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Papua New Guinea’s (PNG) National Inventory Report is an official report of all anthropogenic (human-induced) 
emissions and removals of greenhouse gases (GHG). The national GHG inventory measures Papua New Guinea’s 
progress against obligations under the United Nations Framework Convention on Climate Change (UNFCCC), and 
is the official basis for measuring PNG’s meaningful contribution to the reduction of global emissions by transitioning 
to a low carbon economy. 

PNG ratified the Convention on 16 March 1993 as a non-Annex I Party and ratified the Paris Agreement on 21st 
September 2016. 

The compilation and reporting of a GHG inventory are pursuant to its obligations under the UNFCCC.  GHG 
inventories are to be included in reports under Articles 4 and 12 of the Convention (national communications), and 
Biennial Update Reports (BUR) required by decision 2/CP.17 under the Convention.  

National communications are to be reported every 4 years and are required to be developed using guidelines 
contained in decision 17/CP.8.  PNG’s first national communication (NC) was submitted in February 2002, followed 
by the second national communication in December 2015.  

PNG has demonstrated a serious commitment to transparency under the UNFCCC and submitted its first BUR in April 
2019.  This report was developed in accordance with guidelines contained in decision 2/CP.17.  These guidelines 
also require BURs to be submitted every 2 years.   

PNG’s GHG inventory has been developed in accordance with guidelines that exist under relevant decisions under 
the Convention (2/CP.7 and 17/CP.8).  The requirements for GHG inventories relate to general reporting requirements; 
the coverage in inventory years and GHG; metrics; methodology; and specific requirements for each sector of 
the GHG inventory.  

This report provides a narrative on major emission trends and methodologies for estimating emissions and removals 
and includes information on inventory data for 2000–2017 from all emissions and removals in PNG.  It also includes 
sections on the inventory recalculations and improvements. In addition, summary tables contained in the 
appendices provide detailed emissions data for each sector and by gas.

GHG inventory reporting under the Convention covers seven direct GHGs: carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SF6) and nitrogen 
trifluoride (NF3). This report provides estimates of direct GHG emissions but does not include indirect GHG emissions 
or NF3. 

The gases are reported under four sectors: Energy; Industrial Processes and Product Use (IPPU); Agriculture, Forestry 
and Other Land Use (AFOLU), and Waste.

This report on PNG’s GHG inventory is based on methodological approaches and guidance contained in the 2006 
IPCC Guidelines for National Greenhouse Gas Inventories (2006 IPCC GL).

National Inventory Report 2000 – 2017 3
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1.2. A Description of the National Inventory Arrangements

1.2.1.      Institutional Arrangements for Development of the Biennial Update Report and                                                                                                                                              
     National Communication 

CCDA is the single body that has been assigned responsibility to implement the UNFCCC and the Paris Agreement 
in collaboration with line agencies. CCDA’s objective is ‘’to provide a coordination mechanism at the national 
level for research, analysis and development of the policy and legislative framework for the management of 
climate change within the Government’s National Strategy on Climate-Compatible Development” (NEC Decision 
No 55/2010). 

CCDA is the single body responsible for the overall coordination and management of the Biennial Update Report 
(BUR) and National Communication (NC) preparation process. Therefore, CCDA in cooperation with its stakeholders 
consisting of the private sector, the non-government agencies, development partners, and government agencies 
develop the BUR and NC elements. Key tasks for CCDA are the following: 

•	 Plan	and	conduct	all	coordination	and	consultation	activities	with	governmental	and,	 if	appropriate,	non-
governmental stakeholders,

•	 Identify	all	institutions	and	teams	that	will	be	involved	in	the	preparation	of	the	BUR	or	NC,	and	establish	any	
formal working arrangements required,

•	 Allocate	responsibilities	for	all	components	of	the	BUR	and	NC,	ensuring	there	is	a	clear	lead	for	each	section,	
and establish a formal approval process,

•	 Develop	and	monitor	a	timeline	and	schedule	for	BUR	or	NC	preparation,	including	specific	milestones	and	
dates for deliverables.

CCDA is also responsible for the following BUR and NC elements:

•	 Identify	 constraints	 and	 gaps,	 and	 related	 financial,	 technical,	 and	 capacity-building	 needs,	 including	 a	
description of support needed and received,

•	 Keep	any	management	committees	and	working	groups	informed	of	progress	and	emerging	issues,

•	 Develop	and	implement	Quality	Assurance	and	Quality	Control	strategies	for	the	entire	BUR	and	NC,

•	 Manage	the	overall	budget	for	the	preparation	of	the	BUR	and	NC,

•	 Compile	and	integrate	all	sections	of	the	BUR	and	NC	into	a	cohesive	document,

•	 Develop	and	maintain	an	archiving	 system	 to	ensure	 institutional	memory	and	 to	 fully	and	 systematically	
document all the activity data and the methods used,

•	 Collect	and	maintain	statistical	records,

•	 Conduct	an	evaluation	exercise	to	identify	key	lessons	learned	and	areas	for	improvement,

•	 Consider	the	results	of	the	International	Consultation	and	Analysis	(ICA)	process.	

For the current BUR2, CCDA has enhanced its institutional arrangement by establishing an Energy Sub Technical 
Working Committee (ESTWC) and Agriculture Forestry & Other Land Use Sub Technical Working Committee 
(AFOLU STWC). The STWCs consist of key government agencies, private sector agencies, and Non-Government 
Organisations from the energy and AFOLU sectors in PNG. The STWCs are responsible for providing technical inputs 
for the preparation of the BUR2. In addition to this, there are also other institutions from other sectors that have 
provided information to CCDA for the preparation of this report.

1.2.2.      Institutional, Legal and Procedural Arrangements for the GHG Inventory

CCDA manages the preparation of the National GHG inventory as part of the BUR. Key functions include the 
identification of data sources under each sector, collection and compilation of activity data and emission factors 
for each sector and, estimation and reporting of GHG emissions by sources and removals by sinks. 

Since there are existing sector lead agencies for each sector, CCDA has involved them in the GHG inventory 
process. Their main purpose was to provide activity data and to some extent emission factors for CCDA to estimate 
the emissions. However, not all lead agencies have the required data so other organizations including private 
companies were also included. 



In the Energy Sector the National Energy Authority was involved but the data used was from the energy balance 
table compiled by the Asia Pacific Energy Research Centre (APERC) by using the Oil and Natural Gas data provided 
by the National Energy Authority. For the Industrial Process and Product Use sector, PNG Customs, Chinese export 
data, and two private companies, an N2O distributor and a Lubricant distributor were involved. For the AFOLU 
Sector, the Department of Agriculture and Livestock, the lead agency for the agriculture sector, and the PNG Forest 
Authority, the lead agency for the forestry sector were involved. DAL assisted by providing livestock population 
based on expert judgement. While PNGFA provided most of the LULUCF activity data. And for the Waste Sector, three 
government agencies namely Water PNG, National Statistical Office, and the National Capital District Commission 
were involved.

New external parties have been involved in the planning, preparation, and management of the IPPU sector. For 
example, engaging with the Refrigerants and Air-Conditioning Association of PNG (RACA-PNG) on IPPU MoU and 
data.  Provision of technical advice by the CCDA into the Conservation and Environmental Protection Agency 
(CEPA) managed the process of reviewing the Environmental Protection/ Montreal Protocol legislation. CCDA also 
initiated a consultation process with key stakeholders (including the RACA-PNG) to identify a pathway to obtaining 
activity data to estimate GHG emissions from the import, use, maintenance, and disposal of refrigerants.

1.2.3.      QA/QC and Verification Plan 

PNG drafted an initial QA/QC plan in 2020.  This Plan is in its infancy and is largely based on IPCC good practice tier 
1 QA/QC procedures to ensure the transparency, accuracy, completeness, and consistency of the GHG inventory 
and associated documentation.

The Plan includes the following tier 1 QA and QC procedures:

•	 Checklist	for	confirming	the	data	entry	in	the	appropriate	spreadsheet	files	and	the	method/equations	used;

•	 Checklist	for	the	consistency	between	the	spreadsheet	files	and	the	inventory	report	files	(NIR	and	BUR/NC);	
and 

•	 Checklist	of	the	reporting	requirements	as	described	by	the	relevant	COP	decisions	and	conclusions.	

The Plan will be strengthened over the next years. This is with a view to enhance congruence with the IPCC good 
practice, to incorporate learnings and experiences in its application, and to involve relevant external parties in the 
QA process.

1.3. Inventory Preparation Process

Inventory planning and preparation is a process managed and undertaken by CCDA in close consultation with its 
key data and industry stakeholders. These stakeholders are those outlined in section 1.3.3 ‘Institutional arrangements 
for the GHG inventory’ that have an important role in the compilation of the GHG inventory. Stakeholders provide 
guidance on methodology as well as provide the necessary activity data and emission factors to estimate GHG 
emissions. 

The GHG inventory compilation process is initiated via a notification sent to key data stakeholders. This notification 
sets out CCDA’s approach to estimating GHG emissions and removals and seeks the provision of activity data and/
or emission factors to enable GHG emissions to be estimated.  

Data provided by stakeholders are kept by CCDA on its internal corporate systems.  CCDA staff review the data 
before estimating emissions to identify any anomalies.  
The general inventory process is shown in table 1-1.
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1.4. Brief General Description of Methodologies and Data Sources Used

1.4.1.      Data Sources and Methods

For the energy sector, emissions have been estimated by using the tier 1 method.  The source of activity data is the 
Energy Balance Table developed by the Asia Pacific Energy Research Centre (APERC) and emission factors from 
the 2006 IPCC Guidelines.  In the IPPU sector, emissions have been estimated with the use of IPCC tier methods 
using default emission factors.  

For the AFOLU sector, Papua New Guinea Forest Authority (PNGFA) provided activity data for LULUCF sector while 
the Department of Agriculture and Livestock provides data for the Agriculture sector. Much of the emission factors 
used in both LULUCF and Agriculture sectors are default emission factors from the 2006 IPCC Guidelines. Few tier 
2 emission factors for the LULUCF sector, especially the forestland and crop land categories, were from literature 
review.

For the waste sector, population statistics from the PNG Census were used to derive activity data. For emission 
factors and other parameters, the majority were taken from the 2006 IPCC guidelines with expert judgement for 
some parameters such as the composition of solid waste.
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Milestone Time

GHG inventory improvement planning 5 months

Project approval by GEF/UNDP/PNG 6 months

Kickoff meeting/workshop 1.5 months

Data collection

- Stakeholder identification/stakeholder identification and engagement

- Sub technical working committee meetings, as needed

- Sending official data request letters including data sheets 8 months

- Data collection and analysis

- Update database 

GHG emission/removal estimation 0.5 months

Compilation of the GHG inventory

- Linking all sector files to the summary table files and producing the national total 
 GHG emissions/removals.

- updating the key category analysis 0.5 months

- updating the uncertainty assessment 

Updating the NIR 1 month

Updating the BUR chapter on GHG inventories  0.5 months

Quality control of the inventory products (estimation files and inventory report) 0.5 month

Validation meeting/workshop 1 month

Revision of the GHG inventory, as needed 0.5 months

Quality Assurance activities 1 month

Submission to the Climate Change Board and Minister of Environment and Climate Change 1 month

Submission to the UNFCCC 

GHG inventory preparation process  ~24 months*

Table 1 1:  The GHG inventory process



1.5. Brief Description of Key Categories

A tier 1 key category analysis was conducted for the newest year.  Below is the result of the key category analysis 
carried out for all categories with and without the LULUCF categories. 19 categories were identified as key without 
the LULUCF categories. While 14 categories were identified as key with the LULUCF sector. The results of the key 
category assessments are shown below (key categories in yellow)
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Table 1-2:  Second assessment report global warming potentials

1.4.2.       Time Series

This report provided a GHG inventory for each year of 
the inventory time-series 2000 – 2017.  The exceptions 
include HFC emissions that have not been estimated 
for the years 2000 to 2014 due to the absence of 
reliable HFC import data,

1.4.3.      Global Warming Potentials (GWP)     
     Used

Global warming potentials are taken from the IPCC 
Second Assessment Report as can be seen in the table 
below.



Table 1-3:  Key category assessment without LULUCF
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Table 1-4:  Key category assessment without LULUCF
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1.6. General Uncertainty Assessment

A tier 1 uncertainty analysis was conducted for the newest year which is 2017 and all uncertainties were taken from 
the 2006 IPCC Guidelines. The total uncertainty in 2017 is 259% which is quite high and the largest uncertainty 
comes from fugitive emissions and domestic waste water. Below are the results of the uncertainty analysis.
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Table 1-5:  Uncertainty calculation according to Tier 1

National Inventory Report 2000 – 2017 11



1.7. General Assessment of Completeness

As to the IPPU sector, CCDA has identified completeness as a priority task.  While this remains an ongoing 
consideration for CCDA, HFC emissions have been included in the IPPU sector for years 2015 to 2020.  This was 
achieved in consultation with PNG-RACA and CEPA.  CCDA will continue collaborating with CEPA to examine the 
extent to which to overcome completeness in other sub-sectors by exploring the environmental permits that can 
be used to confirm the occurrence of an activity and whether the activity generates GHG emissions. 

1.8. Recalculations 

The following categories have been recalculated.

•	 Energy	sector	(both	fuel	combustion	and	fugitive	emissions)	with	revised	national	energy	balance	tables

•	 IPPU	–	no	recalculation,	but	first-time	reporting	of	HFC	inventory

•	 AFOLU-	 There	were	some	 recalculations	done	 for	both	 the	agriculture	and	LULUCF	sector	due	 to	updated	
activity data from the data sources.

•	 Waste	–	revised	waste	parameters	for	CH4 emissions from SWDS, first time reporting of emissions from 4.C.2 
open burning of waste.
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Figure 2-1:  Total GHG emissions with LULUCF from 2000 to 2017

Figure 2-2:  Total GHG emissions without LULUCF from 2000 to 2017
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2.1. Description and Interpretation of Emission Trends for Aggregated 
GHG Emissions 

The Figures and below shows the total GHG emissions excluding and including LULUCF for each inventory year.  



Table 2-1:  Total annual national GHG emissions by inventory sector

Figure 2-3:  Trend in GHG emissions from the energy sector from 2000 to 2017 (in kt CO2 eq).

PNG went from a net sink of (-12,436 kt CO2 eq) to a net source in 2016 (6,897 kt CO2 eq). Then in 2017 PNG 
became a net sink with total GHG emissions of -1,958 kt CO2 eq. The main driver for the increasing and decreasing 
trend is the LULUCF sector mainly from deforestation and degradation activities in the country.

Without the LULUCF sector, the total net emissions increased from 8,052 kt CO2 eq in 2000 to 10,767 kt CO2 eq in 
2017. An increase of 34% and the main driver is the increasing fossil fuel consumption from the manufacturing 
industries and construction followed by road transportation. 

2.2. GHG Emission and Removal Trends by Sector

2.2.1.      Energy 

Emissions from the energy sector amounted to 8,673 kt CO2 eq in 2017, an increase of 1,913 kt CO2 eq (28%) 
when compared to 2000. The CO2 from liquid fuel combustion contributed 68% to the total GHG emissions in 2017, 
followed by CH4 from fugitives (16%), CO2 from gaseous fuel combustion (12%), N2O from fuel combustion (2%), 
CH4 from fuel combustion (1%) and CO2 from fugitive emissions (1%). 81 % of total sector emissions are CO2, while 
CH4 contributed 17 % and N2O 2%.

The decreasing GHG emissions trend between 2006 and 2013 is due to the decrease in oil production in the 
country. The increasing GHG emissions trend between 2000-2003 is due to increasing energy demand and an 
increase in oil production. Furthermore, the increase in GHG emissions between 2014 to 2017 is due to the increase 
in energy demand and increase in the production of Liquid Natural Gas.
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2.2.2.      Industrial Processes and Product Use (IPPU)

Total GHG emissions in the IPPU sector increased from 0.8 kt of CO2 eq in 2000 to 153.3 kt of CO2 eq in 2017.  The 
low emission level reported in 2000 (and in 2001 and 2002) arises due to a paucity of activity data for reported 
categories.  Total GHG emissions are higher in recent years when compared to the previously reported GHG 
inventory due to the inclusion of HFC emissions (2.F.1) for the years 2015 to 2017.  2003 is the first year in which 
robust activity data was available for lubricant use (2.D.1) and N2O in product use (2.G.3).  

N2O emissions have decreased by 4.7% since 2003, or by 0.042 kt CO2 eq.  Over the same time period, CO2 
emissions from lubricant use increased by 114.3%, or by 0.9 kt CO2 eq.  HFC emissions are 150.6 kt CO2 eq in 2017, 
an increase of 8.0% when compared to 2015 (the first year of HFC reporting). 

2.2.3.      Agriculture 

GHG emissions from the agriculture sector amounted to 935 kt CO2 eq in 2017 which is about 9 % cent of the 
country’s overall emission in that year (excluding LULUCF). Total GHG emissions increased by 203 kt CO2 eq (28 
%) in 2017 when compared with year 2000. The highest emitting category in 2017 was direct N2O emissions from 
managed soils (3.C.4) which contributed 57 % of the total sector emissions. After this is the enteric fermentation 
(3.A.1) category which contributed 18 %, followed by manure management (3.A.2) with 17 % and indirect N2O 
emissions from managed soils (3.C.5) with about 7 %. This least emitting category in the agriculture sector is indirect 
N2O emissions from manure management (3.C.6).         

Figure 2-4:  Trend in GHG emissions from the IPPU sector from 2000 to 2017 (in kt CO2 eq)

Figure 2-5:  Trend in GHG emissions from the Agriculture sector from 2000 to 2017 (in kt CO2 eq)
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2.2.5.      Waste

In 2017, emissions from the Waste sector resulted in 1,006 kt CO2 eq and accounted for 9% of PNG’s total greenhouse 
gas emissions (excluding LULUCF).  The emissions of the waste sector have increased in the whole time series (2000-
2017) as seen in figure 2-7.  The increase is influenced by population growth, development, consumption rate, 
and rural-to-urban drift.  Breakdown of 2017 emissions of the Waste sector by category shows that wastewater 
treatment and discharge contributed 67% to total sector emissions in 2017, followed by solid waste disposal (27 
%), incineration and Open Burning (6%) and biological treatment of solid waste (1%). The contribution of CO2, CH4 
and N2O for the total sector emissions are 3.5, 79.1 and 17.4% respectively. 

2.2.4.      Land Use, Land Use Change and Forestry (LULUCF)

The net emissions from the LULUCF sector amounted to -12,724.94 kt CO2 eq in 2017 compared to -20,488.12 
kt CO2	 eq	 in	 2000	which	 is	 a	 total	 decrease	of	 removals	 amounting	 to	−7,	 763.18	 kt	CO2 eq. Removals are 
decreasing since these are applied to the area of degraded forest directly taken from the Collect Earth assessment, 
for which each next year an area deforested is lost. For forest that is degraded during the reference level period, 
the consistency with the REDD+ Forest Reference Level is maintained since the net of losses from disturbance and 
gains from subsequent recovery are reflected in the emission factor, reflecting long-term average carbon loss. 

Gross emissions from LULUCF, which are mainly coming from cropland (forest land converted to cropland), amounted 
to 9,397.82 kt CO2 eq in 2017 and are almost 2 times higher than the emissions in 2000, which amounted to 
5,886.90 kt CO2 eq. The figure below showcases the trend of increasing emissions and decreasing removals over 
time.
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Figure 2-6:  Trend in GHG emissions and removals from the LULUCF sector from 2000 to 2017 (in kt CO2 eq)

Figure 2-7:  Trend in GHG emissions from the waste sector from 2000 to 2017 (in kt CO2 eq)



Table 2-2:  Total annual national GHG emissions by gas (in kt)
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2.3.2.      Carbon-dioxide (CO2)

Total CO2 emissions (excluding CO2 from LULUCF) increased from 3,784 kt CO2 in 2000 to 7,084 kt CO2 in 2017, 
representing an 87 % increase over the time series.  If CO2 from LULUCF is included, emissions increased by 11,338 
kt CO2 over the time series. The key drivers for these trends are the energy sector and the LULUCF sector. Under the 
Energy sector is due to the increasing demand for fossil fuels while the LULUCF sector is due to forest degradation 
and deforestation. Forest Degradation is driven by commercial (selective) logging. Commercial and subsistence 
agriculture are also major drivers of forest degradation which contributes to most of the emissions in the LULUCF 
sector.

2.3.3.      Methane (CH4) 

Total CH4 emissions (excluding CH4 from LULUCF) decreased from 3,573 kt CO2 eq in 2000 to 2,578 kt CO2 eq in 
2017, representing a 28 % decrease over the time series.  If CH4 from LULUCF is included, emissions decreased by 
1,186 kt CO2 eq or by 31 % over the time series. The key drivers for this trend are the decrease in fugitive emissions 
of CH4 from oil production in the energy sector. 

2.3.4.      Nitrous oxide (N2O) 

Total N2O emissions (excluding N2O from LULUCF) increased from 695 kt CO2 eq in 2000 to 954 kt CO2 eq in 2016, 
representing a 37 % increase over the time series.  The key drivers for this trend are the increase in N2O emissions 
from managed soils in the agriculture sector.  

2.3. GHG Emission and Removal Trends by Gas
 

2.3.1.      Trend by Gas 

Table 2-2 provides total emissions and removals by gas for 2000 and 2017.  
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2.3.5.      Fluorinated (F-gases) 

Emissions of fluorinated gases (f-gases) are reported for the first time in this GHG inventory for the years 2015 to 
2017.  HFC emissions are estimated to be 139.5 kt CO2 eq in 2015 and 150.6 kt CO2 eq in 2017.  This is an increase 
of 8.0 % over this time period.  

A recent report prepared for CCDA confirmed there is unlikely to be any activity in PNG that would give rise to PFC 
emissions.  However, this report did identify the likelihood of SF6 emissions in electrical equipment.  CCDA intends to 
liaise with CEPA and PNG Customs to identify potential sources of activity data. 
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Table 3-1:  Trend in GHG emissions from the energy sector (kt CO2 eq)

Figure 3-1:  Trend in GHG emissions from the energy sector from 2000 to 2017 (in kt CO2 eq)

National Inventory Report 2000 – 2017 21

3.1. Overview of Sector

Emissions from the energy sector consist of two main categories: fuel combustion and fugitive emissions from fuels. 
Fuel combustion includes emissions released into the atmosphere when fossil fuels (e.g., coal, oil products, and 
natural gas) are combusted. Fugitive emissions are intentional or unintentional releases of gases from fossil fuels by 
anthropogenic activities. 

In PNG, fossil fuels are used to produce energy for a wide variety of purposes (e.g., energy industry, transportation, 
and manufacturing) and CO2 (Carbon Dioxide), CH4 (Methane), N2O (Nitrous Oxide) are emitted in the process. 
PNG also produces oil and gas including refining petroleum products which leads to fugitive emissions of CO2, CH4, 
and N2O. 

Emissions from the energy sector amounted to 8,673 kt CO2 eq in 2017, an increase of 1,913 kt CO2 eq (28 %) 
when compared to 2000. CO2 emissions from liquid fuel combustion contributed 68 % of the total GHG emissions 
in 2017, followed by CH4 from fugitives (16 %), CO2 from gaseous fuel combustion (12 %), N2O from fuel combustion 
(2 %), CH4 from fuel combustion (1 %) and CO2 from fugitive emissions (1 %). 81 % of total sector emissions are 
CO2, while CH4 contributed 17 % and N2O 2 %.



The carbon contents of the fuels are in common with the sectoral approach (refer to the section 3.2.4.3).

3.2.1.2. Difference in Energy Consumption

As shown in table 3-2 and figure 3-3, fluctuations of difference in energy consumption between the reference 
approach and the sectoral approach during 2000-2017 range between -16% (2004) and +5% (2009).

Energy consumption from wastes used for energy and from the incineration of wastes with energy recovery is 
calculated in the sectoral approach in accordance with the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories.
                                    

3.2.1.3. Difference in CO2 Emissions

As shown in table 3-3. and figure 3-3, fluctuations of a difference in CO2 emissions between the reference approach 
and the sectoral approach during 2000-2017 range between -16% (2004) and +6% (2009). 
Emissions from wastes used for energy and from the incineration of wastes with energy recovery are not reported 
in waste incineration (4.C.) but reported in fuel combustion (1.A.) in accordance with the 2006 IPCC Guidelines.
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3.2. Fuel Combustion (1.A) 

This category covers GHG emissions from the combustion of fossil fuels such as coal, oil, and natural gas. This 
section includes GHG emissions from five sources: 

(i) (1.A.1) Energy industries: emissions from main activity electricity and heat production, petroleum refining, and 
manufacturing of solid fuels and other energy industries

(ii) (1.A.2) Manufacturing industries and construction: emissions from manufacturing the industry and construction

(iii) (1.A.3) Transport: emissions from transport of passenger and freight

(iv) (1.A.4) Other sectors: emissions from commercial/institutional, residential, and agriculture/forestry/fishing 
sources and 

(v) (1.A.5) Non-Specified other: emissions from other non-specified fuel combustion sources.

3.2.1.      Comparison of the Sectoral Approach with the Reference Approach

This chapter explains a comparison between the reference approach and the sectoral approach in accordance 
with the UNFCCC Inventory Reporting Guidelines (Decision 24/CP.19 Annex I, paragraph 40). For the methodological 
issues of the sectoral approach, please refer to section 3.2.4).

3.2.1.1. Methodological Issues of the Reference Approach

The reference approach is to calculate the CO2 emissions from combustion, using a country’s energy supply data. 
The CO2 emissions estimated by the reference approach are not included in the national total and are used for 
verification purposes. The CO2 emissions by the reference approach are estimated by the following formula:



Table 3-2:  Comparison of energy consumption

Figure 3-2:  Trend in difference in energy consumption between reference approach and sectoral approach from 2000 to 2017 (%)

Note: NA=Not applicable 
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Table 3-3:  Comparison of CO2 emissions (in kt CO2)

Figure 3-3:  Trend in difference in energy consumption from 2000 to 2017 (%)
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Note: NA=Not applicable 



Figure 3-4:  Trend in GHG emissions from fuel combustion activities (1.A.) by gas from 2000 to 2017 (in kt CO2 eq)

Table 3-4:  GHGs emissions from fuel combustion (1.A) (in kt CO2 eq)

Table 3-5:  CO2 emissions from fuel combustion (1.A) (in kt CO2 eq)

The CO2 emissions in 2017 decreased by 1 % compared to the previous year (2016). The main driving factor for 
the decrease is the CO2 emissions from energy industries (1.A.1).
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3.2.1.4. Causes of the Difference between Reference Approach and Sectoral Approach

The estimate of CO2 emissions showed that the estimations using the reference approach balance with the 
estimation from the sectoral approach. In 2004 there were high discrepancies of 16%. In 2004, it was due to the 
statistical discrepancy in crude oil data. For years after 2005, GHG level discrepancies ranged from -2% to 6%.

3.2.2.      International Bunker Fuels

Emissions from International bunker fuels are not estimated due to the lack of reliable data.

3.2.3.      Category Description (e.g. characteristics of sources)

In 2017, emissions from fuel combustion were 7,215 kt CO2 eq., which accounted for 67 % of PNG’s total GHG 
emissions (excluding LULUCF). By looking at the share of the emissions by gas, CO2 comprises 97 % of the GHG 
emissions from fuel combustion. 



Figure 3-5:  Time-series of CO2 emissions from fuel combustion (1.A.) from 2000 to 2017 (in kt CO2 eq)

By looking at the changes in CO2 emissions by subcategory, emissions from the energy industries (1.A.1) increased 
by 248 % since 2000 and decreased by 18 % compared to the previous year (2016). The main driving factor for 
the increase compared to the emissions in 2000 is the increase in electricity generation. The emissions from the 
Energy industries increased slightly from 2000 to 2003 due to the increase in demand for electricity then remained 
constant from 2005 to 2013 and increased rapidly from 2014 to 2016 due to the increasing demand for electricity, 
especially for the operation of the LNG project.

The CO2 emissions from manufacturing industries and construction (1.A.2) increased by 87% since 2000 and 
increased by 2% compared to the previous year (2016). The main driving factor for the increase compared to the 
emissions in 2000 is the increased liquid fuel consumption.

The CO2 emissions from transport (1.A.3) increased by 119% compared to 2000 and decreased by 0.4% compared 
to the previous year (2016). The main driving factor for the increase compared to the emissions in 2000 is the 
increase in emissions from road transportation. Emissions from road transportation increased 2.3 times from 2000 
to 2017. 

The CO2 emissions from other sectors (1.A.4) increased by 14% since 2000 and increased by 1% compared to the 
previous year (2016). The main driving factor for the increase compared to the emissions in 2000 is the increase in 
kerosene consumption in Residential.

Emissions have been estimated for all categories except those that are not occurring in PNG or are not estimated 
due to data limitations. Categories reported as not occurring includes railways under transport, fugitive emissions 
from coal mining and handling, and all categories under carbon dioxide transportation and storage. Categories 
reported as not estimated or as an aggregate include:

•	 Under	manufacturing	industries	and	construction,	emissions	from	pulp,	paper,	and	print,	from	food	processing,	
beverage, and tobacco, from mining and quarrying, and wood and wood products are reported as an 
aggregate due to limited data;

•	 Under	manufacturing	industries	and	construction,	emissions	from	construction	are	reported	as	not	estimated	
due to a paucity of data; and

•	 Under	transportation,	civil	aviation	and	navigation	for	both	domestic	and	international	bunkers	are	reported	as	
an aggregate due to limited data
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3.2.4.2. AD (include uncertainties and time-series consistency)

The energy consumption data given in the Energy Balance Table developed by the APERC was converted from 
one energy unit (kTOE) to another (TJ) and used for the activity data. Table 3-6 and figure 3-6 show the trend of 
energy consumption by fuel types.

Table 3-6:  Total final energy consumption by fuel types (in TJ)
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3.2.4.      Methodological Issues

3.2.4.1. Choice of Method (include assumptions and the rationale for selection)

The Tier 1 Sectoral Approach has been used in accordance with the 2006 IPCC Guidelines to calculate emissions. 
The CO2 emissions from biomass are not included in the national totals but are reported as a reference in 
accordance with the 2006 IPCC Guidelines.



Figure 3-6:  Time-series of total final energy consumption by fuel types from 2000 to 2017 (in TJ)

Table 3-7:  Total final energy consumption by sectors (in TJ)

Table 3-7 and figure 3-7 show the trend of energy consumption by sectors.

Note: Sector is in accordance with the Energy Balance Table.
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The Energy Balance Table used as activity data is developed by the Asia Pacific Energy Research Centre (APERC) 
based on data collected from APEC member countries to provide useful information for understanding the energy 
supply and demand situation in the APEC region. The Energy Balance Table developed by APERC covers all APEC 
member countries and was created by collecting annual consumption data for coal, oil, natural gas, renewable 
energy, electricity, and heat.

For the purpose of presenting the Energy Balance Table by APERC has adopted kcal and Joules. 107 kcal (41.868 
gigajoules) is equivalent to one ton of oil equivalent (toe). This quantity of energy is, within a few percent, equal to 
the net heat content of one ton of crude oil. The Energy Balance Table by APERC shows the main energy sources 
used in PNG as “Columns” and the supply, conversion, and consumption sectors as “Rows” in a matrix.

Specifically, the columns comprise 11 major categories (“coal”, “coal products”, “crude oil, NGL and condensate”, 
“petroleum products”, “gas”, “Hydro”, “Nuclear”, “Geothermal, solar, etc”, “Others”, “electricity”, and “heat”) and 
the necessary sub-categories and a more detailed breakdown of the sub-categories. The rows comprise major 
sectors: primary energy supply (primary supply), energy transformation & own use (conversion), and final energy 
consumption (final consumption). The rows also contain the necessary sub-categories and a more detailed 
breakdown of the sub-categories.

The complete Energy Balance Tables by APERC for the years since 1980 are available on the following internet site:
https://www.egeda.ewg.apec.org/egeda/database_info/annual_data.html
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Figure 3-7:  Time-series of total final energy consumption by sectors from 2000 to 2017



Table 3-8 and table 3-9 show the correspondence between the sectors of the Energy Balance Table by APERC 
and those of the CRF.

Table 3-8:  Correspondence between sectors of the Energy Balance Table by APERC and those of the CRF (1.A.1)

National Inventory Report 2000 – 2017 30



Table 3-9:  Correspondence between sectors of the Energy Balance Table by APERC and those of the CRF (1.A.2, 1.A.3, 1.A.4)

Note: #17 items are subtracted as non-energy use activities.
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3.2.4.3. EF, Other Parameters

The carbon content of fuels expressed as the unit of net calorific value (lower heating value) was used for carbon 
emission factors. The emission factors for CO2 are default value emission factors of IPCC 2006 Guidelines.

Table 3-10 provides the emission factors for CO2 by fuel types.

Table 3-10:  Carbon emission factors for fuel combustion in net calorific value (Unit: t C/TJ)
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Table 3-11:  CH4 emission factors for fuel combustion in net calorific value (Unit: kg-CH4 / TJ)
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Table 3-12:  N2O emission factors for fuel combustion in net calorific value (Unit: kg-N2O / TJ)

Table 3-12 provides the emission factors for N2O by fuel types and sectors.
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Table 3-13:  GHG emissions from the fugitive emissions subsector (1.B) (in kt CO2 eq)
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3.2.5.      Category-specific Recalculations

A new format of energy balances table by APERC has been introduced to separate non-energy use from total final 
energy consumption after the inventory of BUR1. In the new format, total final consumption is the sum of total final 
energy consumption and non-energy use. Emissions in the energy sector have been recalculated based on the 
new format energy balance table developed by APERC. 

In addition, emissions from auto producers have been reported under 1.A.1 energy industry, but from this inventory 
submission, they will be reported under 1.A.2. manufacturing industries and construction. Therefore, the emissions 
from 1.A.1 and 1.A.2 have been recalculated for the whole year.

3.2.6.      Category-specific Planned Improvements

In this inventory the Energy Sector has the following challenges:

•	 Lack	of	an	energy	balance	table	based	on	PNG	national	statistics.

•	 Inability	to	disaggregate	activity	data	into	specific	categories.

•	 Lack	of	country-specific	emission	factors.

This may be improved by contacting the relevant stakeholder to check whether there is available data.

3.3. Fugitive Emissions from Fuels (1.B)

The Fugitive Emissions subsector consists of intentional and unintentional GHG emissions from unburned fossil fuels 
during their mining, production, processing, refining, transportation, storage, and distribution. 

In the IPCC category, there are two main source categories in this sector: 

(i) solid fuels (1.B.1): emissions from coal mining and handling; and 

(ii) oil and natural gas (1.B.2): emissions from the oil and natural gas industries.

However, since coal mining is not carried out in PNG, only oil and natural gas (1.B.2) are reported in this sector. 
Fugitive emissions, venting, flaring, volatilization, and accidents are the main emission sources in the oil and natural 
gas industries. 



Table 3-14:  NMVOC emissions from the fugitive emissions subsector (1.B) (in kt NMVOC)

Figure 3-8:  Emission trend of the fugitive emissions by gas (1.B.) from 2000 to 2017 (kt CO2 eq)

Figure 3-9:  Emission trend of the fugitive emissions (1.B) by category from 2000 to 2017 (in kt CO2 eq)

In 2017, GHG emissions from fugitive emissions from fuels were 1,458 ktCO2 eq. and accounted for 13.5% of PNG’s 
total GHG emissions (excluding LULUCF). The emissions have decreased by 52% compared to 2000. Emission from 
fugitive emissions in the oil sector decreased after 2000 as the production of oil decreased, while fugitive emissions 
from the gas sector increased due to the increase in production of natural gas (LNG project), especially in 2015.
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3.3.1.      Solid Fuels (1.B.1.)

This category is out of the scope of reporting because PNG does not mine coal.



(3) EF, Other Parameters

For emission factors for fugitive emissions from oil production, the default values for fugitive emissions of 
conventional oil from onshore oil fields, which are indicated in the 2006 IPCC Guidelines, are used. As for 
emission factors for onshore oil fields, the medians of default values are used.

Table 3-15:  Amount of oil production excluding condensate in PNG (unit: kL)

Table 3-16:  Emission factors for fugitive emissions from oil production [kt / 103m3]

Note:
1)  The default value is 1.5×10−6 – 6.0×10−2

2)  The default value is 1.1×10−7 – 4.3×10−3

3)  Excluded from calculations, as the default value is “NA”
4)  The default value is 1.8×10−6 – 7.5×10−2

c. Category-specific Recalculations

Precursor NMVOC emissions are newly reported under this category. 

d. Category-specific Planned Improvements, if applicable

Emissions from this category are significant in PNG emissions from the energy sector, so it should be collected 
detailed activity and infrastructure data to apply either a Tier 2 or Tier 3 approach, depending on the effort 
required.
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3.3.2.      Oil, Natural Gas and other emissions from Energy Production (1.B.2)

3.3.3.      Oil (1.B.2.a.)

3.3.3.1. Exploration (1.B.2.a.i.)

This category provides the estimation methods for fugitive emissions of CO2, CH4, N2O, and NMVOC from the 
exploratory drilling of oil fields. The emissions from this source are reported as “NE”. Exploration of oil activities exists 
in PNG and an extremely small amount of GHG emissions are considered to be released into the atmosphere from 
these activities. Because there are neither country-specific emission factors and activity data, GHG emissions from 
this source were not estimated.

3.3.3.2. Production (1.B.2.a.ii.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for fugitive emissions of CO2, CH4, and NMVOC that occur 
during the production of crude oil.

b. Methodological Issues

(1) Choice of method (include assumptions and the rationale for selection)

The fugitive emissions from oil production are estimated using the Tier 1 method, in accordance with the 
decision tree in the 2006 IPCC Guidelines (Vol. 2, page 4.39, Fig.4.2.2).

(2) AD (include uncertainties and time-series consistency)

The amount of crude oil production is used for activity data. The production amount of crude oil is 
obtained from the Energy Balance Table developed by APERC.

Reference: 2006 IPCC Guidelines Vol 2, page 4.58, Table 4.2.5”



3.3.3.3. Transport (1.B.2.a.iii.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for fugitive emissions of CO2, CH4, and NMVOC occurring 
during the transportation of crude oil through pipelines, tank trucks, and tank cars to refineries.

b. Methodological Issues

(1) Choice of Method (include assumptions and the rationale for selection)

The fugitive emissions from transport of crude oil are estimated using the Tier 1 method in accordance with the 
decision tree in the 2006 IPCC Guidelines (Vol.2, page 4.40, Fig.4.2.3) by multiplying the amount of crude oil 
transported by the emission factors.

(2) AD (include uncertainties and time-series consistency)

The amount of total crude oil production plus imports is used for activity data assuming crude oil transported 
according to the 2006 IPCC Guidelines (Vol.2, page 4.68, Table.4.2.7). The production and import amount of 
crude oil is obtained from the Energy Balance Table developed by APERC.

Table 3-17:  Amount of Oil Transported by pipeline in PNG (unit: kL)

Table 3-18:  Emission factors for transportation of crude oil [kt / 103m3]

Note : Oil Transported by pipeline = oil production + oil imports

Reference: 2006 IPCC Guidelines Vol. 2, page 4.61, Table 4.2.5
Note:  1) Excluded from calculations, as the default value is “NA”

(3) EF, Other Parameters

The default values given in the 2006 IPCC Guidelines were used as emission factors.

c. Category-specific Recalculations

Precursor NMVOC emissions are newly reported under this category.

d. Category-specific Planned Improvements

It is assumed that everything was transported by pipeline, but it should be confirmed that there is no 
transportation by tanker or truck.

3.3.3.4. Refining / Storage (1.B.2.a.iv.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for fugitive emissions of CH4 and NMVOC occurring when 
crude oil is refined or stored at oil refineries. The CO2 and N2O emissions from this source are reported as 
“NE”. Refining/storage activities exist in PNG and an extremely small amount of CO2 and N2O is considered to 
be released into the atmosphere from these activities. Because there are neither country-specific emission 
factors nor any default values for emission factors, CO2 and N2O emissions from this source are not estimated.
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b. Methodological Issues

(1) Choice of Method (include assumptions and the rationale for selection)

The fugitive emissions from oil refining are estimated using the Tier 1 method in accordance with the decision 
tree in the 2006 IPCC Guidelines (Vol. 2, page 4.40, Fig. 4.2.3).

(2) AD (include uncertainties and time-series consistency)

The amount of crude oil refined is used for activity data. The refined amount of crude oil is obtained from the 
Energy Balance Table developed by APERC. 

Table 3-19:  Amount of crude oil refined in PNG (unit: kL)

Table 3-20:  Emission factor during crude oil refining [kt / 103m3]

(3) EF, other Parameters

For the emission factors for the fugitive emissions during the refining process, the median values between 
upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.

Reference: 2006 IPCC Guidelines Vol. 2, page 4.53, Table 4.2.4
Note:

1) The default value is 2.6×10−6 – 41.0×10−6

2) Excluded from calculations, as the default value is “NA”

c. Category-specific Recalculations

Emissions in this category were not estimated, but new activity data was set up between 2005 and 2017 and 
additional CO2 and CH4 emissions were reported. As a result, recalculations were made from 2005 to 2017.

d. Category-specific Planned Improvements

There are no major planned improvements in this category.

3.3.3.5. Distribution of Oil Products (1.B.2.a.v.)

Petroleum products are distributed in PNG and it is conceivable that either or both CO2, CH4 and NMVOC will be 
emitted as a result of the relevant activity. However, the emissions are reported as “NE” due to the absence of 
default emission factors.
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3.3.4.      Natural Gas (1.B.2.b.)

3.3.4.1. Exploration (1.B.2.b.i.)

This category provides the estimation methods for fugitive emissions of CO2, CH4, N2O and NMVOC the explorative 
drilling of natural gas fields. As well as Exploration of oil (1.B.2.a.i), the emissions from this source are reported 
as “NE”. Exploration of natural gas activities exist in PNG and an extremely small amount of GHG emissions are 
considered to be released into the atmosphere from these activities. Because there are neither country-specific 
emission factors nor any activity data, GHG emissions from this source are not estimated.

3.3.4.2. Production (1.B.2.b.ii.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for fugitive emissions of CO2, CH4 and NMVOC occur at 
production of natural gas.

b. Methodological Issues

(1) Choice of Method (include assumptions and the rationale for selection)

The fugitive emissions from the production of natural gas are estimated using Tier 1 method, in accordance 
with the 2006 IPCC Guidelines (Vol. 2, page 4.38, Fig. 4.2.1).

(2) AD (include uncertainties and time-series consistency)

The production volume of natural gas is used for activity data. The production amount of natural gas is 
obtained from the Energy Balance Table developed by APERC.

Table 3-21:  Volume of natural gas production in PNG (unit: 109m3)

Table 3-22:  Emission factors of fugitive emissions during production of natural gas [kt / 106m3]

(3) EF, Other Parameters

For the emission factors for the fugitive emissions during the production of natural gas, the median values 
between upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.

Reference: 2006 IPCC Guidelines Vol. 2, page 4.55, Table 4.2.5
Note:

1) The default value is 3.8×10−4 – 2.4×10−2

2) The default value is 1.4×10−5 – 1.8×10−4

3) Excluded from calculations, as the default value is “NA”
4) The default value is 9.1×10−5 – 1.2×10−3

c. Category-specific Recalculations

CO2, CH4 and NMVOC emissions in 2002, 2004, 2014 and 2015 have been recalculated due to a change in 
the format of the APERC energy balance table used for activity data.

d. Category-specific Planned Improvements

There are no major planned improvements in this category.
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3.3.4.3. Processing (1.B.2.b.iii.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for fugitive CO2, CH4 and NMVOC emissions from the processing 
of natural gas including adjustment of its constituent elements.

b. Methodological Issues

(1.) Choice of Method (include assumptions and the rationale for selection)

The fugitive emissions associated with processing natural gas are estimated using Tier 1 method in accordance 
with the decision tree in the 2006 IPCC Guidelines (Vol.2, page 4.38, Fig.4.2.1).

(2.) AD (include uncertainties and time-series consistency)

The Volume of natural gas production is used for activity data. The production volume of natural gas is obtained 
from the Energy Balance Table developed by APERC. (Refer to Table 3 8)

(3.) EF, Other Parameters

For the emission factors for the fugitive emissions during processing of natural gas, the median values between 
upper limit and lower limit for Sweet Gas raw gas feed Plants indicated in the 2006 IPCC Guidelines are used. 
Due to the absence of any information on the ratio of sweet plants and sour plants in PNG gas plants, assumed 
all gas plants are sweet according to the 2006 IPCC Guidelines (Vol.2, page 4.67, Table.4.2.7).

Table 3-23:  Emission factors during natural gas processing [kt / 103m3]

Reference : 2006 IPCC Guidelines Vol. 2, page 4.55, Table 4.2.5
Note:

1) The default value is 4.8×10−4 – 1.1×10−3

2) The default value is 1.5×10−4 – 3.5×10−4

3) Excluded from calculations, as the default value is “NA”
4) The default value is 2.2×10−4 – 5.1×10−4

c. Category-specific Recalculations

CO2, CH4 and NMVOC emissions in 2002, 2004, 2014 and 2015 have been recalculated due to a change in 
the format of the APERC energy balance table used for activity data.

d. Category-specific Planned Improvements

Since the current estimation method assumes that all gas plants are sweet plants, it is necessary to collect 
information on the share of sweet and sour plants.

3.3.4.4. Transmission and Storage (1.B.2.b.iv.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for CO2, CH4 and NMVOC emissions from transmission of 
produced natural gas.

b. Methodological Issues

(1.) Choice of Method (include assumptions and the rationale for selection)

GHG emissions from transmission and storage facilities of natural gas are estimated using the Tier 1 method in 
accordance with the decision tree in the 2006 IPCC Guidelines (Vol.2, page 4.38, Fig.4.2.1) by multiplying the 
total net supply of natural gas by the emission factors.

(2.) AD (include uncertainties and time-series consistency)

The volume of natural gas production is used for activity data. The production volume of natural gas is obtained 
from the Energy Balance Table developed by APERC. (Refer to Table 3 8) Since natural gas is not imported in 
PNG, the production volume of natural gas is assumed to be equal to the total net supply and set as activity 
data.
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(3) EF, other Parameters

For the emission factors for the fugitive emissions from transmission and storage facilities of natural gas, the 
median values between upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.

Table 3-24:  Emission factors for fugitive emissions from natural gas transmission and storage [kt / 103m3]

Reference : 2006 IPCC Guidelines Vol. 2, page 4.57, Table 4.2.5
Note:

1) The default value is 16.6×10−5 – 1.1×10−3

2) The default value is 8.8×10−7 – 2.0×10−6

3) Excluded from calculations, as the default value is “NA”
4) The default value is 7.0×10−6 – 1.6×10−5

5) The default value is 2.5×10−5 – 5.8×10−5

6) The default value is 1.1×10−7 – 2.6×10−7

7) The default value is 3.6×10−7 – 8.3×10−7

c. Category-specific Recalculations

The time-series CH4, CO2, and NMVOC emissions have been recalculated due to changes in the activity data 
used to estimate emissions from storage.

d. Category-specific Planned Improvements

There are no major planned improvements in this category.

3.3.4.5. Distribution (1.B.2.b.v.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for CO2, CH4 and NMVOC emissions (excluding venting and 
flaring) from the distribution of natural gas to end users.

b. Methodological Issues

(1) Choice of Method (include assumptions and the rationale for selection)

The fugitive emissions from the distribution of natural gas are estimated using the Tier 1 method, in accordance 
with the decision tree in the 2006 IPCC Guidelines (Vol. 2, page 4.38, Fig.4.2.1).

(2) AD (include uncertainties and time-series consistency)

Natural gas production minus exports is used for activity data assuming gas utility sales according to the 2006 
IPCC Guidelines (Vol.2, page 4.67, Table.4.2.7). The production and exports volume of natural gas is obtained 
from the Energy Balance Table developed by APERC.

Table 3-25:  Amount of Oil Transported by pipeline in PNG (unit: 109m3)

Note : Gas Utility Sales = Gas Production - Gas Export

(3) EF, Other Parameters

For the emission factors for the fugitive emissions from the distribution of natural gas, the median values 
between upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.
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Table 3-26:  Emission factors for fugitive emissions from gas distribution [kt / 103m3]

Table 3-27:  Emission factors of oil field venting [kt / 103m3]

Reference : 2006 IPCC Guidelines Vol. 2, page 4.57, Table 4.2.5
Note:

1) The default value is 1.1×10−3 – 2.5×10−3

2) The default value is 5.1×10−5 – 1.4×10−4

3) Excluded from calculations, as the default value is “ND”
4) The default value is 1.6×10−5 – 3.6×10−5

Reference : 2006 IPCC Guidelines Vol. 2, pages 4.58 – 4.62, Table 4.2.5
Note:

1) The default value is 7.2×10−4 – 9.9×10−4

2) The default value is 9.5×10−5 – 1.3×10−4

3) Excluded from calculations, as the default value is “NA”
4) The default value is 4.3×10−4 – 5.9×10−4
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c. Category-specific Recalculations

The time-series CH4, CO2, and NMVOC emissions have been recalculated due to changes in the activity data.

d. Category-specific Planned Improvements

There are no major planned improvements in this category.

3.3.5.      Venting and Flaring (1.B.2.c.)

This section includes fugitive emissions of CO2 and CH4 occurring from venting during oil field development, crude 
oil transportation, refining processes, and product transportation in the petroleum industry, as well as during gas 
field development, natural gas production, transmission, and processing in the natural gas industry.
It also includes CO2, CH4 and N2O emissions from flaring during the above processes.

3.3.5.1. Venting (Oil) (1.B.2.c.Venting.i.)

a. Category Description (e.g. characteristics of sources)

This category provides the estimation methods for CO2, CH4 and NMVOC emissions from venting in the 
petroleum industry.

b. Methodological Issues

(1) Choice of Method (include assumptions and the rationale for selection)

The emissions from venting in the petroleum industry were calculated using the Tier 1 method in accordance 
with the decision tree of the 2006 IPCC Guidelines (Vol. 2, page 4.39, Fig. 4.2.2) by multiplying the amount of 
crude oil production by the default emission factors.

(2) AD (include uncertainties and time-series consistency)

The amount of crude oil production is used for activity data. The production amount of crude oil is obtained 
from the Energy Balance Table developed by APERC. (Refer to Table 3 8)

(3) EF, Other Parameters

For the emission factors of oil field venting, the median values between upper limit and lower limit indicated 
in the 2006 IPCC Guidelines are used.



c. Category-specific recalculations

Precursor NMVOC emissions are newly reported under this category.

d. Category-specific planned improvements

There are no major planned improvements in this category.

3.3.5.2. Venting (Gas) (1.B.2.c.Venting.ii.)

a. Category description (e.g. characteristics of sources)

This category provides the estimation methods for CO2, CH4 and NMVOC emissions from venting in the natural 
gas industry. 

b. Methodological issues

(1) Choice of method (include assumptions and the rationale for selection)

The CO2, CH4, and NMVOC emissions associated from venting in the natural gas industry were calculated 
using the Tier 1 method in accordance with the decision tree of the 2006 IPCC Guidelines (Vol. 2, page 
4.38, Fig. 4.2.1). The emissions were calculated by multiplying the amount of natural gas production by the 
emission factors. The GHG emissions associated with venting during gas transmission were reported as the 
emissions from venting in the natural gas industry.

(2) AD (include uncertainties and time-series consistency)

The Volume of natural gas production is used for activity data. The production volume of natural gas is 
obtained from the Energy Balance Table developed by APERC. (Refer to Table 3 8)

(3) EF, other parameters

For the emission factors for the fugitive emissions from venting in the natural gas industry, the median values 
between upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.

Table 3-28:  Emission factors of natural gas field venting [kt / 103m3]

Reference : 2006 IPCC Guidelines Vol. 2, page 4.57, Table 4.2.5
Note:

1) The default value is 4.4×10−5 – 7.4×10−4

2) The default value is 3.1×10−6 – 7.3×10−6

3) Excluded from calculations, as the default value is “NA”
4) The default value is 4.6×10−6 – 1.1×10−5

c. Category-specific recalculations

Precursor NMVOC emissions are newly reported under this category.

d. Category-specific planned improvements

There are no major planned improvements in this category.

3.3.5.3. Flaring (Oil) (1.B.2.c.Flaring.i.)

a. Category description (e.g. characteristics of sources)

This category provides the estimation methods for CO2, CH4, N2O and NMVOC from flaring in the petroleum 
industry.

b. Methodological issues

(1) Choice of method (include assumptions and the rationale for selection)

The CO2, CH4, N2O and NMVOC emissions from flaring in the petroleum industry were calculated using the Tier 
1 method in accordance with the decision tree of the 2006 IPCC Guidelines, by multiplying the amount of 
crude oil production in PNG by the default emissions factors.
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(2) AD (include uncertainties and time-series consistency)

The amount of crude oil production is used for activity data. The production amount of crude oil is obtained 
from the Energy Balance Table developed by APERC. (Refer to Table 3 8)

(3.) EF, other parameters

For the emission factors for the fugitive emissions from flaring in the petroleum industry, the median values 
between upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.

Table 3-29:  Emission factors for flaring in the oil industry [kt / 103m3]

Reference : 2006 IPCC Guidelines Vol. 2, pages 4.58 – 4.62, Table 4.2.5
Note:

1) The default value is 2.5×10−5 – 3.4×10−5

2) The default value is 4.1×10−2 – 5.6×10−2

3) The default value is 6.4×10−7 – 8.8×10−7

4) The default value is 2.1×10−5 – 2.9×10−5

c. Category-specific recalculations

Precursor NMVOC emissions are newly reported under this category.

d. Category-specific planned improvements

There are no major planned improvements in this category.

3.3.5.4. Flaring (Gas) (1.B.2.c.Flaring.ii.)

a. Category description (e.g. characteristics of sources)

This category provides the estimation methods for CO2, CH4, N2O and NMVOC from flaring in the natural gas 
industry.

b. Methodological issues

(1) Choice of method (include assumptions and the rationale for selection)

The CO2, CH4, and N2O emissions associated with flaring in the natural gas industry were calculated using the 
Tier 1 method in accordance with the decision tree of the 2006 IPCC Guidelines (Vol. 2, page 4.38, Fig. 4.2.1). 
The emissions were calculated by multiplying the amount of natural gas production by the emission factors. 
The total emissions associated with flaring both during gas production and processing were reported as the 
emissions from flaring in the natural gas industry.

(2) AD (include uncertainties and time-series consistency)

The Volume of natural gas production is used for activity data. The production volume of natural gas is obtained 
from the Energy Balance Table developed by APERC. (Refer to Table 3 8)

(3) EF, other parameters

For the emission factors for the fugitive emissions from flaring in the natural gas industry, the median values 
between upper limit and lower limit indicated in the 2006 IPCC Guidelines are used.

Table 3-30:  Emission factors for flaring in the natural gas industry [kt / 103m3]

Reference : 2006 IPCC Guidelines Vol. 2, page 4.55, Table 4.2.5
Note:

1) The default value is 7.6×10−7 – 1.0×10−6

2) The default value is 1.2×10−3 – 1.6×10−3
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3) The default value is 2.1×10−8 – 2.9×10−8

4) The default value is 6.2×10−7 – 8.5×10−7

5) The default value is 1.2×10−6 – 1.6×10−6

6) The default value is 1.8×10−3 – 2.5×10−3

7) The default value is 2.5×10−8 – 3.4×10−8

8) The default value is 9.6×10−7 – 1.3×10−6

c. Category-specific recalculations

CO2, CH4 and NMVOC emissions in 2002, 2004, 2014 and 2015 have been recalculated due to a change in 
the format of the APERC energy balance table used for activity data.

d. Category-specific planned improvements

There are no major planned improvements in this category.

3.4. CO2 Transport and Storage (1.C)

This category is out of the scope of reporting because PNG does not transport or store CO2.

National Inventory Report 2000 – 2017 46



Industrial Processes 
and Product Use 

(IPPU) 

Chapter

4

National Inventory Report 2000 – 2017 47



4.1. Overview of Sector

PNG’s economy is dominated by resources, agriculture, forestry, and fishing, and also includes a small import-
substituting manufacturing sector.  A number of these activities involve an industrial process or a product use that 
results in GHG emissions including lubricant use (2.D.1) and refrigeration and air-conditioning (2.F.1).  A number 
of import-substituting manufacturing result in the emission of non-GHGs (CO, NOx, NMVOC) and include food, 
beverage, and tobacco manufacturing.  The import of N2O used in products (2.G.3) also gives rise to GHG emissions. 

The nature and extent of an industrial process or product use in other activities associated with resources, agriculture, 
and fishing have not been determined. CCDA continues to work with CEPA in a process of using ‘environmental 
permits’ to confirm whether GHG emissions are associated with any of these activities.  Examples of activities have 
been identified in PNG’s Balance of Trade and include:

•	 Cladding	of	base	metals	with	silver,	and	base	metals,	silver	or	gold	clad	with	platinum	(not	further	worked	than	
semi-manufactured);

•	 Copper	ores	and	concentrates;

•	 Gold	(including	gold	plated	with	platinum),	unwrought	or	in	semi-manufactured	forms,	or	in	powder	form;

•	 Nickel	mattes,	nickel	oxide	sinters,	and	other	intermediate	products	of	nickel	metallurgy;

•	 Precious	metal	ores	and	concentrates;

•	 Amine	function	compounds,	oxygen-function	compounds	except	for	 lysine	and	its	esters	and	salts	thereof,	
glutamic acid and its salts, ureines and their derivatives and salts thereof, carboxyimide-function compounds 
and imine-compounds, nitrile functi;

•	 Food	manufacturing	(tuna,	skipjack,	or	striped-bellied	bonito)	frozen,	prepared	dishes	and	meals	based	on	
fish, molluscs and crustaceans; and

•	 Petroleum	jelly,	paraffin	wax,	micro-crystalline	petroleum	wax,	slack	wax,	ozokerite,	lignite	wax,	peat	wax,	other	
mineral waxes and similar products, petroleum coke, petroleum bitumen and other residues of petroleum oils 
or of oils obtained from bitumi.

Currently emissions from these categories have not been reported in this GHG inventory.  Hence emissions from 
Mineral Industry (2.A.), Chemical Industry (2.B.) and Metal Industry are reported as ‘not occurring’ until confirmed 
otherwise via the GHG Inventory Improvement Plan.  

CCDA has included HFC emissions for the first times in the GHG inventory.  These emissions are estimated on the 
basis of the quantities of bulk HFCs imported into PNG.  Further improvement is required to estimate emissions by 
end-use which requires data on pre-charged equipment type and the ‘refrigerant bank’.  CCDA will collaborate 
with CEPA and PNG Customs to establish a data framework to provide the data and information necessary to 
provide end-use emissions of fluorinated gases. 

CCDA has also identified the potential for SF6 emissions arising from the use of electrical equipment.  Again, 
CCDA will collaborate with CEPA and PNG Customs to establish a data framework to provide activity data on the 
importation and use of electrical equipment containing SF6.  

This section provides GHG emission estimates for lubricant use (2.D.1), HFCs in refrigeration and air-conditioning 
(2.F.1) and N2O in product use (2.G.3).  Emission estimates for other IPPU subsectors are not reported and are 
denoted as ‘not occurring’ until demonstrated that the activity is occurring in PNG.  

The IPPU GHG inventory has been developed with use of IPCC Tier 1 methods and the IPCC default emission 
factors.  HFC’s from product uses as substitutes for ODS (2.F.1) is the only exception in which an IPCC Tier2b method 
was applied.  Activity data has been obtained directly from industry data sources for lubricant use (2.D.1) and N2O 
from product use (2.G.3), and from PNG Customs who provided HFC bulk import data.

Total GHG emissions in the IPPU sector for the latest inventory are estimated to be 153.3 kt CO2 eq.  The relative 
contribution of individual GHGs is 1% (CO2), 98% (HFC) and 1% (N2O).  This ratio is largely consistent through the 
time series with exception to HFCs that are estimated only for years 2015 through to 2017.  It is acknowledged that 
the IPPU inventory remains largely incomplete.  

In 2017, IPPU sector emissions contributed 1% to total GHG emissions (excluding LULUCF). The emissions by category 
are shown in table 4-1.  
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Table 4-1:  IPPU sector GHG emissions.

Figure 4-1:  Relative contribution to total IPPU emissions (in kt CO2 eq)

Note:  ‘NO’ = not occurring; ‘NE’ = not estimated.

IPPU sector emissions in 2017 were 153.3 kt CO2 eq (18,690 %) higher than emissions in 2000 (0.82 kt CO2 eq).  This 
significant percent change was mainly driven by a paucity of activity data in the base year for HFCs and for N2O 
from product use.
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4.2. Mineral Industry (2.A.)

Mineral Industry (2.A.) emissions are not reported.  PNG’s Balance of Trade statistics indicate a mineral industry does 
not exist in PNG. 

The GHG Inventory Improvement Plan includes an exercise to confirm whether any mineral industry activities are 
occurring in PNG, and whether these activities generate GHG emissions. 

4.3. Chemical Industry (2.B.)

Chemical Industry (2.B.) emissions are not reported.  As already noted, PNG’s Balance of Trade statistics indicate a 
chemical manufacturing industry exists in PNG, mainly in Lae, Morobe Province and Port Moresby.  
CCDA aims to confirm via the GHG Inventory Improvement Plan whether chemical industry related activities listed 
in section 4.1 occur, and secondly, whether its industrial processes generate GHG emissions. 

4.4. Metal Industry (2.C.) 

Metal Industry (2.C.) emissions are not reported.  There is extensive mining of metals including precious metals 
in PNG.  These include gold, silver, copper, rare earth metals, nickel, cobalt, chromium, iron and platinum.  It is 
unclear at what point in the manufacturing chain (ore, concentrating, smelting, refining) the process ends, and 
whether the process generates GHG emissions. 

CCDA aims to confirm via the GHG Inventory Improvement Plan whether metal industry related activities listed in 
section 4.1 occur, and secondly, whether its industrial processes generate GHG emissions.   



(3) Choice of Emission Factor and Other Parameters

A default IPCC emission factor (carbon content and ‘oxidised during use’ factor) is used. The default 
emission factor is 20.0 kg C/GJ on a Lower Heating Value basis.  

Country-specific data to differentiate the fraction of the lubricant consumed and combusted (reported 
in Energy sector), from the fraction not fully oxidised (reported in the IPPU sector). Hence PNG applies the 
limiting assumption to calculate CO2 emissions as the total amount of lubricants lost during their use as it 
is assumed to be fully combusted, and thereby these emissions are directly reported as CO2 emissions.

PNG has only total consumption data and cannot differentiate between oil and grease. Hence the IPCC 
default weighted average ODU factor of 0.2 is used, based on an assumption of 90 % of the mass of 
lubricants is oil and 10 % is grease. 
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4.5. Non-Energy Products from Fuels and Solvent Use (2.D.)

4.5.1.      Lubricant Use (2.D.1)

4.5.1.1. Category Description (e.g. characteristics of sources)

Lubricants (motor oils) are liquids used for lubrication of various combustion engines used in industrial and 
transportation applications. While the main function is to lubricate moving parts, motor oil also cleans, inhibits 
corrosion, improves sealing and cools the engine by carrying heat away from the moving parts. The majority of 
motor oils are derived from crude oil. Lubricants mostly consist of hydrocarbons: organic compounds consisting 
entirely of hydrogen and carbon. 

Lubricants are categorised into mineral or synthetic motor oils depending on the production process technology. 
Mineral oils are produced by basic conversion technologies. They fulfill only minimum standards. Synthetic oils 
(low-viscosity lubricants) are produced in synthetic processes which significantly improves the characteristics of the 
product.

4.5.1.2. Methodological Issues

(1) Choice of Activity Data

CCDA has been provided lubricant consumption data from key importer of lubricants.  This data has 
been provided for all years up to 2015.  In-lieu of corresponding data for 2016 and 2017 it is assumed 
activity data for these years is the same as 2015.  

(2) Choice of Method

A Tier 1 method is used to estimate CO2 emissions from lubricant use. There is no country-specific 
information on the amount of lubricant used for specific applications. For this reason, the IPCC Tier 1 
approach is used (IPCC, 2006a).  

CO2 emissions from lubricant use is calculated with use of the IPCC Tier 1 method provided below.
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4.5.1.3. Category-specific Recalculations, if applicable

No recalculation of the CO2 emission time-series was undertaken for this GHG inventory. However it is acknowledged 
2016 and 2017 will need to be recalculated in future GHG inventories with use of actual activity data for these 
years.

4.5.1.4. Category-specific Planned Improvements, if applicable (e.g. methodologies, AD, EF, etc.)

CCDA has no planned improvements in the methodology and emission factors to estimate CO2 emissions from 
lubricant use. This is based on a need to prioritize improvements in the GHG inventory based on outcomes of the 
key category assessment.

4.6. Product Use as a Substitute for ODS (2.F.)

Various applications under this subsector rely on the use of refrigerants.  The use and subsequent leakage of these 
gases have traditionally been known to impact the ozone layer.  The process of phasing-out of ozone depleting 
substances (ODS) is managed under the Montreal Protocol. The Kigali Amendment to this protocol requires the 
phasing-out of HFCs which have high global warming potentials, with HFCs to be gradually replaced by CFC’s and 
HCFC’s.

PNG has reported HFC emissions for the time series 2015–2017.  These emission estimates are taken from the 
HFC Emission Inventory Report (Picker and Dudley, September 2021) provided to CCDA.  The method applied 
to estimate emissions is based on bulk HFC import data provided by PNG Customs.  Thereby these emissions 
cannot be attributed to specific ‘applications’, but it is acknowledged that most of the imported HFC would be 
used in refrigeration and air-conditioning equipment.  Hence they are reported under 2.F.1. Refrigeration and Air-
Conditioning.

CCDA acknowledges GHG emissions from the product use as a substitute for ODS is largely incomplete.  Bulk HFC 
import data could not be allocated to specific end-uses and this has been identified as an improvement for the 
next inventory.  The ability to estimate and monitor refrigerant ‘banks’ is an additional area of improvement. The 
‘bank’ is the existing stock of refrigerants in existing equipment.

4.6.1.      Refrigeration and Air-Conditioning (2.F.1)

4.6.1.1. Category Description (e.g. characteristics of sources)

Refrigeration and air-conditioning equipment are largely used for thermal comfort in domestic and commercial 
buildings or in the storage and transport of goods such as food.  New equipment imported into PNG can be pre-
charged, but in some cases they will need to be charged with a refrigerant upon installation.  These equipment 
will need to recharged periodically via maintenance procedures, and at the end of life are ‘retired’ and then the 
refrigerant is ‘destroyed’.  There can be leakages of refrigerants from retired equipment.

4.6.1.2.  Methodological Issues

(1) Choice of Activity Data

The abovementioned HFC Emission Inventory Report investigated sources of activity data to enable 
estimation of HFC emissions.  Three sources were identified with Chinese export data (2015-2019) and 
PNG Customs import data (2019-2020) selected.  The PNG Customs data was selected as the primary 
source on the basis it would be a reliable and sustainable source of bulk HFC import data.  The Chinese 
export data provided the necessary speciation of HFC with species ratios used to adjust PNG Customs 
data.



Table 4-2:  Adjusted HFC data for 2015 to 2017

Source:  HFC Emission Inventory Report (September 2021)

(2) Choice of Method

HFC emissions have been estimated with use the Equation 7.9 from the 2019 Refinement of the 2006 
IPCC Guidelines.  This is a Tier 2b mass-balance approach to estimating emissions that relies on known or 
assumed information on servicing regimes required to maintain equipment.  
 

CCDA has utilized expert judgement and judgement which enable use of the above equation.  These 
assumptions are detailed in the HFC Emission Inventory Report (September 2021) provided to CCDA that 
includes expert judgement of the authors and the PNG Refrigeration and Air-Conditioning Association 
(PNG-RACA).  These assumptions include:

•	 Ratio	of	refrigerant	used	for	servicing	and	used	for	charging	new	equipment	of	80:20,

•	 Original	total	charge	of	retiring	equipment	assumed	to	be	zero,	and

•	 Amount	of	intentional	destruction	assumed	to	be	zero.

It is acknowledged small quantities of refrigerants were shipped to Australia for destruction.  However, 
investigation is required to confirm this event and the quantities involved.

(3) Emission factors and other parameters

HFC emissions were estimated using HFC bulk import data hence no emission factors were required.  
Other parameters used in the applied methodology are described in the previous section.

Emissions (kg)=[Annual sales of new refrigerants]+[Total charge of new equipment]+[Original total 
charge of retiring equipment]-[amount of intentional destruction] 

Where:

‘Annual sales of new refrigerant’ is the amount of refrigerant introduced in a given year, and includes 
all refrigerant used to fill or refill equipment, whether the refrigerant is charged into equipment at 
the factory, charged into equipment after installation, or used to recharge equipment at servicing.  
It does not include recycled or reclaimed refrigerant.

‘Total charge of new equipment’ is the sum of all full charges of all retiring equipment decommissioned 
in a given year.  It assumes equipment will have been serviced right up to its decommissioning and 
thereby contain its original charge.

‘Amount of intentional destruction’ is the quantity of refrigerant destroyed.
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(3) Emission Factors and Other Parameters

PNG uses the IPCC default emission factor of 1 based on the limiting assumption that none of the 
administered N2O is chemically changed by the body and is returned to the atmosphere.
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4.6.1.3. Category-specific Recalculations, if applicable

This is the first reporting of HFC emissions.  Hence there is no recalculation of emissions. 

4.6.1.4. Category-specific Planned Improvements, if applicable (e.g. methodologies, AD, EF, etc.)

The HFC Emission Inventory Report (September 2021) provided to the CCDA lists identified improvement to the 
Product uses as substitutes for ODS (2.F).  These improvements can be generalized as:

•	 CCDA	collaborate	with	CEPA	and	PNG	Customs	on	an	interim	arrangement	to	obtain	annual	HFC	bulk	import	
data to enable emissions estimation,

•	 Concurrently,	 CEPA	 collaborates	 with	CCDA	and	 PNG	Customs	 on	 improving	mechanisms,	 arrangements,	
processes and procedures to collect data by imported equipment type, the stock of equipment in PNG by 
end-use, and the refrigerant ‘bank’, and

•	 Collaborate	with	PNG	Customs	and	PNG	Energy	to	identify	sources	of	data	on	SF6 in electrical equipment. 

4.7. Other Product Manufacture and Use (2.G.)

4.7.1.      N2O for Medical Application (2.G.3.)

4.7.1.1. Category Description (e.g. characteristics of sources)

PNG has reported emission of N2O from product use in medical applications for years 2002 through to 2017.  
Activity data for the earlier years of the time series was not available. Medical applications include anaesthetic use, 
analgesic use and veterinary use.

4.7.1.2. Methodological Issues

(1) Choice of Activity Data

Activity data had previously been provided to CCDA by BOC Gases who is has been identified as the sole 
importer into PNG of N2O for medical application. Activity data is provided for years 2002 through to 2015.  
In-lieu of corresponding data for 2016 and 2017 it is assumed activity data for these years is the same as 
2015. 

(2) Choice of Method

Because the quantities are small and the emissions are all considered to be prompt, a Tier 1 method is 
to estimate N2O emissions. Further, it is assumed all N2O that is imported is assumed to be sold and used 
in one year.

N2O emissions from N2O consumption in medical applications is calculated with use of the IPCC Tier 1 
method provided below.



4.7.1.3. Category-specific Recalculations, if applicable

No recalculation of the N2O from medical applications was undertaken for this GHG inventory. However it is 
acknowledged 2016 and 2017 will need to be recalculated in future GHG inventories with use of actual activity 
data for these years.

4.7.1.4. Category-specific Planned Improvements, if applicable (e.g. methodologies, AD, EF, etc.)

CCDA has no planned improvements in the methodology and emission factors to estimate N2O emissions from 
medical application.  This is based on a need to prioritise improvements in the GHG inventory based on outcomes 
of the key category assessment.
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Table 5-1:  Total GHG emissions from the agriculture sector (kt CO2 eq)

Note: IE = Included elsewhere, NE=Not estimated, NO=Not occurring
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5.1. Overview of Sector

This chapter contains information on the estimation of GHG emissions from the agriculture sector. GHG emissions 
from the agricultural sector are generally linked to the management of agricultural soils, livestock, rice production 
and biomass burning. The main agricultural sources of GHG emissions are the following: 

•	 enteric	fermentation,	part	of	the	digestive	process	for	many	ruminants	such	as	cattle,	sheep	and	goats,	which	
produces methane (CH4) emissions; 

•	 nitrification	and	denitrification	of	the	nitrogen	present	in	soils,	which	produces	nitrous	oxide	(N2O) emissions; 

•	 manure	decomposition	under	anaerobic	condition,	which	produces	methane	emissions.	

This section provides GHG estimates from livestock (3.A.) and aggregated sources and non-CO2 emission 
sources from land (3.C.). Under livestock (3.A.) the GHG estimates cover enteric fermentation (3.A.1) and manure 
management (3.A.2). Under aggregated sources and non-CO2 from land (3.C.) the GHG estimates covers direct 
N2O emissions from managed soils (3.C.4.), indirect N2O emissions from managed soils (3.C.5.); and indirect N2O 
from manure management. Biomass burning in forest lands (3.C.1.a) is captured under the LULUCF sector. Biomass 
burning of other land use (cropland (3.C.1.b), grassland (3.C.1.c) and other land (3.C.1.d)), liming (3.C.2), urea 
application (3.C.3.) and rice cultivation (3.C.7.) are not estimated due to limited or unavailability of data.

GHG emissions from the agriculture sector amounted to 934.7 kt CO2 eq in 2017 which is about 9 % of the country’s 
overall emission in that year (excluding LULUCF). Total GHG emissions increased by 203 kt CO2 eq (28 %) in 2017 
when compared with year 2000. The highest emitting category in 2017 was direct N2O emissions from managed 
soils (3.C.4.) which contributed 57 % of the total sector emissions. After this is the enteric fermentation (3.A.1.) 
category which contributed 18 %, followed by manure management (3.A.2.) with 17 % and indirect N2O emissions 
from managed soils (3.C.5.) with about 7 %. This least emitting category in the agriculture sector is indirect N2O 
emissions from manure management.  



Figure 5-1:  Trend of GHG emissions for the agriculture sector from 2000 to 2017 (kt CO2 eq)

Table 5-2:  Total GHG emissions from enteric fermentation by livestock species (kt CO2 eq)

Note: NO=Not occurring
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5.2. Livestock (3.A.)

This section provides narratives on the of GHG emissions from the livestock (3.A.). This includes the enteric fermentation 
(3.A1) category and manure management category (3.A.2). The two main GHG emitted are CH4 and N2O. In 
accordance with 2006 IPCC Guidelines, CO2 emissions from livestock are not estimated because annual net CO2 
emissions are assumed to be zero – the CO2 photosynthesized by plants is returned to the atmosphere as respired 
CO2. A portion of the C is returned as CH4 and for this reason CH4 requires separate consideration (Dong et al., 
2006).

In PNG the main livestock species raised are cattle, sheep, goat, horses, swine and poultry. Buffalo, camels, mules 
and asses are not present in PNG and therefore GHG emissions from these livestock species are not captured.    

5.2.1.      Enteric Fermentation (3.A.1)

CH4 is produced in herbivores as a by-product of enteric fermentation, a digestive process by which carbohydrates 
are broken down by micro-organisms into simple molecules for absorption into the bloodstream. The amount of 
methane that is released depends on the type of digestive tract, age, and weight of the animal, and the quality 
and quantity of the feed consumed. Ruminant livestock (e.g., cattle, sheep) are major sources of methane with 
moderate amounts produced from non-ruminant livestock (e.g., pigs, horses).

In PNG total CH4 emissions from enteric fermentation in 2017 were 172.92 kt CO2 eq, an increase of 26.86 kt CO2 
eq (16 %) when compared with the year 2000. Non-dairy cattle (other cattle) contributed about 91% of the total 
CH4 emissions in 2017 while the remaining emissions are from the other livestock species.



Figure 5-2:  Trend in GHG emissions for enteric fermentation from 2000 to 2017 (in kt CH4)

a. Methodological Approach

(1) Choice of Method (include assumptions and the rationale for selection)

GHG emissions from enteric fermentation have been estimated using Tier 1 method of the 2006 IPCC guideline.  
To estimate total CH4 emissions, the default livestock species emission factors are multiplied by the associated 
animal population (Equation 10.19) and summed (Equation 10.20).

Equation 10.19:  Total emissions from livestock enteric fermentation 

Equation 10.20:  Total emissions from livestock enteric fermentation
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(2) AD (include uncertainties and time-series consistency)

The activity data for the years 2000 to 2015 used are livestock population taken from the 4 regional offices 
of the Department of Agriculture and Livestock. This includes Highlands region, New Guinea Islands region, 
Momase region and Southern region. CCDA officers visited each of these regional offices and issued data 
templates containing types of livestock species and years 2000 to 2015. Since there were no existing records 
on livestock population, the DAL officers made estimations on the number of livestock species based on local 
knowledge for the year 2000 and 2001. For the years 2002 to 2015 the DAL officers estimated the number of 
livestock species based on the trend of 2000 and 2001. 

In addition to this, CCDA officers also visited some private sector organisations and were able to collect 
livestock population data. This includes;

1. Trukai industries;

2. Ramu Agri-Industires limited;

3. Zenag Chickens;

4. Niugini Table Birds;

5. Rumion (Leron) Piggery;

6. New Britain Palm Oil Limited

The livestock population data provided by these private sector organisations were based on their records that they 
have been breeding and supplying to their customers. The data provided by the private sector organisations were 
added with the data provided by the 4 DAL regional offices and used as activity data for the Livestock category.       
For the livestock data of years 2016 and 2017 figures were extrapolated using the trend extrapolation method in 
volume 1 chapter 5 of the 2006 IPCC guidelines. This is because updated data for 2016 and 2017 wasn’t available 
from the data source. 

(3.) EF, Other Parameters

The default emission factors used were from table 10.10 (for developing countries) and table 10.11 (for 
Oceania region) in chapter 10, volume 4 of the 2006 IPCC guideline. 

b. Category-specific Recalculations
 Recalculations have not been applied for this subcategory for this reporting cycle.

c. Category-specific Planned Improvements, if applicable
 PNG is planning to set up data collection activities that lead to improve the detail of the activity data and 

eventually move to higher tiers especially for the most representative livestock species in the country.

5.2.2.      Manure Management (3.A.2.)

CH4 is generated during the storage and treatment of manure, produced from decomposition of manure under 
low oxygen or anaerobic conditions. These conditions often occur when large numbers of animals are managed 
in a confined area (e.g. dairy farms, beef feedlots), where manure is typically stored in large piles or disposed 
in lagoons or other types of manure management systems (MMS). N2O is emitted directly into the atmosphere 
during the storage and treatment of manure via combined nitrification and denitrification of nitrogen contained 
in manure.

This section provides estimates of CH4 and N2O from manure management of livestock in PNG. For the purpose 
of this cycle of GHG inventory the type of manure management system practiced in PNG were based on expert 
judgment with guidance from the 2006 IPCC guidelines. This includes:

•	 Uncovered	anaerobic	lagoon;

•	 liquid/slurry	(without	natural	crust	cover);

•	 dry	lot;

•	 solid	storage	(with	natural	crust	cover);

•	 daily	spread;

•	 aerobic	treatment	(natural	aeration	system).	

The total GHG emissions from manure management in 2017 was 158.69 kt CO2 eq, an increase of 25.34 kt CO2 
eq (19 %) when compared with the year 2000. 91% of the total emissions in 2017 are CH4 emissions while the 
remaining 9% are N2O.
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Table 5-3:  Total GHG emissions from manure management 

Figure 5-3:  Trend in GHG emissions from manure management from 2000 to 2017 (in kt CO2 eq)

Note: NO=Not occurring

5.2.2.1. CH4 Emissions from Manure Management

This section covers the choice of method, activity data, emission factors and other parameters used to estimate 
CH4 emissions from manure management.

a. Methodological Approach

(1) Choice of Method (include assumptions and the rationale for selection)

The amount of CH4 produced by manure management is a function of i) number of animals, ii) amount of 
manure produced; and iii) temperature, while at higher tiers information on type of MMS and retention time 
are also needed.
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PNG used the Tier 1 method to estimate CH4 emissions from manure management. The choice of method was 
dependent on data availability. This simplified method requires livestock population data by animal species and 
climate region or temperature, in combination with IPCC default emission factors to estimate emissions. Because 
some emissions from manure management systems are highly temperature dependent, it is good practice to 
estimate the average annual temperature associated with the locations where manure is managed. The emissions 
were estimated using the equation below.

(2) AD (include uncertainties and time-series)

Animal population data are the same as those used for the enteric fermentation emission estimates. 

(3) EF, Other Parameters

The emission factors used for the estimation of CH4 from manure management were a weighted average of 
default emission factors by average annual temperature presented in table 10.14 and table 10.15 in chapter 
10, volume 4 of the 2006 IPCC guidelines. This is because the highlands region of PNG is considered to have 
an average annual temperature of 170C while the coastal region has an average annual temperature of 
270C. Therefore, the weighted averaged of CH4 emission factor for each livestock species under these two 
temperatures were used.  The weighted average was estimated by using livestock population data for the 
highlands region and the livestock population data for the coastal region. The estimation of the weighted 
average for each livestock species was done by using the equation below
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Equation 10.22:  CH4 emissions from Manure Management



The table below provides a list of emission factors for each livestock species that were used. 

Table 5-4:  Manure management methane emission factors used for the estimation

5.2.2.2. N2O Emissions from Manure Management

This section covers the choice of method, activity data, emission factors and other parameters used to estimate 
N2O emissions from manure management.

a. Methodological Approach

(1) Choice of Method (include assumptions and the rationale for selection)

N2O emissions from manure management are a function of i) nitrogen content of manure, ii) duration of 
storage, and iii) type of manure treatment.

For the estimation of N2O emissions from manure management PNG used the Tier 1 method which entails 
multiplying the total amount of N excretion (from all livestock species/categories) in each type of manure 
management system by an emission factor for that type of manure management system. For the estimation 
of direct N2O Emissions from manure management Equation 10.25 in chapter 10 volume 4 was used.
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Equation 10.25:  Direct N2O emissions from manure management 



The equation was used to estimate direct N2O emissions from each manure management system assumed to 
be practiced in PNG. This includes uncovered anaerobic lagoon, liquid slurry, dry lot, solid storage and aerobic 
treatment.

(2) EF, Other Parameters

Default emissions factors and other parameters were taken from chapter 10 volume 4 of the 2006 IPCC 
Guidelines with some assumptions made as per the circumstances of PNG to cater for missing values.

•	 EF

 The default emission factors used were from table 10.21 based on the assumption on the type of 
manure management system practiced in PNG. The table below provides a list of these default 
emission factors.

Table 5-5:  N2O-N emission factors

Table 5-6:  Annual N excretion rates

•	 Other	parameters

(i) Annual N excretion rates

Equation 10.3 from chapter 10, volume 4 of the 2006 IPCC guidelines was used to estimate annual N excretion 
rate.
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Equation 10.3:  Annual N excretion rates



The N rate(T) default values used were from table 10.19 of chapter 10, volume 4 of the 2006 IPCC guidelines for the 
Oceania region. While TAM for each livestock species for the Oceania region and developing countries from tables 
10A-4, 10A-5, 10A-7 and 10A-9 chapter 10, volume 4 were used. Although for poultry and swine the TAM in the 
2006 IPCC guidelines were on a disaggregated level   and the available activity data was at a aggregated level, 
the weighted average of the TAM were estimated and used. The table below provides a list of the TAMs that were 
used.

Table 5-7:  Typical animal mass used for each livestock

Table 5-8:  Default values for MT (T, S)

(ii) Fraction of total annual nitrogen excretion for each livestock species that is managed in manure management 
system (MS (T, S))

The MS (T, S) used were taken from table 10A-4, 10A-7 and 10A-8 for Oceania region which only contained values 
for cattle and swine. The table below provides a list of MS (T, S) that were used.

b. Category-specific Recalculations

No recalculations were done for this cycle

c. Category-specific Planned Improvements, if applicable

Planned improvements for this sub category involve a proper survey to identify the types of manure 
management systems practiced in PNG. 
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Table 5-9:  Direct N2O emissions from managed soils (kt CO2 eq)
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5.3. Aggregate Sources and Non-CO2 Emissions Sources on Land (3.C.)

For this GHG reporting cycle, the GHG estimates capture emissions from direct N2O emissions from managed soil 
(3C4), indirect N2O emissions from managed soils (3C5) and indirect N2O emissions from manure management. In 
addition to this, biomass burning (3C1) was also estimated and is captured under the LULUCF sector. Liming (3C2), 
urea application (3C3) and rice cultivation (3C7) were not estimated due to unavailability of activity data. 

5.3.1.      Biomass Burning (3.C.1.)

GHG emissions from this category are reported under the LULUCF sector.

5.3.2.      Liming (3.C.2.)

GHG emissions from this category were not reported due to unavailability of activity data. PNG is planning to set up 
data collection activities that lead to improve the detail of the activity data.

5.3.3.      Urea Application (3.C.3.)

GHG emissions from this category were not reported due to unavailability of activity data. PNG is planning to set up 
data collection activities that lead to improve the detail of the activity data.

5.3.4.      Direct N2O Emissions from Managed Soils (3.C.4.)

Direct N2O emissions from managed soils result from nitrogen sources that have been added to the soils. The 
nitrogen sources included in the estimation of direct N2O emissions from managed soils are:

•	 synthetic	N	fertilisers	(FSN)

•	 organic	N	applied	as	fertiliser	(FON)

•	 urine	and	dung	N	deposited	on	pasture,	range	and	paddock	by	grazing	animals	(FPRP)

•	 N	in	crop	residues	(FCR)

•	 N	mineralisation	associated	with	loss	of	soil	organic	matter	resulting	from	change	of	land	use	or	management	
of mineral soils (FSOM), and

•	 drainage/management	of	organic	soils	(i.e.,	Histosols)	(FOS).

For this GHG reporting cycle, N mineralization associated with loss of soil organic matter resulting from change of 
land use or management of mineral soils (FSOM) was not included due to unavailability of data. Furthermore, direct 
N2O emission produced from flooded rice wasn’t estimated because flood rice fields is not present in PNG. 

The total direct N2O emissions from managed soils in the year 2017 was 528.79 kt CO2 eq which is an increase of 
121.17 kt CO2 eq (23 %) when compared to the emission in the year 2000. 



Figure 5-4:  Trend in direct N2O emissions from managed soils from 2000 to 2017 (in kt CO2 eq)

5.3.4.1. Methodological Approach

a. Choice of Method (include assumptions and the rationale for selection)

Direct N2O emissions from soils were calculated at Tier 1 method using the equation 11.1 in chapter 11, 
volume 4 of the 2006 IPCC guidelines.

National Inventory Report 2000 – 2017 66

Equation 11.1:  Direct N2O emissions from managed soils



b. AD (include uncertainties and time-series)

(i) Synthetic fertilizers N applied to soils (FSN)

The activity data used was from FAOSTAT on total 
amount of annual synthetic fertilizers applied since 
there are no country specific data available. 

(ii) Organic N fertilizers (FON)

The activity data used was annual livestock 
manure treated in each manure management 
system that was estimated in 3.A.2 direct N2O from 
manure management and that no other organic 
fertilizers were used. 

(iii) N in crop residues (FCR)

Equation 11.6 in chapter 11, volume 4 of the 2006 
IPCC guidelines was used to estimate annual 
amount of N in crop residues. The crops include 
rice, maze, cassava, potato, sweet potato, taro, 
yam and sugar cane. Fresh yield and harvested 
area data for these crops were taken from FAOSTAT 
because there are no country specific data. 

(iv) Urine and dung N deposited by grazing 
animals on pasture, range and paddock 
(FPRP)

A similar method used for estimating amount of 
annual N excreted from each livestock species 
and treated in each manure management system 
under the manure management sub category 
(3.A.2) was also applied here. The only different 
parameter used was species/category T that is 
managed in manure management system S in 
the country (MS (T, S)) which was for pasture/range/
paddock (MS(PRP)) and was taken from table 10A-4 
for the Oceania region in chapter 10 volume 4 
of the 2006 IPCC guidelines. The same livestock 
data used in livestock category (3.A) was also 
used here. 

c. EF, other Parameters

The default emission factors used were taken from 
table 11.1, chapter 11 volume 4 of the 2006 IPCC 
guidelines.

5.3.4.2. Sub-category-specific Recalculations

For this reporting cycle under crop residues additional 
significant crops grown in PNG were add into the N in 
crop residues (FCR) timeseries estimations which includes 
cassava, potato, sweet potato, taro and yam. 

5.3.4.3. Sub-category-specific planned 
Improvements, if applicable

Planned improvements for this sub category includes 
identifying potential data sources for other sources 
of organic fertilizers (FOS) and N in mineralization 
associated with loss of soil organic matter resulting from 
change of land use or management of mineral soils 
(FSOM). Further improvements involve identifying and 
using country specific data for synthetic N fertilizers and 
crop residues.

Table 5-10:  Default emission factors used to estimate 
managed soils
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5.3.5.      Indirect N2O Emissions from Managed Soils (3.C.5)

In addition to direct emissions of N2O from managed soils that occur through a direct pathway, emissions of N2O 
also take place through two indirect pathways. The first pathway is the volatilization of N as NH3 and oxides of 
N(NOX), and the deposition of these gases and their products NH4

+ and NO3 onto soils and the surface of lakes and 
other waters. The second pathway is the leaching and runoff from land of N from synthetic and organic fertilizers 
additions, crop residues, mineralization of N associated with loss of soil C in mineral and drained/managed organic 
soils through land-use change or management practices, and urine and dung deposition from grazing animals. 

The total indirect N2O emissions from managed soils in 2017 is 70.09 kt CO2 eq, an increase of 29.05 kt CO2 eq (71 
%) when compared with the year 2000. 

Table 5-11:  Indirect N2O emissions from managed soils (kt CO2 eq)

Figure 5-5:  Trend in indirect N2O emissions from managed soils from 2000 to 2017 (in kt CO2 eq)
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Equation 11.10:  N2O from leaching and run/off from managed soils

Equation 11.9:  N2O from atmospheric deposition of N volatilised from managed soils
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5.3.5.1. Methodological approach

a. Choice of method (include assumptions and the rationale for selection)

Tier 1 method was used to estimate indirect N2O from managed soils. Equation 11.9 in chapter 11 volume 4 
of the 2006 IPCC guidelines was used to estimate N2O emissions from atmospheric deposition of N volatilized 
from managed soils. And equation 11.10 in chapter 11 volume 4 of the 2006 IPCC guidelines was used to 
estimate N2O from leaching/runoff from managed soils.



Table 5-12:  Default emission factors and other parameters used

b. AD (include uncertainties and time-series 
consistency)

Activity data is the same as that used in 3.C.4 
direct N2O emission on managed soil.

c. EF, other parameters

The default emission factors used were taken from 
table 11.3 in chapter 11 volume 4 of the 2006 
IPCC guidelines. 

5.3.5.2. Sub-category-specific recalculations

There was no recalculation for this sub-category.

5.3.5.3. Sub-category-specific planned 
improvements, if applicable

Similar improvements for the direct N2O emission from 
managed soils (3.C.4) sub category also applies to this 
sub category.

5.3.6.       Indirect N2O emissions from   
 Manure Management (3.C.6)

Indirect N2O emissions from manure management result 
from volatile nitrogen losses that occur primarily in forms 
of ammonia and NOX. The fraction of excreted organic 
nitrogen that is mineralized to ammonia nitrogen during 
manure collection and storage depends primarily on 
time, and to a lesser degree temperature. Nitrogen 
losses begin at the point of excretion in houses and 
other animal production areas (e.g., milk parlors) and 
continue through on-site management in storage 
and treatment systems (i.e., manure management 
systems).

In 2017 the indirect N2O emissions from manure 
management was 4.26 kt CO2 eq an increase of 0.66 
kt CO2 eq (18 %) when compared with year 2000. 

Table 5-13:  Indirect N2O emissions from manure management (kt CO2 eq)

Figure 5-6:  Trend in N2O emissions from manure management from 2000 to 2017 (kt CO2 eq)
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5.3.6.1. Methodological Approach

a. Choice of Method (include assumptions and rationale for selection)

Tier 1 method was used to estimate indirect N2O from manure management. Equation 10.26 and 10.27 in 
chapter 10 volume 4 of the 2006 IPCC guidelines was used to estimate indirect N2O emissions from manure 
management.
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Equation 10.26:  N losses due to volatilisation from manure management

b. AD (include uncertainties and time-series consistency)

The same activity data used to estimate direct N2O from manure management (3.A.2) sub category was also 
used for this sub category.

c. EF, Other Parameters

The default emission factor EF4 (0.01 kg N2O-N (kg N-1)) was taken from table 11.3 chapter 11, volume 4 of the 
2006 IPCC guideline to be used for this sub category. While FracGasMS values were taken from table 10.22 
chapter 11, volume 4 of the 2006 IPCC guideline.

5.3.6.2. Sub-category-specific Recalculations

There was no recalculation done for this sub-category 

5.3.6.3. Sub-category-specific Planned Improvements, if applicable

Similar improvements for the manure managed (3.A.2.) sub category also applies to this sub category

5.3.7.      Rice Cultivation (3.C.7)

Emissions from rice cultivation were not included for this BUR2. This is because from the BUR1 it was considered zero 
because experts stated that, in general, rice fields in the country are not flooded or are cultivated in uplands. 



Land Use, Land-Use 
Change and Forestry 

(LULUCF)

Chapter

6
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6.1. Overview of Sector 

This chapter contains the GHG inventory for Land use, land use change and forestry (LULUCF). This includes the 
reporting of GHG emissions by sources and removals by sinks in this sector. LULUCF is an important sector. In Papua 
New Guinea, Forestry is one of the major sectors, making a significant contribution to the national economy 
and formal employment. It also plays an important role in addressing climate change through mitigation and 
adaptation measures and actions. Accurate information on the status of this sector is therefore essential. Although 
the country emits less than 0.1% of the world’s total GHG emissions, it is serious about reducing global GHG 
emissions (CCDA, 2018). 

LULUCF has been one of the most significant sector in PNG with both the highest emissions among all sectors, and 
the only sector with removal. Historically the sector acted as a sink, it has however evolved into a smaller sink over 
time due to the decrease in forest lands over time and has become a sink again (CCDA, 2018). LULUCF sector 
contains the emissions and removals from carbon stock changes due to land use and forest management. The 
land use sub-categories estimated are forest land (3.B.1), cropland (3.B.2), grassland (3.B.3), and settlement (3.B.5). 
Non-CO2 emissions from biomass burning in forest land only (3.C.1.a) are included under this sector.  Wetland 
(3.B.4) and other land (3.B.6) are not estimated because of no land use change and are classified as unmanaged. 
The net removals from the LULUCF sector amounted to -12 724.94 kt CO2 eq in 2017 compared to -20 488.12 kt 
CO2 eq in 2000. This come back is after it reached 5,617.42 kt CO2 eq in 2015. Table 6.1 shows the summary of 
emissions and removals in the LULUCF Sector, and Figure 6-1 shows the emissions and removals trend from the 
LULUCF sector for the years 2000 - 2017.

Table 6-1:  LULUCF GHG emissions and removals summary

Figure 6-1:  Emissions and removals trend from the LULUCF sector from 2000 to 2017 (in kt CO2 eq)
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The table below shows the LULUCF table of completeness.

Table 6-2:  Table of completeness for LULUCF

Table 6-3:  PNG Collect Earth 2020 assessment land use classification system

6.2. Land-Use Definitions and the Classification Systems used and their 
Correspondence to the LULUCF Categories

PNG stratified the land according to the six IPCC Land use categories for preparing the land representation. Forest 
land and cropland were further disaggregated into subcategories, see Table 6-3. The Collect Earth survey was 
customized so that activity data were classified by their carbon stocks in function of the ecological characteristics 
and agricultural land uses. IPCC ecological zones, i.e., tropical wet, tropical moist, dry and montane forests, 
were used as forest strata to which also mangroves and plantations were added. Except for plantations, all strata 
were sub-categorized into primary and degraded/logged forest types. The difference between primary forest and 
degraded forest was made based on visual interpretation in Collect Earth1. For croplands, subcategories are oil 
palm, coconut, cocoa, tea, and coffee, shifting cultivation and permanent crop systems.

The distinction between managed and unmanaged lands has not been carried out yet and it is assumed that 
all land areas in PNG are managed. However, primary forests are assumed under very little human disturbances. 
Therefore, it is assumed that primary forests are in equilibrium, and it also assumed that their net removals are close 
to zero.

1. Use of high-resolution imagery, ab Bing Maps and with combination of use of the Google Earth Engine platform looking at Landsat 7 and 8 for 
change detection
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The increasing trend from 2000 to 2015 is due to increasing rate in deforestation and degradation. The increase 
in emissions in 2015 is also caused by increased area of forest fire. The descend of net emissions from the year 
2016 to 2017 represented by LULUCF sector total in the graph has decreased due to decrease in deforestation 
and forest degradation areas.



Forest land 

PNG’s definition of forest is derived from the definition approved by the National Executive Council (NEC) in 2014 
and is, “land spanning more than 1 hectare, with trees higher than 3 meters and the canopy cover of more than 
10 percent” (Papua New Guinea Forest Authority, 2019). Forest land is further stratified based on ecological zones 
and elevation into thirteen (13) distinct forest types. Together with forest plantations, there are fourteen (14).  The 14 
forest types were combined according to similar ecological zones into only six forest types. The table below shows 
the 14 forest types and the combined forest into their ecological zones.

Table 6-4:  Fourteen forest types combined into ecological zone

The above forest land classification into subdivisions is based on natural vegetation types and manmade 
plantations. Vegetation types are based on the structural formation and described in the Papua New Guinea 
Resource Information System (PNGRIS) (Hammermaster and Saunders 1995). 

Cropland 

This category includes cropped land, including rice fields, and agro-forestry systems where the vegetation structure 
falls below the thresholds used for the Forest Land category (IPCC, 2006).

Grassland 

This category includes rangelands and pastureland that are not considered Cropland. It also includes systems with 
woody vegetation and other non-grass vegetation such as herbs and brushes that fall below the threshold values 
used in the Forest Land category. The category also includes all grassland from wild lands to recreational areas as 
well as agricultural and silvi-pastural systems, consistent with national definitions (IPCC, 2006).

Land use conversions 

According to the Collect Earth 2020 assessment, PNG identified the following: 

- Deforestation: is the conversion from forest land to any non-forest land Primary deforestation is the 
conversion of primary forest. Secondary deforestation is the conversion of degraded forest. This process 
entails activities that convert the natural and disturbed forest to non-forest land.

- Forest degradation: is the conversion from primary forest to disturbed forest. This process is identified within 
forest remaining forest areas. 
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6.3. Information on Approaches used for Representing Land Areas and 
on Land-Use Databases used for the Inventory Preparation 

The results generated from Collect Earth are set of annual land use change matrices between 2000 and 2017. High 
resolution imageries before 2000 are limited and therefore an approach 1 was applied for land representation. 
Nevertheless, annual land area changes like approach 2 have been used to estimate immediate loss due to forest 
land conversion and forest degradation. The tables containing approach 1 and 2 are found in the Appendix IV. The 
land use matrix has also been included in the Appendix.

6.4. Forest Land (3.B.1)

This sub-section reports emissions and removals due to changes in biomass, dead organic matter and soil organic 
carbon on forest land.  It also captures the methods that were used to estimate emissions and removals from forest 
land. The forest land category consists forest land remaining forest land (3.B.1.a) and land converted to forest land 
(3.B.1.b). However, estimation of emissions and removals for land converted to forestland (3.B.1.b) were not made, 
because no such land use change occurred from the assessment for the reporting years. 

The total removals from the forest land category in 2017 were -23,617.38 kt CO2. The total removals decreased 
between 2000 to 2011 then increased again between 2012 to 2017. Table below shows emissions and removals 
for the forestland category. 

Table 6-5:  Emissions and removals from forestland (3.B.1)

NA: Not Applicable (No emissions/no removals occurred) NE: Not Estimated

6.4.1.      Forest Land Remaining Forest land (3.B.1.a)

6.4.1.1. Category Description (e.g. characteristics of sources) 

This sub-section reports GHG emissions and removals from forests in PNG that are classified under forest land 
remaining forest land. According to the 2006 IPCC Guidelines, GHGi for Forest Land Remaining Forest Land (FF) 
involves estimation of changes in carbon stock from five carbon pools (i.e., above-ground biomass, below-ground 
biomass, dead wood, litter, and soil organic matter), as well as emissions of non-CO2 gases (Aalde, Gonzalez, 
Gytarsky, Krug, Kurz, Ogle, et al., 2006). PNG has covered three of the five carbon pools. They are living biomass 
(above and below ground biomass) and soil organic matter in organic soils. Other carbon pools not applicable 
are dead organic matter and mineral soils. According to the 2006 IPCC Guideline, it is not necessary to compute 
the carbon stock changes on these pools under Tier 1 method (Aalde, Gonzalez, Gytarsky, Krug, Kurz, Ogle, et 
al., 2006). PNG used annual land area changes like approach 2 to estimate immediate loss due to forest land 
conversion and forest degradation. Therefore, the estimations of emissions and removals in dead organic matter 
and mineral soils were not applicable. 

GHG sink in this category is from regrowth in secondary forest area before the year 2000 and sources are from 
annual degraded forest land during the inventory years. Annual gain is from carbon stock change in biomass due 
to anthropogenic activities. These include secondary forest area prior to 2000 are considered managed forest 
area. For this inventory, primary forest area, although are under some form of management practices, it is given 
growth rate value of zero with no carbon stock change. As for this secondary forest, the value of growth rate of forest 
types over 20 years was assigned to them. The average annual ABG growth is form IPCC 2006, Table 4.9, PNGFRL, 
Wetland Supplement 2013 (mangrove) and average for the plantation forest type. 
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6.4.1.2. Methodological Issues

a. Choice of Method (include assumptions and the rationale for selection) 

The two methods are recommended by the 2006 IPCC Guidelines to estimate the GHG emissions from forest 
land remaining forest land are the gain-loss method and the stock-difference method. Gain from this sub 
category is from secondary forest before 2000 considered under managed forest and loss from conversion 
of primary forest to secondary forest. The equation used for  Gain-Loss Method is equation 2.7 in chapter 
2, volume 4 and the equation for stock-difference method is a modified version2 Stock-Difference Method 
which estimates the difference in total biomass carbon stock at time t2 and time t1 is equation 2.8 in chapter 
2, volume 4 (Aalde, Gonzalez, Gytarsky, Krug, Kurz, Ogle, et al., 2006). 

Loss in annual carbon stock in biomass is due to conversion of primary forest to secondary forest. Removals 
are decreasing since these are applied to the area of degraded forest directly taken from collect earth 
assessment before year 2000. This conversion to disturbed forest includes loss of carbon from wood removals 
due to harvesting, loss of carbon from fuelwood removals and loss of carbon from disturbance. Organic soil 
in this category is also accounted for in the estimation. 

Given below is Equation 2.7, used for estimating annual change in carbon stocks in biomass in land remaining 
in a particular land-use category (gain-loss method) (Klein et al., 2006).

2. Similar to Stock-Difference Method

Equation 2.9:  Annual increase in biomass carbon stocks due to biomass increment 
in land remaining in the same land-use category.

Equation 2.7:  Annual change in carbon stocks in biomass in land remaining in a particular land-
use category (gain-loss method).

National Inventory Report 2000 – 2017 77



Equation 2.15: Annual change in biomass carbon stocks on land converted to other land-
use category (tier 2).

Equation 2.16:  Initial Change in biomass carbon stocks on land converted to another Land 
Category

b. AD (include uncertainties and time-series consistency)

Activity data for forest land remaining forest land were taken from the land use and land use change 
assessment (Collect Earth exercise) conducted by the Papua New Guinea Forest Authority (same as REDD+ 
Technical Annex). PNGFA is the government agency responsible for the management of the country’s forest 
resources and different activities that takes place in the forestry sector. The same activity data used for PNG’s 
BUR13 was used with updates for 2016 and 2017.

3. https://unfccc.int/documents/194974
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Table 6-6:  Activity data used the estimation of annual increase in carbon stocks in biomass due to growth on forest land remaining forestland (CGAIN)

Table 6-7:  Activity data used for the estimation of Initial Change in biomass carbon stocks on primary forest converted to degraded forest (CCONVERSION)

For organic soils only, the current updated activity data does not provide data on organic soil. There has not 
been any major change in the time series from the first inventory. Therefore, the same activity data for the year 
2015 was extrapolated to 2016 and 2017.

c. EF, other Parameters 

Emission factors used in this GHG inventory were a mixture of tier 1 and tier 2. Most default emission factors 
used in for the estimations in this sub-category were taken from the 2006 IPCC Guidelines. Some tier 2 emission 
factors used were developed locally were sourced from literature reviews.  The country used approach 1 and 
2 for this category, for Annual change in carbon stock in biomass (gain) approach 1 was used while for losses 
due to conversion degradation, approach 2 was assumed to be used because time series and land use 
change was captured in estimation. 
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Although gain and loss method were mostly used for this category, a modified version of stock difference was 
used for losses due to conversion disturbance. Biomass carbon stock after conversion of the different forest types is 
subtracted from Biomass carbon stock before conversion (Forest types: Primary/degraded Tropical Forest, Primary/
degraded Tropical dry forest, Primary/degraded Tropical shrubland, Primary/degraded Tropical mountain forest, 
Primary/degraded Mangrove and Plantations.). Table 6-8 shows the average annual growth rates by forest types.

Table 6-8:  Average annual growth rates by forest types

Table 6-9:  Average annual above ground biomass and ratio of below and above ground biomass

4. Primary forest are mostly undisturbed, and therefore a growth rate of zero (0) has been applied. 
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6.4.1.3. Sub-category-specific Recalculations, if applicable

No recalculations have been made. The same data sources and emission factors from the BUR1 have been used 
to expand on 2016 and 2017. 

6.4.1.4. Sub-category-specific Planned Improvements, if applicable

- increasing the sampling intensity in Collect Earth to allow improved accuracy in forest remaining 
forest (FF) category

- Using Planet Labs high-resolution imagery to re-assess all Collect Earth sampling plots that faced a 
land use conversion and, also those that are categorized as FF (with or without a forest disturbance) 

- Assessment of natural forest disturbances

6.4.2.      Land Converted to Forest land (3.B.1.b)

There is no land area conversion to forest land according to Collect Earth Assessment (activity data). As such, no 
emissions or removals estimates were done.
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Table 6-10:  Emissions and removals from Cropland (3.B.2)

NA: Not Applicable, NE: Not estimated, IE: Included elsewhere
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6.5.1.      Cropland remaining Cropland (3.B.2.a) 

6.5.1.1. Sub-category Description (e.g. characteristics of sources)

This sub-section reports on greenhouse gas inventory for croplands in PNG that have not undergone any land use 
conversion for a period of at least 20 years as a default period. According to the 2006 IPCC Guideline, estimation of 
annual greenhouse gas emissions and removals from Cropland remaining Cropland includes the following (Lasco 
et al., 2006):

•	 Estimates	of	annual	change	in	carbon	stocks	from	all	carbon	pools	and	sources:

 Biomass (above-ground and below-ground biomass),

 Organic Soils

The changes in carbon stocks in Cropland Remaining Cropland are estimated using Equation 2.3 (Aalde, Gonzalez, 
Gytarsky, Krug, Kurz, Lasco, et al., 2006). 

Emission and removal from Oil Palm, Cocoa and Coconut are estimated as perennial crop, these are the major 
crops which are responsible for deforestation due to commercial agriculture. Permanent and shirting farming is not 
estimated because it is mainly annual crop. Pools included are biomass and annual change in carbon stocks in 
organic soils. Others are not estimated due to lack of data (emission factors). The table below shows the estimation 
of carbon stock changes in living biomass.

6.5. Cropland (3.B.2)

This sub-section reports emissions and removals due to changes in biomass, dead organic matter and soil organic 
carbon on cropland. It also captures the methods that were used to estimate emissions and removals from 
crop land. The crop land category consists crop land remaining crop land (3.B.2.a) and land converted to crop 
land (3.B.2.b).According to the 2006 IPCC Guidelines, cropland includes arable and tillable land, rice fields, and 
agroforestry systems where the vegetation structure falls below the thresholds used for the Forest Land category, 
and is not expected to exceed those thresholds at a later time. Globally, almost 20 percent of global cropland is 
suitable for water harvesting and conservation strategies, with hotspots in large parts of Eastern Africa and South-
eastern Asia (FAO, 2020). In PNG, majority of the people family agriculture which is one of the main causes of 
deforestation.

According to the 2006 IPCC Guidelines, cropland includes all annual and perennial crops as well as temporary 
fallow land (i.e., land set at rest for one or several years before being cultivated again). Annual crops include 
cereals, oils seeds, vegetables, root crops and forages. Perennial crops include trees and shrubs, in combination 
with herbaceous crops (e.g., agroforestry) or as orchards, vineyards and plantations such as cocoa, coffee, tea, 
oil palm, coconut, rubber trees, and bananas, except where these lands meet the criteria for categorisation as 
Forest Land (Lasco et al., 2006). For PNG, there are two categories; permanent and shifting (part of it is forest land). 
Estimation of annual crops was considered to be at equilibrium. Under perennial, the crops that come under it, and 
their emissions estimated, are cocoa, coconut, and oil palm. 

The total emissions from crop land in 2017 were 9,397.82 kt CO2 which is an increase of 3,510.92 kt CO2 (59.63 %) 
when compared to the year 2000.  Land converted to crop land sub category contributed 90 % the total emissions 
in 2017. The table below shows the emissions and removals from cropland. 



Table 6-11:  Estimation of carbon stock changes in living biomass (in t CO2)

6.5.1.2. Methodological Issues

a. Choice of Method (include assumptions and the rationale for selection) 

According	to	2006	IPCC	Guidelines,	changes	in	carbon	in	cropland	biomass	(ΔCCCB)	may	be	estimated	from	
either: (a) annual rates of biomass gain and loss (Chapter 2, Equation 2.7) or (b) carbon stocks at two points in 
time (Chapter 2, Equation 2.8). The first approach (gain-loss method) provides the default Tier 1 method and 
can also be used at Tier 2 or 3 with refinements. The second approach (the stock-difference method) applies 
either at Tier 2 or Tier 3, but not Tier 1 (Lasco et al., 2006).

Papua New Guinea used the gain-loss method (default tier 1 method) to estimate the emissions and removals 
for this sub-category. Given below is Equation 2.7, used for estimating annual change in carbon stocks in 
biomass in land remaining in a particular land-use category  - gain-loss method (Klein et al., 2006):

To estimate the emissions for annual change in carbon stocks in organic soils, Equation 2.26 was used.
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Equation 2.7:  Annual change in carbon stocks in biomass in land remaining in a particular land-use 
category (Gain-Loss Method).



Equation 2.26:  annual carbon loss from drained organic soils (CO2).

b. AD (include uncertainties and time-series consistency)

Activity data for cropland remaining crop land were taken from the land use and land use change assessment 
(Collect Earth exercise) conducted by the Papua New Guinea Forest Authority 

c. EF, Other Parameters

Emission factors used in this GHG inventory were a mixture of Tier 1 and Tier 2. Most default emission factors 
used for the estimations in this sub-category were taken from the 2006 IPCC Guidelines. Some Tier 2 emission 
factors used were from literature review. 

The gains are from perennial crop areas of oil Palm multiply by the mean annual increment of oil palm. Losses 
are from harvested area. The harvested areas are assumed by 1/20 of the total area of the previous year 
in order to reflect the area changes of this perennial crop. It is a gain and loss method because the area 
of Oil Palm subtracts by area loss due to harvested area. Similar cases are applied to cocoa and coconut. 
Carbon pools included in this category include living biomass and organic carbon.  The table below shows 
the Emission factor for this category.

Table 6-12:  Emission factors used for estimating emissions for Cropland

Meaning of Stars(*) in the Table, refer below5.

6.5.1.3. Sub-category-specific Recalculations, if applicable

No recalculations have been made for this sub-category. The updated activity data from the same data sources 
and emission factors have been used to expand on 2016 and 2017. 

For organic soil although it was estimated in PNG first BUR, the result was not reported due to human error. For the 
current inventory, the time series for cropland is reported. Thus, change is included in the results. As for the activity 
data for the year 2016 and 2017, the same activity data for the year 2015 was extrapolated here because there 
were insignificant differences in the area of organic soil according to the first BUR report. 

5. *  This value is assumed to be consistent with the product of annual increment ratio and maturity cycle
 * This value is assumed by the annual increment figures
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6.5.1.4  Sub-category-specific Planned Improvements, if applicable (e.g. methodologies, AD,EF,etc.)

- Increasing the sampling intensity in Collect Earth to allow improved accuracy in cropland remaining 
cropland (CC) category.

- Collecting country specific activity data for carbon stock change due to losses in CL-CL sub category 
and in organic soil.

- Using Planet Labs high-resolution imagery to re-check all Collect Earth sampling plots that faced a land 
use conversion to cropland or vise-versa. 

- Improve coordination and participation with Department of Agriculture and Livestock and with National 
Agriculture Research Institute (NARI) for/in subnational surveys.

6.5.2.      Land Converted to Cropland (3.B.2.b)

6.5.2.1. Sub-category Description (e.g. characteristics of sources) 

This sub-section reports on the methodology that was used to estimate emissions and removals from lands that 
have been converted to croplands. According to the 2006 IPCC Guidelines, conversion to Cropland is a leading 
land-use change following tropical deforestation. It further states that greenhouse gas emissions and removals 
from Land Converted to Cropland can be a key source for many countries (Lasco et al., 2006). Emission for LULUCF 
sector is mainly from this category mainly through conversion of forest land. Under this category annual change in 
carbon stocks in biomass before conversion which is mainly primary and secondary forest is lost due to removal of 
forest cover. Gain is from biomass after conversion where the land area is assumed to be totally cleared with the 
value of zero. Carbon loss is from Biomass carbon stock before conversion where major loss is occurring. Carbon 
pools accounted for in this category include:

 Biomass, and 

 Dead Organic Matter.

6.5.2.2. Methodological Issues

a. Choice of Method (include assumptions and the rationale for selection) 

This sub-section provides report on greenhouse gas inventory calculations for carbon stock change in biomass 
due to the conversion of land from natural conditions and other uses to Cropland, including deforestation and 
conversion of pasture and grazing lands to Cropland. Under Land converted to Cropland, emissions under the 
following categories were calculated:

•	 Biomass

•	 Dead	Organic	Matter	

The above two carbon pools were calculated using Equation 2.16 and 2.23 from the 2006 IPCC Guidelines 
(Pingoud et al., 2006).

 Equation for estimating biomass
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Equation 2.16:  Initial Change in biomass carbon stocks on land converted to 
another Land Category



 Equation for estimating dead organic matter.

Equation 2.23:  Annual change in carbon stocks in dead organic matter due to land conversion

b. AD (include uncertainties and time-series consistency)

Activity data for land converted to cropland were taken from the Collect Earth assessment conducted by the 
Papua New Guinea Forest Authority (refer Technical Annex of this report for methodology details). According to 
the assessment, land use change occurred mostly on forestland converted to cropland. Other land use types 
converted to cropland were insignificant. 

c. EF, Other Parameters 

Since the only conversion from land to cropland is from forestland, the same carbon losses emission factors 
from forestland were used for the estimations in this sub-category (refer to Table xx for the emission factors). 
Biomass carbon stock after forestland is converted to cropland is assumed to be zero when land is totally 
cleared. The assumption is due to the lack of defining agriculture management practises to generate activity 
data from carbon stock change.  For the biomass in this sub-category, carbon fraction of dry matter, tonne C 
(tonnes d.m.)-1 of 0.47 from 2006 IPCC GL was used. 
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Table 6-13:  Biomass carbon stock before conversion

 EF for dead organic matter

6. Some of average above ground biomass and average annual below ground biomass.
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6.5.2.3. Sub-category-specific Recalculations, if applicable

No recalculations have been made. The same data sources and emission factors have been used to expand on 
2016 and 2017. 

6.5.2.4. Sub-category-specific Planned Improvements, if applicable (e.g. methodologies, AD, EF, etc.)

- Increasing the sampling intensity in Collect Earth to allow improved accuracy in forest converted to 
cropland (FC) category.

- Define management practice for cropland to generate activity data for carbon stock change in organic 
soils and mineral soils.

- Verifying cropland area by sub-category with ground surveying.

- Using Planet Labs high-resolution imagery to re-assess all Collect Earth sampling plots that faced a land 
use conversion and, also those that are categorized as FC (with or without a forest disturbance). 

6.6. Grassland (3.B.3)  

This sub-section reports methods for estimating greenhouse gas emissions and removals due to grassland remaining 
grassland and changes from land converted to grassland. According to the 2006 IPCC Guidelines, grasslands 
cover about one-quarter of the earth’s land surface and span a range of climate conditions from arid to humid. 
Grasslands vary greatly in their degree and intensity of management, from extensively managed rangelands and 
savannahs – where animal stocking rates and fire regimes are the main management variables – to intensively 
managed (e.g., with fertilization, irrigation, species changes) continuous pasture and hay land. Grasslands generally 
have vegetation dominated by perennial grasses, and grazing is the predominant land use (Verchot et al., 2006). 
In PNG, grassland is considered insignificant. This is due to no management practices. It is one of the smallest GHG 
emitting categories. The only carbon pool estimated in this category is organic soils under the grassland remaining 
grassland. The table below shows the emissions and removals from grassland.

Table 6-14:  Emissions and removals from Grassland (3.B.3)

NA: Not Applicable, NE: Not estimated

6.6.1.      Grassland Remaining Grassland (3.B.3.a)

6.6.1.1. Sub-category Description (e.g. characteristics of sources) 

According to the 2006 IPCC Guidelines, grassland remaining grassland includes managed pastures which have 
always been under grassland vegetation and pasture use or other land categories converted to grassland more 
than 20 years ago. Constructing a greenhouse gas inventory for the land-use category Grassland Remaining 
Grassland (GG) involves estimation of changes in carbon stock from five carbon pools (i.e., above-ground biomass, 
below-ground biomass, dead wood, litter, and soil organic matter), as well as emissions of non-CO2 gases. The 
principal sources of emissions and removals of greenhouse gases in this category are associated with grassland 
management and changes in management (Verchot et al., 2006).  For PNG, only one (organic soils) of the five 
carbon pools in this sub-category was estimated.  Above and below ground biomass, dead organic matter, and 
mineral soils are all not estimated because there is no grassland under management practices. 
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6.6.1.2. Methodological Issues

a. Choice of Method (include assumptions and the rationale for selection) 

Carbon emissions and removals for grassland remaining grassland are based on estimating the effects of 
changes in management practices on carbon stocks. For this category only annual change in carbon stock 
in organic soil was estimated, other pools are not estimated due to insignificant managed grassland area in 
the country.

The change in carbon stocks in grassland remaining grassland is estimated using Equation 2.26 in Chapter 2 
of the 2006 IPCC Guidelines (Pingoud et al., 2006). Given below is Equation 2.26, used for estimating annual 
change in carbon stocks in grassland remaining grassland.

b. AD (include uncertainties and time-series consistency)

Activity data for grassland remaining grass land were taken from the land use and land use change assessment 
(Collect Earth exercise) conducted by the Papua New Guinea Forest Authority (refer Technical Annex of this 
report for methodology details).

c. EF, Other Parameters

Emission factors used in this sub-category were Tier 1 (default emission factors) taken from the 2006 IPCC 
Guidelines (Volume 4, Ch 6, Table 6.3).

6.6.1.3. Sub-category-specific Recalculations, if applicable

No recalculations have been made. The same data sources and emission factors have been used to expand on 
2016 and 2017. As for the activity data for the year 2016 and 2017, the same activity data for the year 2015 was 
extrapolated here because there were insignificant difference in the area of organic soil according to the first BUR 
report.

6.6.1.4. Sub-category-specific Planned Improvements, if applicable (e.g. methodologies, AD, EF, etc.)

- increasing the sampling intensity in Collect Earth to allow improved accuracy in grassland remaining 
grassland (GG) category.

- Improving carbon stock for woody and herbaceous biomass

- Define management practices for grassland

- Using Planet Labs high-resolution imagery to re-check all Collect Earth sampling plots that faced a land 
use conversion and, also those that are categorized as GG.

6.6.2.      Land Converted to Grassland (3.B.3.b)

There is no land use change from land to grassland. This shows that there was no area conversion to grass land 
according to the land use matrix since 2000.
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Equation 2.26:  Annual Carbon Loss from drained organic soils (CO2)



Table 6-15:  Emissions and removals from Settlements (3.B.5)
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6.8.1.      Settlements Remaining Settlements (3.B.5.a)

Tier 1 assumes that no carbon stock change occurred in C pools in settlements remaining settlements. It is assumed 
that there are no managed organic soils in settlements. 

6.8.2.      Land Converted to Settlement (3.B.5.b)

Conversion of Forest Land, Cropland, Grassland etc. to Settlements, leads to emissions and removals of greenhouse 
gases. Methods for estimating change in carbon stocks associated with land-use conversions are explained in 
Chapters 2, 4, 5 and 6 of volume 4 (IPCC, 2006). 

In terms of estimations for land converted to settlement, estimation in two carbon pools were estimated. These two 
pools are living biomass and dead organic matter (DOM). Mineral soils and organic soils are not considered due to 
non-availability of data. These will be reported once sufficient data is available with the use of higher tier. Equation 
2.15 and Equation 2.16 (for biomass), and Equation 2.23 (for DOM) from the 2006 IPCC Guidelines were used in 
the estimations from the above two pools.

6.8.2.1. Sub-category Description

Conversion of Forest Land, Cropland, Grassland etc. to Settlements, leads to emissions and removals of greenhouse 
gases. Methods for estimating change in carbon stocks associated with land-use conversions are explained in 
Chapters 2, 4, 5 and 6 of volume 4 (IPCC, 2006). In terms of estimations for land converted to settlement, estimation 
in two carbon pools were estimated. These two pools are living biomass and dead organic matter (DOM). Mineral 
soils and organic soils are not considered due to non-availability of data. These will be reported once sufficient 
data is available with the use of higher tier. Equation 2.15 and Equation 2.16 (for biomass), and Equation 2.23 (for 
DOM) from the 2006 IPCC Guidelines were used in the estimations from the above two pools.

6.7. Wetland (3.B.4) 

6.7.1.      Wetland Remaining Wetland (3.B.4.a)

It is assumed that there is no carbon stock change (CSC) in wetlands remaining wetlands

6.7.2.      Land Converted to Wetland (3.B.4.b)

There were no land use change from other land use to wetlands. 

6.8. Settlement (3.B.5)

This sub-section reports method for estimating carbon stock changes and greenhouse gas emissions and removals 
associated with changes in biomass and dead organic matter (DOM) on lands converted to settlements. The 
settlement category consists of settlement remaining settlement (3.B.5.a) and land converted to settlement 
(3.B.5.b). However, emission and removals estimates were made only in the land converted to settlement (3.B.5.b) 
sub-category. Carbon pools estimated were living biomass and dead organic matter. 

The total emissions in 2017 for the settlement category was 1,058.52 kt CO2. The table below shows the emissions 
and removals from settlements.



6.8.2.2. Methodological Issues

a. Choice of Method (including assumptions and the rationale for selection)

The general methodology for biomass carbon stock change in Settlements Remaining Settlements follows 
the approach in Equation 2.15 Chapter 2. This methodology estimates the annual change in carbon stocks 
in biomass on land converted to settlement category. According to the 2006 IPCC Guideline, the average 
annual changes in biomass carbon stocks in settlements may be positive or negative depending on the 
relative magnitudes of the increment and loss terms. Given below is equation 

Table 6-16:  Emission factors used for the estimation of living biomass

•	 EF	for	dead	organic	matter

Most of the changes in carbon stocks associated with dead organic matter is associated with changes in tree 
cover in settlements. Methods are provided here are for two types of DOM pools: 1) dead wood and 2) litter. The 
emission factors used for the estimation of dead organic matter are given in the table below.

National Inventory Report 2000 – 2017 92

Equation 2.15: Annual change in biomass carbon stocks on land converted to other land-use 
category (tier 2).



Table 6-17:  Emission factors for dead organic matter

Table 6-18:  Emissions from Biomass burning in forest lands (3.C.1.a)

6.11.1.1. Methodological Issues

a. Choice of Method (include assumptions and the rationale for selection)

A tier 1 method was chosen method for estimation of emissions from this category. Given below is the 
methodology used in the estimation of GHGs from fire. 
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6.8.2.3. Sub-category-specific Recalculations

No recalculations have been made for land converted to settlement. The same data sources and emission factors 
used in BUR1 (2000 – 2015) have been used to expand on 2016 and 2017. 

6.8.2.4. Sub-category-specific Planned Improvements, if applicable

- Improve carbon stock values from national forest inventory
- Spatial explicit data to track forest to settlement
- Urban biomass waste

6.9. Other Lands (3.B.6)

No calculations were required because there was no land conversion to other land

6.10. Harvested Wood Products (3.D.1)

Emissions from harvested wood products are considered zero, since instantaneous oxidation is assumed during 
the time primary forest is converted to degraded forest. For HWP instantaneous oxidation (IPCC default approach is 
applied), the countries major long logs are exported and very few to no logs are processed on shore. In the future 
when the policy on onshore processing of logs become effective, HWP emissions/removals will be included.

6.11. Biomass Burning in forest lands (3.C.1.a)

6.11.1.     Category Description

According to the 2006 IPCC Guidelines, Fire is treated as a disturbance that affects not only the biomass (in 
particular, above-ground), but also the dead organic matter (litter and dead wood). The term `biomass burning` is 
widely used and is retained in these Guidelines, but acknowledging that fuel components other than live biomass 
are often very significant, especially in forest systems. PNG reported emissions from biomass burning from the 
forestland and grassland in this category. Table below shows the emission results for biomass burning in forest lands.



Equation 2.27:  Estimation of greenhouse gas emissions from fire

b. AD (include uncertainties and time-series consistency)

PNG used activity data on biomass burning from FAOSAT. In the current years, since PNG submitted its first BUR 
in 2018, FAOSAT has update its activity data on forest fire so the current update in the database will influence 
the result from the previous inventory. For non-CO2 gases, only CH4 and N2O were estimated

c. EF, other Parameters

The emission factors used for the estimation of living biomass are given in the table below.

Table 6-19:  Emission factors for living biomass

6.11.1.2. Sub-category-specific recalculations

Recalculations made for biomass burning because there were updated activity data from data source (FAOSTAT). 

6.11.1.3. Sub-category-specific planned Improvements

- Use fire data base on hot spot areas
- No country specific data available 
- Improving country specific activity data
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Waste Sector

Chapter

7
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Table 7-1:  Summary for methods and emission factors used on waste sector
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7.1. Overview of Sector

7.1.1. Overview of the Waste Management and Estimation Category

The waste sector covers GHG emissions from treatment and disposal of waste, which are estimated for solid 
waste disposal (4.A.), biological treatment of solid waste (4.B.), incineration and open burning of waste (4.C.), and 
wastewater treatment and discharge (4.D.) in accordance with treatment processes suggested in the 2006 IPCC 
Guidelines. 

Waste management in PNG remains a poorly managed sector with much improvement needed in the short 
and long term. The data of waste generation and/or treatment amount are hardly available for most of the case 
in PNG. Thus, the many estimates are linked to the population data. PNG employs Tier 1 methodologies and 
default emission factors in the 2006 IPCC Guidelines for most of the GHG emission estimates in the Waste sector. 
When limited activity data were available, emission estimates were carried out based on assumptions and expert 
judgement.

PNG generally employs default methodologies and emission factors in GHG emission estimations on the waste 
sector. Given the paucity of data, emissions estimate from the waste sector in PNG comprised of CH4 emissions 
from solid waste disposal sites, CH4 and N2O emissions from biological treatment of solid waste, and CH4 and N2O 
emissions from wastewater treatment. Emissions from incineration and open burning of waste are only reported for 
MSW. For details, see articles “Methodological Issues” in each category’s section.



7.1.2. Emission Summary of the Sector

In 2017, emissions from the Waste sector resulted in 1,006 kt CO2 eq and accounted for 9% of PNG’s total greenhouse 
gas emissions (excluding LULUCF).  The emissions of the waste sector have increased in the whole time series (2000-
2017) as seen in figure 7-1. The increase is influenced by population growth, development, consumption rate and 
rural-to-urban drift.  Breakdown of 2017 emissions of the Waste sector by category shows that wastewater treatment 
and discharge (4.D.) contributed 67 % to total sector emissions in 2017, followed by solid waste disposal (4.A.) (27 
%), incineration and Open Burning (4.C.) (6 %) and biological treatment of solid waste (4.B.) (1 %). The contribution 
of CO2, CH4 and N2O for the total sector emissions are 3.5, 79.1 and 17.4 % respectively.

Figure 7-1:  GHG emissions from the waste sector from 2000 to 2017 (kt CO2 eq)

7.1.3. Amount of Waste Generation and Treatment

7.1.3.1.  Generation of Municipal Solid Waste

Most solid waste from households and commercial sites within the 22 towns/cites in PNG are disposed in aggregate 
quantities at open air dump sites located at the periphery of the town/ city through a road side pickup system. 
In PNG, basically all solid waste are collected together without segregation at source and only scrap metal is 
recycled.

Information on amount of waste generation in PNG is very limited and no country-specific time series data for 
waste generation is available. One survey implemented in Port Moresby for the year 2014 by NCDC shows the data 
of waste generation ration as 0.38 kg waste generated per person per day. Therefore, time series of municipal solid 
waste (MSW) generation amount is assumed by using population as a driver.  

In this estimation, big cities (National Capital District, Western Highlands, Jiwaka and Morobe) and small cities/town 
in PNG are separately estimated as the generate waste and its waste treatment types are considered different 
between urban area and rural area.  The two expert judgements are applied in construction of time series of waste 
generation amount: (1) amount of waste generation per person per day in 1980 was assumed as a half of that in 
2014 for Port Moresby and (2) rural area generate 0.7 times of waste person per day than that of big cities.
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Table 7-2:  Data used for MSW generation

Table 7-3:  MSW composition data

Table 7-4:  Share of MSW treatment methods

7.1.3.2.  Composition of Municipal Solid Waste

The survey in 2014 also provides waste composition of MSW in Port Moresby (Table 7 3). This composition is regarded 
as representing PNG’s situation and used in all MSW for whole time series.

7.1.3.3.  Waste Treatment Methods for Municipal Solid Waste

A survey in 2010 provides share of waste treatment methods for MSW in big cities and rural areas. This is only 
the country-specific information and used for whole time series. GHG emissions from SWDS, composting and 
incineration/open burning are estimated under categories 5A, 5B, and 5C respectively.

7.1.3.4. Generation of Industrial Waste

In PNG, industrial solid waste is generally treated in conjunction with municipal and commercial waste. Main 
industries in PNG which emit organic solid waste are “food and beverage” and “Organic material”. One petroleum 
refinery is also operating. There is no tobacco, textile, wood and pulp and chemical industries in PNG.  The data 
about amount of industrial waste generation or other relevant data which may be used as driver to estimate 
industrial solid waste amount is not available at present, industrial waste is not considered in GHG estimation of 
waste sector for BUR2.
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7.2.2. Methodological Issues

7.2.2.1. Choice of Method

The IPCC Waste Model based on First Order Decay (FOD) method given in the 2006 IPCC Guidelines is used to 
estimate CH4 emission from the degradable organic component (degradable organic carbon, DOC) in SWDS. The 
CH4 emissions from solid waste disposal for a single year can be estimated using Equations 3.1 to 3.6 in Chapter 
3 of Volume 5 of the 2006 IPCC Guidelines. CH4 is generated as a result of degradation of organic material under 
anaerobic conditions. The amount of CH4 oxidized in the cover of the SWDS or recovered for energy or flaring 
are eliminated from CH4 generated and then emitted CH4 from SWDS are calculated. In PNG, CH4 recovery and 
oxidation are not implemented and so these factors are regarded as zero in the estimation.  

7.2. Solid Waste Disposal (4.A)

7.2.1. Category Description 

Treatment and disposal of solid waste produces CH4 and CO2 during decomposition of organic materials in solid 
waste disposal site (SWDS). Emissions emanate from waste deposited over a long period. Solid waste disposed 
since 1950 is considered in the PNG inventory because it is good practice to use at least 50 years as this time 
frame provides an acceptably accurate result for most typical disposal practices and conditions according to the 
guidance in the 2006 IPCC guidelines (chapter 3, volume 5). CO2 emissions from biogenic sources (e.g. waste 
wood, foods) are not included in emissions in the waste sector total as well as national total, because carbon is 
of biogenic origin and net emissions are considered and included under the AFOLU Sector. CO2 emissions from 
burning of the surface of landfill site are considered in category 4.A, but this source is not estimated in PNG. Thus, 
the only CH4 emissions are reported in this sector. 

The estimated emissions from SWDS are about 272.6 kt CO2 eq in 2017 and the trend is shown in figure 7-2 below.

Figure 7-2:  Time series of GHG emissions from solid waste disposal (4.A.) from 2000 to 2017 (in kt CO2 eq)



Table 7-5:  Amounts of waste landfilled and degradable organic carbon content.

Table 7-6:  Parameters used for emission estimation from SWDS

7.2.2.3. EF, Other Parameters

Emission factors are defined as the amount of CH4 [kg] generated through decomposition of one ton of 
biodegradable landfill wastes (dry basis) without incineration. They are established by the type of biodegradable 
waste and by the type of landfill site. 

All parameters used in the landfill emissions model are determined by the default values from the 2006 IPCC 
Guidelines. The parameters used in the landfill emissions model:

 Fraction of degradable organic carbon (DOC): See Table 7 6;

 CH4 generation (decomposition) rate constant (k): see Table 7 6;

 Fraction of DOC actually dissimilated (DOCf): 0.5; 

 Methane correction factor (MCF): see Table 7 6;

 Fraction of methane in landfill gas produced: 0.5;

 Time delay from deposit of waste to start of production of methane gas: set at 6 months; 

 CH4 oxidation factor for managed landfills: 0;

 Amount of recovered landfill gas: 0.

A few of the above parameters are discussed in the sub-sections below
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a. DOC, DOCf and k-value, fraction of methane in landfill gas produced

No country-specific study is available, the IPCC default values relevant to “Oceania, other Oceania” provided 
in the IPCC waste spreadsheet model are used. 

b. Methane Correction Factor (MCF)

In PNG, all disposal sites are open air damping, and the sites are classified as unmanaged. The GHG emissions 
from SWDS for the inventory timeseries up to the year 2017 for BUR2 are estimated under the share of 100% 
unmanaged-deep (MCF = 0.8) for big cities and 100% unmanaged-shallow (MCF = 0.4) for rural area for 
whole time series.

In Port Moresby, improvement work of SWDS (Baruni disposal site) was done during 2012-2016, and some cells 
in this disposal site were developed to operate semi-aerobic type of landfill management (Fukuoka Method). 
The semi-aerobic landfill operation in this site started late 2017. Thus, the GHG emissions in this site from 2018 
generated under semi-aerobic treatment and the next GHG inventory covering the year 2018 onward will 
consider this change.

c. Delay Time

The IPCC default delay time of six months is applied in accordance with the IPCC Waste Model as methane 
generation does not begin immediately upon deposition of the waste. On average, waste landfilled in year x 
starts to contribute to methane emissions in year x+1.

d. Oxidation Factor (OX)

Oxidation factor is set as 0. methane generated by the decomposition of organic carbon are not oxidized 
before the gas reaches the surface of the landfill.

e.  Methane Recovery

No methane recovery is undertaken at the landfill sites in PNG.

7.2.3. Category-specific Recalculations

No recalculation has made.

7.2.4. Category-specific Planned Improvements

a. Update of Population Time Series

National Statistical Office of PNG plans to implement population survey so called “National Population and 
Housing Census” in 2024 (originally planned in 2021 but deferred due to some difficulties caused by COVID-19). 
When the latest population data will be available, the time series of population after 2011 will be subject to 
recalculation. In addition, section 1.2.2 of this report indicates there is census for the years in 1966 and 1971, 
but these have not reflected in the calculation yet. If the time series of population is improved, the waste 
generation amount and the amount of landfill waste will also cause recalculation as the estimations use the 
population as a driver.

b. Change of MCF after 2018

Baruni disposal site in Port Moresby has improved and operated as semi-aerobic landfill site now. The GHG 
emissions since 2018 must reflect this improvement by changing MCF.

c.  Improvement of MSW Estimation

The current estimate is based on the data collected in Port Moresby and some expert judgements.  Collecting 
other cities data about waste composition and/or waste treatment types may lead more accurate emission 
estimation from SWDS.

d. Resolving NE for ISW and Sludge

Solid waste generated from industry and sludge from wastewater treatment go to landfill are not estimated. 
PNG tries to collect relevant data.
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7.3. Biological Treatment of Solid Waste (4.B)

7.3.1. Category Description

Composting and anaerobic digestion of organic waste, such as food waste, garden (yard) and park waste and 
sludge are common treatments of waste, which can reduce volume in the waste material, stabilize of the waste, 
destruct pathogens in the waste material, and product biogas for energy use.

This category covers CH4 and N2O emissions generated during biological treatment process of solid waste. Where 
these gases are used for energy, then associated emissions should be reported in the Energy Sector in accordance 
with the allocation rule of the IPCC Guidelines, but this does not occur at present in PNG. Emissions from biological 
treatment of wastewater are covered in category 4.D.

The 2006 IPCC guidelines refer the three biological treatments: composting, anaerobic digestion of organic waste 
and mechanical-biological (MB) treatment. In PNG, only composting is implemented and so reported under this 
category. Anaerobic digestion of solid waste is assumed to be zero as no data available in PNG, in line with the 
guidance in the 2006 IPCC Guidelines (page 4.5, step 1 of section 4.1, chapter 4, Volume 5).

The estimated emissions from biological treatment of solid waste are about 6.9 kt CO2eq in 2017 and the trend is 
shown in figure 7-3 below.

7.3.2. Methodological Issues

7.3.2.1. Choice of Method

A Tier 1 method is used to estimate CH4 and N2O emissions from composting by applying Equations 4.1 and 4.2 
in the 2006 IPCC Guidelines (page 4.5, section 4.1.1, chapter 4, Volume 5). As no CH4 recovery is considered 
implemented in PNG, both CH4 and N2O emissions are calculated by the same equation provided below.
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Figure 7-3:  Time series of GHG emissions from biological treatment of solid waste (4.B.) from 2000 to 2017 (in kt CO2 eq)



7.3.2.2. AD (include uncertainties and time-series consistency)

The amount of organic waste treated by composting is obtained from the total MSW generation and the ratio 
of composting used as waste treatment methods, which are 0% for big cities and 10% for rural area (table 7-4).  
Thus, the emissions from compositing only calculated in rural area.  Food, wood and garden and park wastes are 
classified as the organic wastes relevant to this source, which occupies 60% of total waste generation in rural area 
(table 7-3)  Therefore, 6% (60% x 10%) of solid waste generated in rural area of PNG is assumed to be treated by 
composting and used as AD for 4.B. 

7.3.2.3. EF, Other Parameters

The default emission factors of composing in Table 4.1 of the 2006 IPCC Guidelines (page 4.6, chapter 4, Volume 
5) are used. As AD is represented as wet weight basis, 4 g-CH4/kg waste treated and 0.3 g-N2O/kg waste treated 
are used for CH4 EF and N2O EF respectively.

7.3.3. Category-specific Recalculations, if applicable

No recalculation has made since BUR1.

7.3.4. Category-specific Planned Improvements, if applicable (e.g. methodologies, AD, EF, etc.)

The issue identified in 4.A (section 7.2.4.a) is also relevant to 4.B in terms of AD improvement. There is no plan of 
improvement for equations and EFs.

7.4. Incineration and Open Burning of Waste (4.C)

This category covers CO2, CH4 and N2O emissions from incineration and open burning of waste without energy 
recovery.  In the 2006 IPCC Guidelines, waste incineration is defined as “the combustion of solid and liquid waste in 
controlled incineration facilities”, while open burning of waste is explained as “can be defined as the combustion 
of unwanted combustible materials such as paper, wood, plastics, textiles, rubber, waste oils and other debris in 
nature (open-air) or in open dumps, where smoke and other emissions are released directly into the air without 
passing through a chimney or stack.”

All CH4 and N2O emissions from this source are included in national total, while CO2 emissions included in national 
total are fossil origin only.  Biogenic CO2 emissions are excluded in national total as those are already covered in 
the AFOLU sector.  The methods for estimating CO2, CH4 and N2O emissions from incineration and open burning of 
waste vary because of the different factors that influence emission levels.  Estimation of the amount of fossil carbon 
in the waste burned is the most important factor determining the CO2 emissions. The non-CO2 emissions are more 
dependent on the technology and conditions during the incineration process.  In this regard, waste incinerated 
or open-burned is preferably differentiated by waste types.  In the PNG inventory, amount of waste incinerated or 
open-burned are examined under MSW, industrial solid waste (ISW), hazardous and clinical waste, sewerage sludge 
and fossil liquid waste separately, considering the guidance in chapter 5 of the 2006 IPCC Guidelines.

It is assumed that MSW from big cities is not subject to combustion, while 20% of MSW from Small Island is treated 
by incineration or open burning table 7-4.  All waste combustion in small islands is assumed as open burning and 
it’s relating CO2, CH4 and N2O emissions are reported in this category.

Regarding ISW, hazardous waste and sewerage sludge, good information on the status of waste incineration is not 
available and so reported as not estimated (NE).

For clinical waste treatment, no official data or statistics is published, in addition no clinical waste management 
policy has been established in PNG.  Based on an interview to some hospitals in PNG, clinical waste is incinerated 
(usually open-burned) but quantitative data of incineration amount is unavailable for BUR2.  Thus, GHG emissions 
from clinical waste incineration is reported as not estimated (NE).

Fossil liquid waste, including waste oil, is collected by private waste management companies, and exported to 
other countries and subject to incineration there under proper waste management. Thus, the emissions from fossil 
liquid waste are not included in the national total of PNG inventory.
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7.4.1. Waste Incineration (4.C.1)

Waste incineration by controlled incineration facilities is poorly available in PNG at present.  This source is reported 
as not estimated (NE).

7.4.2. Open Burning of Waste (4.C.2)

7.4.2.1. Category Description

A part of MSW in small islands are subject to combustion. All of this combustion is assumed as open-burning.  The 
estimated emissions from open burning about 56.4 kt CO2 eq in 2017 and are shown in figure 7-4 below.

Figure 7-4:  Time series of GHG emissions from open burning of waste (4.C.2) from 2000 to 2017 (in kt CO2 eq)

7.4.2.2. Choice of Methods

a. CO2 Emissions

A Tier 1 method is used to estimate CO2 emissions from open burning by applying Equations 5.2 in the 2006 
IPCC Guidelines (page 5.7-5.8, section 5.2.1, chapter 4, Volume 5), considering the available data. 
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b. CH4 and N2O Emissions

A Tier 1 method is used to estimate CH4 and N2O emissions from open burning by applying Equations 5.4 and 
5.5 in the 2006 IPCC Guidelines (page 5.11-5.15, section 5.2.2 and 5.2.3, chapter 5, Volume 5). Both CH4 and 
N2O emissions are calculated by the same equation provided below.

7.4.2.3. AD

a. CO2 Emissions

The amount of MSW open-burned is obtained from the total MSW generation and the ratio of open burning 
used as waste treatment methods, which are 0% for big cities and 20% for rural area (table 7-4).  Thus, the 
emissions from open burning only calculated in rural area.

Waste contains biogenic-carbon and fossil-origin carbon. Only CO2 emissions from fossil-origin carbon are 
added to the waste sector’s emission total as well as national total emissions. Thus, the amount of fossil-origin 
carbon is calculated by using the equation referred in section 7.4.2.2 and the parameters of dry matter 
content, total carbon content, fossil carbon fraction of MSW table 7-7. All parameters are based on the default 
values provided in the 2006 IPCC Guidelines.

Table 7-7:  Parameters used in estimating AD for open-burning

Sources: Table 2.4 and Table 5.2 volume 5, 2006GL

b. CH4 Emissions

Total amount of MSW open-burned is the AD of this estimation. As EF for CH4 emission is given by wet-weight 
basis, the total generated MSW goes to open-burning is used.

c. N2O Emissions

Total amount of MSW open-burned is the AD of this estimation. As EF for N2O emission is given by dry-weight 
basis, generated MSW goes to open-burning (represented as wet basis) are converted to dry-weight basis by 
using the default dry matter content (%) provided in the 2006 IPCC guidelines (table 7-8).
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Table 7-8:  AD for open-burning (MSW)

7.4.2.4.  EF, Other Parameters

a. CO2 Emissions

The default oxidation factor (ratio of oxidated carbon in % of carbon input) of 58% provided in the 2006 IPCC 
Guidelines (Table 5.2) is used. 

b. CH4 Emissions

As no country-specific data available, default CH4 emission factor of 6500 g CH4/ t MSW wet weight for open 
burning in the 2006 IPCC Guidelines (section 5.4.2) is used. 

c. N2O Emissions

As no country-specific data available, default N2O emission factor of 150 g N2O/ t MSW dry weight for open 
burning of MSW in the 2006 IPCC Guidelines (Table 5.6, section 5.4.3) is used. 

7.4.3. Category-specific Recalculations

As not enough information on incineration of waste was available, this category was reported as not estimated in 
the BUR1.  In BUR2, GHG emissions from MSW are newly estimated.

7.4.4. Category-specific Planned Improvements

The issue identified in 4.A (section 7.2.4.a) is also relevant to 4.C in terms of AD improvement.
When the data relevant to this source especially for industrial waste, hazardous waste and clinical waste will be 
available, this source will be estimated.
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7.5. Wastewater Treatment and Discharge (4.D)

Wastewater can be a source of CH4 when treated or disposed anaerobically. It can also be a source of N2O 
emissions. CO2 emissions from wastewater are not considered in the IPCC Guidelines because these are of 
biogenic origin and should not be included in national total emissions.  Wastewater originates from a variety of 
domestic, commercial and industrial sources and may be treated on site (uncollected), sewered to a centralized 
plant (collected) or disposed untreated nearby or via an outfall. Domestic wastewater is defined as wastewater 
from household water use, while industrial wastewater is from industrial practices only (IPCC 2006).

The extent of CH4 production depends primarily on the quantity of degradable organic material in the wastewater, 
the temperature, and the type of treatment system (IPCC 2006).  The amount of degradable organic material in 
the wastewater is shown as the Biochemical Oxygen Demand (BOD) or Chemical Oxygen Demand (COD).  The 
amount of CH4 emitted to atmosphere is considered from maximum capacity of CH4 produce per unit of BOD or 
COD and the faction treated anaerobically by type of treatment system shown as a parameter of MCF (methane 
conversion factor). 

N2O is associated with the degradation of nitrogen components in the wastewater.  N2O emissions can occur as 
direct emissions from treatment plants or from indirect emissions from wastewater after disposal of effluent into 
waterways, lakes or the sea.  As direct emissions from nitrification and denitrification at wastewater treatment plants 
may be considered as a minor source and guidance to estimate this source is applied only for countries that 
predominantly have advanced centralized wastewater treatment plants with nitrification and denitrification steps. 
In the PNG inventory, only the standard estimation of N2O emissions from effluent is applied.

Wastewater collecting systems exist in some main cities in PNG, including Port Moresby, Lae, Madang, Alotau, 
Kimbe, Popotendetta, Mt Hagen and Kundiawa.  Port Moresby’s system is operated by a public corporation (Eda 
Rane), and other countries’ systems are operated by other pubic corporation (WaterPNG).  These systems treat cover 
domestic, commercial as well as industrial wastewater generated in the central part of the cities.  Uncollected 
wastewater do not regulated by public cooperation.  Uncollected wastewater generated in suburb area is usually 
treated by septic tank, those in village are discharged as untreated.  Based on the expert judgement, PNG’s 
wastewater treatments are classified into “treated - septic system”, “untreated- sea, lake and river discharge” and 
“untreated – pit toilet”.  In addition to this, “Centralized, aerobic treatment plant” and “anaerobic shallow lagoon” 
system is used in Port Moresby. Figure 7-5 shows the overview of the wastewater treatment systems and discharge 
pathways of Port Moresby based on Figure 6.1 of the 2006 IPCC Guidelines.

The estimated emissions from wastewater treatment are about 670.5 kt CO2 eq in 2017 and the trend is shown in 
figure 7-6 below.

Figure 7-5:  Overview of the wastewater treatment systems and discharge pathways of Port Moresby
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Figure 7-6:  Time series of GHG emissions from waste water treatment (4.D.) from 2000 to 2017

7.5.1. Domestic Wastewater Treatment and Discharge (4.D.1)

7.5.1.1. Category Description 

This sector covers CH4 and N2O emissions from domestic wastewater treatment and discharge.  As no official data 
of the amount of generated domestic wastewater is available, total domestic wastewater amount is estimated 
by population-based assumption suggested by the IPCC Guidelines. The degree of treatment utilisation is not 
separated by income level based on the suggestion from the relevant stakeholder of wastewater in PNG. 

7.5.1.2. Choice of Method 

a. CH4 Emissions

A Tier 1 method is used to estimate CH4 emissions from domestic wastewater treatment and discharge based 
on Equations 6.1.  Information on how sludge is treated is not available, sludge separation is not considered.  
In addition, CH4 recovery is assumed to be zero in the case of PNG. The estimation is implemented by the 
equation below.
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7.5.1.3. AD

a. CH4 Emissions

The activity data for this source category is the total amount of organically degradable material in the 
wastewater (TOW).  This parameter is a function of human population and BOD generation per person. It is 
expressed in terms of BOD (IPCC 2006). Country-specific information was not available such as amount of 
domestic wastewater treated and BOD of inlet wastewater to plants. Thus, TOW is estimated by default method 
of Equation 6.3 below.

Time series data of the country population is constructed from PNG Census which is consistently used for all waste 
categories.  BOD is based on the default value of Oceania (60 g/person/day, Table 6.4, p 6.14, chp6, Vol 5, 
2006GL).  The stakeholders of wastewater in PNG noted that this default is considered not far from the one in PNG. 
Correction factor I is based on the default value in the IPCC guidelines (p 6.14, chp6, Vol 5, 2006GL).  1.25 is used 
for the wastewater in 8 cities collected by Eda Ranu or WaterPNG and 1.00 is used other wastewater uncollected.
The detailed information on utilisation of treatment/discharge pathway or system in PNG does not exist in PNG, thus 
the degree of this was assumed that “treated (such as septic system)”, “sea, lake and river discharge” and “pit 
toilet” is 30%, 30% and 40% respectively in BUR1.  Some stakeholders of wastewater treatment in PNG agreed that 
this assumption shows almost actual situation in PNG.

In BUR2, the share of utilisation of treatment/discharge pathway or system in PNG is improved based on the 
information provided from the two public corporations.  In Port Moresby, two-third of collected wastewater is treated 
under Lagoon and rest of one-third used to be discharged into sea. In 2018. Joyce Bay sewerage treatment 
plant (STP) started operation and wastewater generated coastal area of Port Moresby goes to this plant.  Thus, 
BUR2 divided the share of treated system of 30% into “shallow lagoon” and “septic tank” based on the expected 
population using these systems.  The share of new STP will be subtracted from “sea, lake and river discharge” but 
this starts from 2018 and so covered next GHG inventory submission.  For the seven cities operating wastewater 
collecting system, WaterPNG provided number of houses connected to their system for the year 2014-2018.  If 
this number is converted to population basis by using 2011 Census data (where number of people and houses 
are available in each small administrative division), the share of using this system occupy 0.2-0.3% of the total 
population of PNG.  As the systems’ facilities and operation in seven cities have not been changed for these 20 
years, the average of 2014-2018, 0.26%, is applied for estimating number of people using this system.

Industrial wastewater amount is not separately estimated and implicitly covered by factor “I” in case which locate 
urban area and connected to the domestic wastewater treatment systems in the eight cities.

The share of utilisation of treatment/discharge pathway or system in PNG for BUR2 estimation is show in table 7-9 
below, which are assumed from number of people using each system.

National Inventory Report 2000 – 2017 109



Figure 7-9:  The share of utilization of treatment/discharge pathway or system in PNG

b. N2O Emissions

The activity data of total annual amount of nitrogen in the wastewater effluent is estimated according to the 
guidance in section 6.3.1.3 and by Equation 6.8 below.

The same population data is used. Protein consumption data as time series in a range from 98 to 102 g/person/
day is derived from FAOSTAT (PIF countries). FNPR is established as the default value of 0.16 kg N/kg person (Equation 
6.8). FNON-CON and FNON-CON are established from the default values of 1.1 (for developing country) and 1.25, 
respectively, which referred in the text in section 6.3.1.3. NSLUDGE is set as zero according to Equation 6.8. Country-
specific data for this calculation was also hardly available in PNG.

7.5.1.4. EF, Other Parameters

a. CH4 Emissions

Emission factor is established as a function of the maximum CH4 producing potential (Bo) and the methane 
correction factor (MCF) for the wastewater treatment and discharge system. The default values from the 2006 
IPCC Guidelines are used for all parameters. Bo is 0.6 kg CH4/kg BOD (Table 6.2), MCFs for Centralized, aerobic 
treatment plant, Anaerobic shallow lagoon, Septic tank, Sea-river-and-lake discharge and Pit toilet (Latrine for 
small family) are 0, 0.2, 0.5, 0.1 and 0.1, respectively (table 6.3).

b. N2O Emissions

The default IPCC emission factor of 0.005 kg N2O-N/kg N is used for N2O EF from domestic wastewater nitrogen 
effluent.

7.5.1.5. Category-specific Recalculations

Information on wastewater collecting systems is used in the GHG estimation for the first time. Based on this data, 
CH4 emission from lagoon system is newly estimated, the share of wastewater treatment system is updated and 
factor I =1.25 is applied for the wastewater collected by this system.  For N2O emissions, FIND-COM  is newly 
applied in line with the default equation.
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7.5.1.6. Category-specific Planned Improvements

The issue identified in 4.A (section 7.2.4.a) is also relevant to 4.D.1 in terms of AD improvement.

Update of estimation is expected from the year 2018 onward because sewerage treatment plant in coastal area 
of Port Moresby started its operation on September 2018 and wastewater used to be discharged into sea goes to 
this plant. It may be necessary to capture operation status of this plant to reflect this into the GHG estimation.

At this moment, country-specific data such as amount wastewater amount or BOD/COD and Nitrogen load in 
wastewater are hardly available. But if this data will be available in the future, estimation can be updated and may 
provide more accurate estimation.

7.5.2. Industrial Wastewater Treatment and Discharge (4.D.2)

7.5.2.1. Category Description 

The main industrial organic wastewater emitters in PNG are food and beverage sector and organic material sector.  
Some industrial wastewater is connected to the collecting system of domestic and commercial wastewater, 
but connected and unconnected industries are not identified yet.  Thus, independent estimate about industrial 
wastewater is not implemented for BUR2.

7.5.2.2. Category-specific Planned Improvements

In order to complete the estimate of this category, it is necessary to clarify how much wastewater is emitted from 
main industrial organic wastewater emitters, which industries or factories are connected to domestic wastewater 
collecting system and how wastewater is treated if unconnected. 

National Inventory Report 2000 – 2017 111



References

Aalde, H., Gonzalez, P., Gytarsky, M., Krug, T., Kurz, W. A., Lasco, R. D., Martino, D. L., McConkey, B. G., Ogle, S., 
Paustian, K., Raison, J., Ravindranath, N. H., Schoene, D., Smith, P., Somogyi, Z., Amstel, A. van, & Verchot, L. 
(2006). Generic Methodologies Applicable to Multiple Land-Use Categories 2006. In 2006 IPCC Guideline for 
National Greenhouse Gas Inventories. Volume 4: Agriculture, Forestry and Other Land Use. (pp. 2.1-2.59). IPCC. 
https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_Ch02_Generic Methods.pdf

Aalde, H., Gonzalez, P., Gytarsky, M., Krug, T., Kurz, W. A., Ogle, S., Raison, J., Schoene, D., Ravindranath, N. H., 
Elhassan, N. G., Heath, L. S., Higuchi, N., Kainja, S., Matsumoto, M., Sánchez, M. J. S., Somogyi, Z., Carle, J. B., 
& Murthy, I. K. (2006). Forest Land. In 2006 IPCC Guideline for National Greenhouse Gas Inventories. Volume 4: 
Agriculture, Forestry and Other Land Use (pp. 4.1-4.83). Intergovernmental Panel on Climate Change. https://www.
ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_04_Ch4_Forest_Land.pdf

CCDA. (2017). Papua New Guinea’s national REDD+ forest reference level. In IPCC. Climate Change and 
Development Authority of Papua New Guinea. https://redd.unfccc.int/files/png_frl__submission-15.01.2017.pdf

CCDA. (2018). First Biennial Update Report to the United Nations Framework Convention on Climate Change. 
In IPCC. Climate Change and Development Authority of Papua New Guinea. https://png-data.sprep.org/resource/
papua-new-guinea-first-biennial-update-report-bur-unfccc-2018

Dong, H., Mangino, J., McAllister, T. A., Hatfield, J. L., Johnson, D. E., Lassey, K. R., Lima, M. A. de, Romanovskaya, 
A., Bartram, D., Gibb, D., & John H. Martin, J. (2006). Emissions from Livestock and Manure Management. In 
2006 IPCC Guideline for National Greenhouse Gas Inventories. Volume 4: Agriculture, Forestry and Other Land Use 
(pp. 10.1-10.87).

FAO. (2020). The State of Food and Agriculture 2020. Overcoming water challenges in agriculture. https://doi.
org/https://doi.org/10.4060/cb1447en

Klein, C. De, Novoa, R. S. A., Ogle, S., Smith, K. A., Rochette, P., Wirth, T. C., McConkey, B. G., Mosier, A., Rypdal, 
K., Walsh, M., & Williams, S. A. (2006). N2O Emissions from Managed Soils, and CO2 Emissions from Lime and 
Urea Application. In 2006 IPCC Guidelines for National Greenhouse Gas Inventories: Vol. 4 Agricult (pp. 11.1-
11.54). IPCC.

Kurt, T. (2020). Enteric Fermentation / Enteric Methane. ARPA-E REMEDY Workshop. https://arpa-e.energy.gov/
sites/default/files/Session 1.1 - Kurt_0.pdf

Lasco, R. D., Ogle, S., Raison, J., Verchot, L., Wassmann, R., Yagi, K., Bhattacharya, S., Brenner, J. S., Partson 
Daka, J., González, S. P., Krug, T., Li, Y., Martino, D. L., McConkey, B. G., Smith, P., Tyler, S. C., Zhakata, W., Sass, 
R. L., & Yan, X. (2006). Cropland. In 2006 IPCC Guideline for National Greenhouse Gas Inventories. Volume 4: 
Agriculture, Forestry and Other Land Use (pp. 5.1-5.66). IPCC.

Meihua, D., Ying, H., Muneoki, Y., Sonoko, D., & Masayuki, H. (2017). Evaluation N2O Emissions from Intensive 
Manure Managements in a Dairy Area. Journal of Earth Science & Climatic Change, 08(04), 4–9. https://doi.
org/10.4172/2157-7617.1000398

Papua New Guinea Forest Authority. (2019). Forest and land use change in papua new guinea 2000 - 2015.
Pingoud, K., Skog, K. E., Martino, D. L., Tonosaki, M., Xiaoquan, Z., & Ford-Robertson, J. (2006). Harvested Wood 
Products. In 2006 IPCC Guideline for National Greenhouse Gas Inventories. Volume 4: Agriculture, Forestry and 
Other Land Use. (pp. 12.1-12.33). IPCC. https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/4_Volume4/19R_V4_
Ch12_HarvestedWoodProducts.pdf

Verchot, L., Krug, T., Lasco, R. D., Ogle, S., John, R., Li, Y., Martino, D. L., McConkey, B. G., Smith, P., & Wanja 
Karunditu, M. (2006). Grassland. In 2006 IPCC Guideline for National Greenhouse Gas Inventories. Volume 4: 
Agriculture, Forestry and Other Land Use (pp. 6.2-6.49). IPCC.

National Inventory Report 2000 – 2017 112



Appendix I:  Overview of Methods

Overview of Methods and Emission Factors used in the GHG inventory
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Appendix II: GHG Summary table (2017)
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