due to prominent accidents in the aforementioned 
sites such as fires and chemical leaks (UNEP, 2012). 
 
Information on potential hotspots was obtained from the results of Package 5 
(Identification and Remediation of POPs Contaminated Sites), Component 4 of the 
IPOPs Project through IPOPs – Project Management Office.  Results showed that 
potential hotspots were largely associated with the following categories: 
 

 Production sites of chlorinated organics 

 Storage facilities/stockpiles of chlorinated pesticides 

 Disposal sites of chlorinated pesticides 

 Application sites of PCDD/PCDF-containing chemicals and pesticides 

 PCB-containing equipment 

 Storage facilities/stockpiles of PCB equipment 

 Sites with leaks, spills, and explosions related to PCB equipment 

 Disposal sites of PCB equipment 

 Waste incinerators (hospital incinerators) 

 Dumps of wastes/residues from Groups 1 to 9 

 Dumpsites/landfills 

 Sites with PCDD/PCDF-contaminated residues 
 
Figure 3 presents the breakdown of the potential hotspots in the Philippines. 
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Figure 3. Breakdown of the Potential Hotspots in the Philippines 

 
 
 
Of the categories covered by Group 10, only Category 10f : PCB-containing 
equipment needs to be quantified.  However, this can only be feasibly done if PCB 
sites have been studied in great detail, i.e., if PCB concentrations for each site are 
known.  However, no such comprehensive information is available for the PCB 
sites; hence quantification of the PCDD/PCDF releases from these sites could not 
be performed. 
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1 OVERALL ESTIMATE OF RELEASES 

 
The Third National PCDD/PCDF Inventory gave a result of almost 780 g TEQ/a of 
PCDD/PCDF releases for the Philippines in 2010.  Of the 10 Source Groups, the 
most significant releases came from Group 6: Open Burning Processes and Group 
9: Disposal; which contributed over 56 and 32 percent of the total releases 
respectively. 
 
The results showed that Open Burning is still the major concern of PCDD/PCDF 
releases as combustion processes are not in defined or optimized conditions.  This 
is consistent with the results of the first two inventories wherein the same group 
was recognized as the top contributor of PCDD/PCDF releases.  Similarly, Disposal 
(Group 9) was recognized as the number two contributor in both this and the 
second inventory.  Note that these processes involve the disposal of 
PCDD/PCDF‐contaminated wastes, many of which are residues of processes that 
have been addressed in other source groups. 
 
Other groups of concern are the Ferrous and Non-Ferrous Metal Production (Group 
2), Power Generation and Heating (Group 3), and Production and Use of Chemicals 
and Consumer Goods (Group 7); which collectively contributed over 9 percent of 
the total releases.  However, these releases are considered relatively small 
compared to Groups 6 and 9, as most of the establishments under Groups 2, 3, 
and 7 have APCS to control PCDD/PCDF releases. 
 
Table 49 summarizes the results of the Third National PCDD/PCDF Inventory in 
the Philippines together with the breakdown of releases per Group and per vector. 
 

Table 49. Results of the Third National PCDD/PCDF Inventory in the 
Philippines 

Group 
No. 

Source Groups 
Annual Releases (g TEQ/a) 

Air Water Land Product Residue Total 

1 Waste Incineration 0.009 0.000 0.000 0.000 0.315 0.324 

2 Ferrous and Non-Ferrous 

Metal Production 

17.696 0.088 0.000 0.000 13.514 31.298 

3 Power Generation and 

Heating 

14.912 0.000 0.000 0.000 9.598 24.510 

4 Mineral Products 9.657 0.000 0.000 0.000 0.033 9.690 

5 Transportation 3.241 0.000 0.000 0.000 0.000 3.241 

6 Open Burning Processes 373.817 0.000 64.724 0.000 0.000 438.541 

7 Production and Use of 
Chemicals and Consumer 

Goods 

12.512 0.054 0.000 3.305 0.044 15.915 

8 Miscellaneous 0.152 0.000 0.000 0.268 0.533 0.953 

9 Disposal/Landfill 0.000 1.982 0.000 10.206 242.869 255.057 

10 Contaminated Sites and 

Hotspots 

   0.000  0.000 

Total 431.996 2.124 64.724 13.779 266.906 779.529 

Note: Details may not add up to total due to rounding off. 
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2 PCDD/PCDF RELEASES PER VECTOR 

 
In terms of releases per vector, the results showed significant releases to air and 
residue, contributing over 55 and 34 percent respectively.  This is consistent with 
the releases per source group as the majority of releases from Open Burning and 
Disposal/Landfill Processes are to air and residue respectively.  Releases to land 
followed these two vector releases with over eight percent of the total releases, all of 
which came from the Open Burning Process.  Processes involved from open burning 
generate combustion ashes that are released to land (rather than released to 
residue), since the ashes are usually disposed on land and are typically not 
collected for further disposal.  On the other hand, releases to product and water 
were almost negligible compared to the other vectors.  Figure 4 graphically presents 
the breakdown of PCDD/PCDF releases per vector. 
 

Figure 4. Composition of Overall PCDD/PCDF Release in the Philippines per 
Release Route 

 
 
As mentioned earlier, air emissions comprised over 55 percent of the total releases.  
The bulk of these were attributed to the two categories under Group 6 (biomass 
burning and waste burning and accidental fires), which accounted for almost 87 
percent of the total air emissions as illustrated in Figure 5. 
 
Note that source categories with low and high estimates (bars in the succeeding 
figures) indicate that surveys were conducted for these categories but did not 
achieve 100 percent turnaround.  A higher range of estimates indicate lower 
certainty levels since a minor proportion of the necessary data was acquired; thus 
leading to low level of confidence. 
 

Air
55.42%

Water
0.27%

Land
8.30%

Product
1.77%

Residue
34.24%



NNAATTIIOONNAALL  PPCCDDDD//PPCCDDFF  IINNVVEENNTTOORRYY  OOFF  TTHHEE  PPHHIILLIIPPPPIINNEESS  ((22001100))  

 

PP AA GG EE   ||  8899 

Figure 5. PCDD/PCDF Releases to Air 

 
 
Further analysis revealed that fire incidents related to improper solid waste 
management (fire incidents in disposal sites and open burning of domestic waste) 
and the practice of burning rice straw in the field after harvest were the biggest 
issues related to PCDD/PCDF air emissions. 
 
On the other hand, the majority (Figure 6) of the releases to residues were 
attributed to Category 9a: Landfills, Waste Dumps, Landfill Mining and Excavation, 
as this category contributed almost 91 percent of the overall residue releases.  The 
high releases were primarily due to the prevalence of waste dumps in the country 
that have a relatively higher residue release factor compared to sanitary landfills. 
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Figure 6. PCDD/PCDF Releases to Residues 

 
 
For releases to land (Figure 7), this was wholly attributed to open burning 
processes.  On the other hand, releases to product predominantly (74 percent) 
came from composting, another solid waste management practice.  Moreover, 
similar to air and residue releases, it was observed (Figure 8) that Bricks 
Production had the widest range of PCDD/PCDF release estimates, highlighting the 
need for improvement in the collection of activity rates for this category.  However, 
releases from this category are relatively low. 
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Figure 7. PCDD/PCDF Releases to Land 

 
 

Figure 8. PCDD/PCDF Releases to Product 
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In terms of releases to water (Figure 9), open water dumping and sewage/sewage 
treatment accounted for over 93 percent of the total PCDD/PCDF releases to water.  
However, overall release to water is negligible as compared to other vectors. 
 

Figure 9. PCDD/PCDF Releases to Water 

 
 
Based on the analysis of PCDD/PCDF releases per vector, it is observed that 
recurring major contributors across the four vectors (excluding land) are related to 
open burning processes and solid waste management practices. 
 
3 ACHIEVEMENT OF QUALITY CRITERIA 
 
Throughout the conduct of the Inventory, QA/QC protocols were implemented to 
ensure that the Inventory will be reliable, consistent, comparable, transparent, and 
complete.  The succeeding subsections detail how these quality criteria were met. 
 
3.1 RELIABLE 
 
The general methodology applied for the Inventory was based on the UNEP Toolkit.  
Moreover, the principal sources of information were secondary data sources such 
as government institutions and industry associations.  Primary data gathering was 
only conducted if secondary data sources lacked or could not completely provide 
the requirements specified in the Toolkit.  In addition, all assumptions were 
sufficiently justified. 
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In cases where the activity rates are not available for the entire population of a 
given category, statistical methods were used to estimate quantitative bounds for 
the estimated activity rates (and the resulting release levels) based on partial 
samples of known populations. 
 
In terms of certainty in activity rate statistics, 18 of the 42 categories included in 
this Inventory were assigned a high certainty ranking, 14 were assigned as 
medium, while 10 were assigned as low.  
 
As for certainty in assigning classes, 27 of the 42 categories included in this 
Inventory were given with high certainty ranking and 14 were assigned as medium.  
Only one category was given with low certainty in class assignment and this is 
open water dumping (Category 9c) since its classification was only based on NSO 
data for urban, partially urban, and rural populations; which were assumed to 
correspond to Class 1, Class 2, and Class 3 respectively. 
 

3.2 CONSISTENT OVER TIME 
 
Methodologies used in the previous inventories that were deemed appropriate for 
this Inventory were adopted. 
 
3.3 COMPARABLE BETWEEN COUNTRIES 
 
The results of this Inventory were compared with the results of inventories of seven 
Southeast Asian countries in terms of releases per capita.  Figure 10 shows that 
the Philippines estimate of 8.44 g TEQ/million people has the lowest overall 
PCDD/PCDF releases among these Southeast Asian countries who have conducted 
their national PCDD/PCDF inventories. 
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Figure 10. PCDD/PCDF Releases in Southeast Asia 

 
 
On a global context, the Philippines is likewise within the lowest values of 
PCDD/PCDF releases.  This is observed in Fiedler et al.‟s comparison of inventories 
(Figure 11), wherein the per capita release estimate of the Philippines is within the 
range of 0 to 13 g TEQ/million people, similar with most Southeast Asian countries 
as well as China and India. 
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Biomass burning, landfill fires, backyard burning, and landfilling accounted for 
85 percent of the overall PCDD/PCDF releases in the Philippines; the remaining 

15 percent is distributed across all other categories. 

Figure 11. Total Annual Releases per Country (g TEQ/million people) 

 
*Figure adopted from PCDD/PCDF Inventories 1990 vs. 2012 by Fiedler et al. 

 
With regards to vector distribution in the overall release, the results of this 
Inventory were fairly consistent with Fiedler et al.‟s distributions based on 67 
inventories of various countries.  The main vector of release was air corresponding 
to 45 percent of total releases, second highest was release in residues, while 
releases to water only played a minor role.  Similarly, in the Philippines, air was the 
main contributor of releases comprising over 55 percent of the overall releases, 
followed by residues, and with negligible releases to water. 
 
In terms of importance of the source groups, Fiedler et al. established that open 
burning of biomass or waste contributed the highest with 48 percent of the total 
releases, followed by waste incineration (12 percent).  Likewise, open burning of 
wastes in the Philippines is the major contributor with over 56 percent of the 
overall releases.  However, the second highest contributors were landfills and waste 
dumps which accounted for over 32 percent of the total PCDD/PCDF releases. 
 
This Inventory establishes that the Philippines is among those countries with low 
overall releases per capita.  However, it is underscored that action plans be 
developed and implemented to mitigate the country‟s air emissions, which are 
largely associated with open burning processes and solid waste management. 
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3.4 TRANSPARENT 
 
All activities conducted in the data collection, data processing, and QA/QC analysis 
were properly documented and archived.  Furthermore, all assumptions, methods, 
and data sources used to estimate PCDD/PCDF releases were thoroughly described 
and referenced in the UNEP Toolkit MS Excel spreadsheet. 
 
3.5 COMPLETE 
 
The results of this Inventory showed that 13 source categories do not exist in 2010 
and these are the following: 
 

 Municipal solid waste 
incineration 

 Medical waste incineration 

 Light fraction shredder waste 
incineration 

 Sewage sludge incineration 

 Waste wood and waste biomass 
incineration 

 Magnesium production 

 Shredders 

 Thermal wire reclamation and e-

waste recycling 

 Oil shale processing 

 Other chlorinated and non-
chlorinated chemicals 

 Leather refining 

 Zinc production  Waste oil treatment (non-thermal) 
 
For the 42 categories that were deemed to exist, activity rates and PCDD/PCDF 
releases were determined. 
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