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Abstract 
 

Government regulation  has established Pulp and Paper Industries (PPI) to be one of 35 
National Industries Priority among 365 existing industries. This means that the development of 
Indonesian PPI is taken for guaranted, but there is a problem of significance greenhouse gasses 
(GHG) emission due to the using of energy intensively in PPI.  It was reported by OECD that the 
intensity of GHG emission from PPI is about 220 – 1400 kg CO2 per ton product. The points of 
emission spread over entire process from forestry where wood is used as raw material, to the end of 
product life-cycle where paper is eliminated. Global commitment for reduction of GHG emission 
(Kyoto Protocol) enforces the PPI to decrease GHG emision as much as possible. OECD estimates 
that GHG emission from PPI can be reduced 5 – 40 %. Identification of GHG emission sources in PPI 
and strategies for its reduction are clearly needed, otherwise those efforts will not work efficiently and 
effectively.  

The sources of GHG emission in PPI can be directly such as the using of fossil fuel in steam 
generation, or indirectly such as the using of purchased electricity from other companies. The 
quantification of GHG emission is measured by carbon footprint approach. There are some methods 
for measuring carbon footprint, but for PPI, CEPI proposed to use Ten Toes framework. The 
strategies for reduction of GHG emission from PPI are generally categorized into two terms, energy 
and process. This paper is supposed to be dedicated for Indonesian PPI, will expose the sources of 
GHG emission in PPI, the method of GHG emission calculation, and the technologies should be used 
for reduction of GHG emission as the contribution of Indonesian PPI for reduction of global warming. 

 
 
Introduction 
 
 Indonesian Government Regulation, determined pulp and paper industries (PPI) is one of 35 
industries as a priority of national industries amongs 365 existing industries. Following this regulation, 
the Ministry of Industry established to develop industrial cluster for Indonesian PPI  located in West 
Java. In 2010 the number of Indonesian PPI are 85 with  the capacity of 9 million ton pulp  and 13 
million ton paper  per annum. By this capacity, Indonesia hold the rank of 9 for pulp and 11 for paper 
producers in the world.  About 50 % of pulp and 40 % of paper are exported equals to 5 – 6 billion 
USD per year. Indonesian PPI growth at 4.53 % and contributed to manufacturing industries at 4.75 % 
up to 2009. Indonesian PPI are not influenced by AFTA or even ACFTA policy. These facts show us 
how important PPI for Indonesian economics development. But the increasing of people and states 
awareness for global warming, cause all industries including PPI, must build an appropriate strategies 
in developing  their businesses wisely. 
 PPI is one of industrial types classified as capital and energy intensive. The investment for 
pulp mill with the capacity of 550,000 ton/year  is about 606 Million USD, and for the new newsprint 
mill with  the capacity of 280,000 ton/year is about 541 Million USD.  In energy perspective, some 
writers reported the specific energy consumption for cement, steel, aluminium, and paper industry are 
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4.03, 11.93, 66.50, and 26.5 GJ/Ton respectively. Energy consumed in PPI may be coming from 
biomass, fossil fuel, or purchased electricity. Due to the using of biomass from the forestry  as raw 
materials and high intensity energy in the process, PPI is a significant contributor to CO2 emission in 
the atmosphere and takes a role in global warming. 
 The excessive of CO2 in the atmosphere, caused the sun light coming through the atmosphere 
easily to reach the earth, and some reflected light from the earth to the athmosphere, are reflected back 
to the earth by the layer of CO2. Consequently, earth surface warmer and wamer all the times and 
global warming is happening now. CO2 and other gasses behaving like CO2 in the athmosphere are 
called greenhouse gasses (GHG) and stated as CO2 equivalent. Global warming can cause climatic 
change, flooding, ocean disruptions, shifting storm patterns,  reduced farm output, animal extinctions, 
and drought. All these scarely impacts make the global people agreeing a treaty in 1992 (Earth 
Summit, Rio de Janeiro) to stabilize GHG concentration in the athmosphere and prevent dangerous 
anthropogenic activities. In 1997, this treaty was established legally binding obligations for developed 
countries to reduce their GHG emissions (Kyoto Protocol). Indonesia is one of the countries which 
ratified the protocol.  
 GHG mainly consist of carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, 
perfluorocarbons, and sulphurhexafluoride.   In 2004 global GHG emission reported as 49 billion 
tCO2 eq / year, consist of CO2 from fossil fuel (56.6%), CO2 from deforestration (17.3%), CO2  others 
(2.8%), CH4 (14.3%), N2O (7.9 %), and F-Gas (1.1%). These GHG emissions coming from industry 
(19.4%), energy supply (25.9%), forestry (17.4%), agriculture (13.5%), transportation (13.1%), 
residencial and commercial buildings (7.9%), waste and waste water (2.8%).  In term of forestry, there 
is an international scheme for reducing GHG emission called REDD (Reducing Emissions From 
Deforestration and Forest Degradation). For some industries the intensity of GHG emission are 
reported as follows : cement 0.73-1.40, steel 1.6-2.0, aluminium 8.5, pulp and paper 0.22-1.40 tCO2 
eq/ton product.  The contribution of Indonesian PPI to global GHG emission is estimated about 1.98-
12.6 million tCO2 eq for pulp and 2.86-18.2 million tCO2 for paper annually. 
 Indonesian government declared clearly by the President himself, that Indonesia commit to 
reduce GHG emission 16 – 41 % in  2020. Recently a Letter of Intent between Indonesia and Norway 
government was signed in the REDD scheme to reduce GHG emissions.  In the strategic planning of 
Ministry of Industry, the commitment of government is covered in the program of the Ministry and 
there is also a new unit in the Ministry which manage the policy of green industry.  
 Indonesian PPI must have a systematic approach for supporting the government policy, 
folowing the  global trends, and taking the responsibility to the global warming.  To get an initiative 
for those efforts,  Indonesian PPI should carry out a comprehensive study of relationship between PPI 
and GHG emission, especially identifying from which part in the process of PPI emit GHG, how to 
measure it, and what strategies shoul be taken to reduce GHG emissions. Such study is not available 
yet for Indonesian PPI. This paper was writen as a review from many literatures in the relevant topics, 
suppose to be dedicated to Indonesian PPI as an inisial effort to build an awareness of GHG emission 
reduction. 
 
 
Pulp And Paper Industries (PPI) 
 
 Pulp and paper industries (PPI) are subsystem of forest product industries (FPI).  PPI get the 
wood from the forest biomass as raw materials, converts into pulp as an intermediate materials, then 
change to paper which can be proceed to produce paper products such as stationery, newspaper, 
cardboard, etc.  Most of the processes in pulp production are chemical processes such as cooking and 
bleaching. Cooking changes wood into pulp, bleaching extract lignin from the pulp, and both of them 
using chemical and thermal energy.  Contrary to the pulp, in paper production most of the processes 
are physical processes such as mixing and dewatering. Mixing blends the pulp, water, and chemical 
additives to be a homogenous stock. Dewatering  separates water from the stock using the techniques 
of gravity, vaccuum, mechanical pressing, and thermal drying. From the paper mill, paper send to the 
converting industries to produce a final products. Some used products are recycled into paper mill.  
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Identification Of The GHG Emission  
 
 There are two useful report which can be used as a guide for identifying the sources of GHG 
emission in PPI, published in 2007 (SR 07-02) by NCASI (National Council for Air and Stream 
Imptovement).  Due to the characteristics of PPI which spread over from forestry to final products, 
GHG emission shoud not only be understood as a direct releasing GHG from an activity such as fossil 
fuel burning. For the PPI which have his owned forestry for raw materials supplying, should be seen 
as negative emission since the forestry absorbs  the GHG from the atmosphere.  By these reasoning, 
GHG emission from the PPI  can be seen from three perspectives : emissions, sequestrations, and 
avoided emissions. Emissions consist of transfer of GHG from anywhere in the value chain of PPI to 
the atmosphere. Sequestration consist of hold and or transfer between, forest, paper, and landfill. 
Avoided emissions happen if, for example, fossil fuels change by the biomass. 
 Emissions categorized by NCASI as direct and indirect emissions. Most of direct emissions 
come from fossil fuels burning which can be taken place anywhere in pulp and paper mill. In the PPI 
there is a large of biomass combustion such as black liquor, barks, or rejects, but this is not considered 
as the source of GHG emissions since it just a natural carbon life cycle. Some places which may be 
use fossil fuels are power boiler, lime kiln, internal transportation, or harvesting equipments. Other 
non-combustion related emissions are methane from landfills or  anaerobic waste water treatment 
plants. Some examples of pulp and paper mill operations (ICFPA, 2005) with the potential of GHG 
direct emissions are : power boilers, gas turbines, and other combustion devices producing steam 
and/or power for the mill, recovery furnaces and other devices burning spent pulping liquors, 
incinerators, and soon. 
 Indirect emissions may be come from the using of energy or materials that produced by other 
company. Some unit operations in pulp and paper mill also can be considered as the sources of 
indirect emissions such as cooking, bleaching, deinking, pressing, and drying. Transportation of paper 
product to the customers or methane emissions from paper products decomposition in anaerobic 
municipal solid waste landfills, can also be seen as indirect emissions. The following activities in pulp 
and paper mill operations (ICFPA, 2005) sometimes consume purchased power or steam,  may be 
associated with the indirect emission of GHG such as preparing virgin fiber, preparing recovered fiber 
including deinking, mechanical pulping, and soon. 
 In the forestry carbon hold in the form of wood biomass while CO2 in the atmosphere absorbs. 
When the wood harvesting taken place, carbon store in the wood log. The conversion of wood into 
pulp and paper means carbon transfer from forestry into forest products. On the next stage, when 
paper converted into printed book, then book hold the carbon. After several years, the book could not 
be used anymore, and throw away into landfill, decomposed anaerobically, and then release methane 
gas. But if the used book is recycled into paper mill, the emissions from this landfill did not happen.   
 Avoided emissions could be taken place in several ways. If pulp and paper mills use biomass 
fuels in the process, then carbon bring back into the atmosphere. No GHG emissions considered here. 
If separate system for steam and electricity generation is changed into combined heat and power 
system, then 30 – 35 % energy saved. This means, avoided emissions can be realized by energy 
saving in power plants. Decaying of discarded paper or paper product in the landfills,  will probably 
release methane gas. But this emissions can be avoided by recycling the paper in the paper mills or 
using methane or discarded paper for replacing fossil fuels.  
 
Quantification Of GHG Emissions 
 
 Carbon dioxide (CO2) is a main components of GHG. The others components measure 
relative to CO2, that’s why GHG emissions usually expressed as CO2 eq. In many literature some the 
terms used interchangeably for expressing GHG emissions, namely CO2 emissions, CO2 eq emissions, 
and carbon emissions. Global warming has become a topic of high public interest and society is 
continually looking at how CO2 emissions can be reduced.  
 Global warming is an environmental impact. In ecological point of view, there is a concept 
called footprint i.e the measurement of environmental impact of human production or consumption 
activities. Ecological footprint measure the resource consumption and waste assimilation requirements 
of a defined human population or economy in terms of a corresponding productive land area. In the 
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GHG emission, we are concern about life cycle of carbon element, and there was introduced new term 
called carbon footprint.   Carbon footprint is a measure of the greenhouse gas emissions associated 
with an activity, group of activities or a product (Eriksson, 2009). It is used as a tool to measure and 
communicate the climate change performance of an activity or a product. The activities of  PPI are 
energy use, production, transportation, consumption of services and products. Iniside pulp or paper as 
a product, there is a certain value related with  climate change.  
 For general purposes (Eriksson, 2009), some methods for measuring carbon footprints are 
Environmental Product Declaration (EPD) and Product Category Rules (PCR). EPD is defined as 
quantified environmental data for a product with pre-set categories of parameters based on the ISO 
14040 series of standards, but not excluding additional environmental information. PCR describes the 
scope and the methodology for performing a LCA

 
study for the development of an EPD in compliance 

with Requirements for an International EPD scheme. Quantification of GHG can also be determined 
by ISO 14044 Life Cycle Asessment or LCA (Wigard, 2001).  Other standards can also be used are  
BSI-PAS 2050 for Assessing the Carbon Footprint of  Goods and Services, or  ISO 14064 and 14065 
for GHG quantification, reporting, and verification. Those standard methods are prepared for 
calculating GHG emission from any activities and products including pulp and paper.  
 In relation to PPI, it will be more effective if we used specific standard method for pulp and 
paper (www.ecometrica.co.uk). The specific method for quantification GHG emission from PPI was 
published by NCASI in 2005 : Calculation Tools for Estimating Greenhouse Gas Emissions from 
Pulp and Paper Mills. This method reviewed many existing GHG protocols and developed 
calculation tools for estimating GHG. These tools will assist the PPI in preparing GHG emission 
inventories for a  number of purposes, including internal company benchmarking, public reporting, 
product profiles, and carbon trading. These tools estimate CO emissions from fossil fuel combustion 
based on the carbon content of the fuel and the amount burned.  Carbon dioxide emissions from 
biomass combustion are not counted as GHG emissions. In general, the calculation tools involve the 
user performing the following steps: Determining the Objectives of the Inventory, Identifying 
Boundary Conditions, Estimating Emissions, and Presenting The Results. 
 Confederation of European Paper Industries (CEPI, 2007) proposed a balance sheet of GHG 
emissions and removals (transfers to and from the atmosphere). CEPI has developed its framework for 
paper and board products based on ten key elements, the Ten Toes of the Carbon Footprint. The 
framework looks at direct and indirect emissions, carbon sequestration in forests and in products, the 
value of bio-energy and the concept of avoided emissions and proposes a common approach to deal 
with them. The Ten Toes of Carbon Footprint are: 
 

1. Carbon sequestration in forests 
2. Carbon in forest products 
3. Greenhouse gas emissions from forest product manufacturing facilities 
4. Greenhouse gas emissions associated with producing fiber 
5. Greenhouse gas emissions associated with producing other raw materials or fuels 
6. Greenhouse gas emissions associated with purchased electricity, steam, heat and hot and 

cold water 
7. Transport-related greenhouse gas emissions 
8. Emissions associated with product use 
9. Emissions associated with product end-of-life 
10. Avoided emissions and offsets 

 
Strategies For Reducing Of GHG Emissions 
 
 Many strategies for reducing GHG missions have been proposed by some experts (SNIPET, 
2005). Generally it can be categorized into terms: process and energy. The efficiency of production 
process and energy usage in PPI will lead the company to the low level of GHG emissions. There 
were identified some strategies that should be taken for the Paper Mill, namely: Improving efficiency 
in energy use and generation,  Adopting new processes, Introducing new machine technologies, 
Automation, Fuel switching and renewable utilization. 
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 For Energy efficiency, first of all, we have to take a look in which part of paper processes, the 
high potential for energy saving. For papermaking there are two parts of operations that probably take 
into account for energy saving, i.e. refining and drying (EU China, 2009). But the details of actions 
that can be taken must be discussed separately.  
 Some measures must be carried out for energy saving. In the principle, do these measures. 
First, measures for a high heat recovery and a low heat consumption. Second, measures for low 
consumption of electric power. Third, measures for a high generation of electric power. 
 The new process can be adopted for reducing GHG emissions. A report on energy (Berntsson, 
2006) identified that there are some new processes such as application more widely for heat recovery 
system, the using of combined heat power, or probably black liquor gasification. Modification of 
existing process, will also lead to the new process suited for reducing GHG emissions. There is a good 
source for identifying a new process in relation to GHG emissions written in SR 01-05 (NCASI, 
2001). For examples, in Pulp Dryer and Paper Machine, a new process could be : eliminate steam use 
in the wire pit by providing hot water from heat recovery and/or pulp mill and by reducing water use 
on the machine, upgrade press section to enhance water removal, enclose the machine hood, etc. 
 The new machine technologies always promising the efficiency of production process and 
energy using. If the companies of PPI intend to invest some capitals, here there are some new machine 
technologies can be used (Hayashi and Krey, 2005) : continuous digesters batch digester modification, 
condebelt drying, etc  
 PPI is multi varible processes that must be controlled well enough to get a good product of 
pulp and paper. Conventional manual systems are not effective anymore for controlling so many 
process variables. Automated process control instead of conventional manual systems is much 
powerful than the conventional one. Automated controlled systems are more efficient to control and 
can result in more accurate processing and energy savings. The energy consumption depends on the 
process configuration, process equipment, and process control efficiency. Some case studies was done 
(Austin et al, 2010) to show a number of achievements from implementing automated control. For 
fine paper, the achievement after 2 months of automated control implementation is reduction of 
variability up to 93 % . It is also reported that energy reduction occur due to the following reasons; 
Variability reduction along with chemical additives optimization cause machine stability 
improvements. Increase the sheet solid content entering the dryer cause decreasing of steam 
consumption. Reducing steam usage also has taken place through better control weight and moisture.  
The achievment of energy saving is estimated up to 20 %. 
 Paper is an energy-intensive product (Ray and Reddy, 2008) depending primarily upon forest-
based raw materials (wood, bamboo and other non-conventional materials). The industry is divided 
into three categories: forest-based, agro-based, and other (waste paper, secondary fiber, bat fiber and 
market pulp). It is obvious that PPI is closed related to biomass and CO2 emissions.  CO2 reduction 
can be achieved by switching fossil fuels into natural gas and or biomass. Biomass is the energy 
source of 21st  century. There are 4 advantages associated with biomass energy, i.e. : Renewable; Can 
be regenerated from sunlight and water; Can be stored and used as an alternate energy source;  
Available in Vast Quantity; and Carbon Neutral. There are many types of biomass waste in PPI which 
can be used as a replacement of fossil fuels such as bark, wood reject, black liquor, reject of screening 
and cleaning, etc.  
 
Final Notes 
 
 This technical paper hopefully exposed most of technical aspects of GHG emissions from the 
PPI. The issues of GHG emissions can be seen as a series of environmental issues  such as  cleaner 
production, green industry, and ecolabelling. Indonesian PPI have passed these issues with no 
significance constraints. Fortunately, GHG issues are in-line with those previous issues, so there are 
no reasons to afraid of GHG issues. Look at the strategies talked before. Most likely, Indonesian PPI 
have implemented those strategies. If an Indonesian PPI has implemented cleaner production or 
ecolabelling, then its only need some adjustments to be participating in reducing GHG emissions.  
 Carefulness should be built related to  GHG emissions. All the concepts come from developed 
countries, supporting by a good resources and the policies. Indonesian PPI, in some extents, are 
different very much from PPI in developed countries. Some figures on carbon footprint for examples, 
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can not be adopted directly as a standard figures for Indonesian PPI. We have to have Indonesian 
Carbon Footprint Standard  based on the real conditions of Indonesian PPI.   Its will need some efforts 
to realise these. Intensive studies must be done carefully how to implement the existing concepts of 
carbon footprint from developed countries, adjusted to local conditions.   
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