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The application of pulp and paper mill (PPM) sludge in agriculture and forestry has been
acknowledged as soil amendments and a plant nutrient source. The main objectives of this
study were to evaluate the total cost of the use of recycled nutrients from PPM sludge in fast
growing pulpwood production, and the financial profitability of fast growing pulpwood
production with the use of these recycled nutrients. The investment and production costs of
fast growing pulpwood plantation were directly acquired from a previous research, while the
other data was compiled through different studies. The total cost of the use of PPM sludge
was evaluated based on assumed factors. Discounted cash flow method was used to evaluate
the financial profitability, using NPV and IRR as indicators. The results of estimated sludge
nutrient contents were 16.2 g N, 2.9 g P, and 2.4 g K kg-1 of dry sludge. The sludge
application rate was estimated at 1.36 Mg/ha in the first year. The total cost of the use of PPM
sludge involved transport and spreading cost of US$49.15/dry ton. The fertilization cost
applied in the financial model was designed in 3 different options and their results were as
follows: option (1) was taken directly from the reference research (US$97/ha); option (2) was
the use of sludge alone (US$66.75/ha); and option (3) was the use of sludge and TSP fertilizer
(US$83.80/ha). The average NPV without discounting was US$248,180 while the IRRs
ranged between approximately 3-4% with an average of 3.63%. Although option (2) and (3)
contributed to higher IRRs compared to option (1), this increase was still not significant as the
IRR was not sensitive to the total fertilization cost. The advantages are that this practice can
be performed at a lower cost and the application rate can be still increased if necessary. It is
better for forest plantations compared to agriculture and consequently supports reforestation
program. In addition, it can be similarly applied in wood biomass production. A disadvantage
is that the IRRs were not very favorable compared to the criterion of 11%. The sludge high in
C:N ratio can cause nitrogen immobilization, and regulatory concerns may restrict and
complicate the use of sludge landspreading and contribute to additional costs and processes.
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1 INTRODUCTION
The introduction firstly presents background and environmental problems related to the topic
being studied. The issues leading to the use of recycled nutrients in fast growing pulpwood
production are also introduced. The research problem, objectives, and questions are then
stated. The research design and methodology are lastly presented in this chapter.

1.1 Background
Natural resources such as air, plants, forests, and animals can be considered as regenerative
resources, while fossil fuels (e.g. petroleum, coal, and natural gas) are regarded as nonrenewable resources. Nevertheless, both regenerative and non-renewable natural resources are
now over utilized due to the increasing world demands for these resources to serve the neverending needs of humans. The overexploitation contributed by human activities definitely
leads to the destruction of the overall natural resources. Moreover, the projected human
population by UN (2013) of almost 10 billion in 2050 ensures that this situation will continue
to happen. One of the major human needs is lands for the use in agriculture, grazing,
urbanization, and infrastructure, which contributes to clearing of natural vegetation and
forests. This overgrazing or deforestation consequently causes degradation of vegetation.
(Ding 2003.)
The vegetation degradation is usually regarded as a decline in available vegetation and
vegetative ground cover. The term is not only applied with a reduction in quantity of
vegetation but also in quality. The degradation of vegetation is generally a major factor
contributing to soil degradation which possibly causes the lands to have less value from an
agricultural point of view due to its lower livestock carrying capacity. A particular form of
vegetation degradation is the replacement of tropical forests with Imperata cylindrica
grasslands. This form can be seen in affected areas caused by forest clearing in some AsiaPacific countries such as Indonesia and the Philippines (Scherr and Yadav 1996 in FAO
1999). Poor soil management from agriculture activities then led to soil degradation by the
invasion of Imperata. This grass is a typical weed which is extremely difficult to control,
prevents the crops from growing, and often finally causes the lands to become field
abandonment. (FAO 1999.)
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Nonetheless, forest decline and damage has happened around the world. It has not only
affected in environmental point of view, but also in economic and social aspects. The pressure
on natural forest ecosystems has been raised and the negative impacts from deforestation and
decline in forest quality are demanded to be offset. Reforestation by plantation establishment
is a solution for forest regenerations, and possible although the lands perform poor
productivity of natural tree growing. In addition, it is noteworthy for the lands where there are
no other alternative uses. Imperata grasslands are regarded as having the mentioned
conditions, so plantation establishment is considered as a good practice. In Indonesia, large
areas of former forests became Imperata grasslands, and these lands have been proved that
they have potential for fast growing plantations of wood raw material production with an
acceptable range of growth rate. (Kosonen et al. 1997.)
The regenerated forests with fast growing plantations normally involve a few tree species
expected to produce only forest products that possibly contribute to the well-being of local
communities (Lamb and Gilmour 2003). For example in Indonesia, a part of such degraded
forest areas was rehabilitated by the use of fast growing trees (e.g. Acacia mangium, Acacia
crassicarpa, and Gmelina arborea) to serve as local commercial supply of wood products for
pulp and paper mills (Kosonen et al. 1997; Krisnawati et al. 2011). Even though the wood
products are commonly used in pulp and paper production, they also have potentials for sawn
timber, furniture and wood biomass (Cossalter and Pye-Smith 2003). Therefore, the degraded
lands can significantly produce such commercial products and consequently lead to financial,
economical, and environmental benefits to the local communities.
Regarding the cost structure of pulp production; the cost of wood fibers accounts for the
largest share. Fibers were 30-40%, and sometimes more than 50% of the total pulp
manufacturing costs depending on various factors (Jaakko Pöry 1995, 45). This situation can
still be seen in the pulp production worldwide nowadays (Andritz 2013, 9). Considering both
pulp and paper production, fibers are still the biggest cost factor. An example of the average
weighted cost structure in 2005 from the Confederation of European Paper Industries (CEPI
2006, 3) is presented in Figure 1.
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13%
Fibers
32%
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Energy

18%

Figure 1. Example of average weighted cost structure of paper industry. (Jaakko Pöyry Consulting in CEPI
2006, 3)

Moreover, pulp and paper industry is one of the most intensive freshwater consumers
globally. The water is used in pulp making and processing, and the associated processes of
pulp washing, cooking, and bleaching. (Ravi 2002.) The water is also used for the preparation
of paper making fibers, to dilute the pulp in order to form slurry. The slurry contains
approximately 99.5% of water whereas 0.5% of pulp fiber. (Bajpai 2012.) At the end of the
concerned processes, significant amounts of water are ultimately remained as wastewater or
effluents (Oral et al. 2005). For instance, a typical pulp mill with sulphite pulping in
association with conventional bleaching process generated wastewater loads as high as 200
m3 per ton of pulp produced (Keskitalo and Leiviskä 2010, 3). The proper treatments are then
required prior to wastewater disposal or reuse.
Pulp mills then have to discharge large quantities of treated effluents to natural water systems
such as lakes and rivers. The effluents contain complex compounds including contaminants,
which possibly cause adverse impacts on aquatic organisms and food webs. (McLeay 1987;
Bothwell 1992; Lowell et al. 1995 cited in Culp et al. 2000.) Additionally, not only
wastewater, several types of waste are also generated during pulp and paper production
processes. Sludge is one of the wastes, which comes from different production and
wastewater treatment processes. For instance, the production of 1 ton of paper at a paper mill
generates 40–50 kg of dry sludge. (Bajpai 2015.)
Sludge then has to be disposed such as by sending directly to landfill (Bajpai 2015). However,
there are various possible sludge management options, and some of them can be considered as
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having high benefits in other applications. For instance, sludge can be used for the purposes
of soil conditioning, incineration, composting, and fertilizing. Considering fertilizing, pulp
and paper mill sludge mainly contains organic matter and it is notably rich in some of the
useful nutrients for tree growth, which are nitrogen and phosphorus. Additionally, there is an
increasing concern over the excessive use of artificial fertilizers in agriculture, as it has
resulted in a large number of environmental problems (Savci 2012). On the grounds of those
mentioned reasons, the application of pulp and paper mill sludge in agriculture and forestry as
fertilizers or a source of nutrients has been acknowledged.

1.2 Research Problem, Objectives and Questions
There is a significant potential for the use of pulp and paper mill sludge in agriculture and
forestry lands as it is a healthy source of necessary nutrients for tree growth. Additionally,
forest regenerations are needed to offset the negative impacts from deforestation. Forests are
considered regeneratable, and the regenerations can be done through plantation
establishments. Therefore, it is intensely interesting to utilize those useful nutrients richly
contained in pulp and paper mill sludge as a substitute for chemical fertilizers, especially in
the plantations of fast growing pulpwood, where the woods are produced to serve back as raw
material in pulp and paper manufacturing. By merging this framed idea, it is possible to
improve the closed-loop system for the production of pulpwood and pulp and paper.
Furthermore, when the plantations are established through the reforestation program, it
significantly leads to environmental benefits in various areas of concerns. The possible
benefits to the environment can be obtained from the consequences of the reforestation, less
use of artificial fertilizers, reduction in the sludge disposal quantity, and the advantages from
the properties of the sludge itself. However, it might be challenging to gain attractive financial
benefit through this practice as the establishment of a forest plantation requires heavy
investment (Kosonen et al. 1997). Therefore, feasibility study of the use of recycled nutrients
from pulp and paper mill sludge in fast growing pulpwood production is intensely aimed to be
carried out considering the costs of this practice and its financial profitability.
An earlier research in 1997 by Kosonen et al. has estimated the financial profitability of fast
growing pulpwood production in South Kalimantan, Indonesia. According to the mentioned
research, the associated investment and production costs of fast growing pulpwood plantation
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in that study area were previously compiled, and used as basic cost data in this study. The
main objectives of this study are to evaluate the total cost of the use of recycled nutrients from
pulp and paper mill sludge and the financial profitability of this practice in fast growing
pulpwood production. Additionally, this study is aimed to observe the factors and their
associated costs for evaluating the total cost of the use of recycled nutrients from pulp and
paper mill sludge in fast growing pulpwood production. Thus, the main objectives and their
relevant sub-objectives in response to the research problem are stated as follows:
1. To evaluate the total cost of the use of recycled nutrients from pulp and paper mill
sludge in fast growing pulpwood production.
a. To estimate the nutrient contents in the sludge to be used.
b. To define the nutrient requirements of a specific tree species, and to estimate
the amount of sludge to be transported and the sludge application rate to be
applied, in relation to the estimated sludge nutrient contents and tree nutrient
requirements.
c. To estimate the associated costs of the use of recycled nutrients from pulp and
paper mill sludge in fast growing pulpwood production, in relation to the
defined cost factors and the estimated sludge application rate.
2. To evaluate the financial profitability of fast growing pulpwood production with the
use of recycled nutrients from pulp and paper mill sludge, in comparison with the
basic data.
a. To evaluate the IRRs of the financial analyses.
b. To evaluate the NPVs of the financial analyses.
In order to clearly specify research questions in response to the research objectives of this
study, the research questions are stated as follows:
1. What is the total cost of the use of recycled nutrients from pulp and paper mill sludge
in fast growing pulpwood production?
a. What are the nutrient contents in the sludge to be used?
b. What are the nutrient requirements of the selected tree species, and what are
the amount of sludge to be transported and the sludge application rate to be
applied, in relation to the estimated sludge nutrient contents and tree nutrient
requirements?
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c. What are the associated costs of the use of recycled nutrients from pulp and
paper mill sludge in fast growing pulpwood production, in relation to the
defined cost factors and the estimated sludge application rate?
2. What is the financial profitability of fast growing pulpwood production with the use of
recycled nutrients from pulp and paper mill sludge, in comparison with the basic data?
a. What are the NPVs of the financial analyses?
b. What are the IRRs of the financial analyses?

1.3 Research Design and Methodology
Research design and methodology are described in this section. Research design presents the
systematic approaches to perform the overall study, whereas research methodology focuses on
the specific processes in order to answer the research questions. The feasibility of the use of
recycled nutrients in fast growing pulpwood production was aimed to be carried out, thus the
general main steps to integrate this framed idea were designed as follows (see Figure 2,
research design model).

Identify the research problem and justify its selection;

Clearly specify research objectives and questions central to the research problem, and
introduce research methodology with regards to the research questions;

Review previously published literature associated with the topic;

Effectively describe the data necessary and adequately for answering the research
questions, and explain how such data will be obtained and used;

Describe the methods of analyses to be applied in order to answer the research
questions.
Figure 2. Research design model. (Adapted from De Vaus D. A. 2001 in USC Libraries 2015)
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This study has two major research questions. In order to answer those questions, the following
research methodology is intended. Firstly, to estimate the nutrient contents in the sludge to be
used, sludge characteristics are expected to be collected as secondary data through a previous
research. Nutrient requirements are then aimed to be defined concerning the requirements of a
selected fast growing tree species. The fast growing pulpwood plantation was designed
considering its rotation period and years, and planting area. Afterwards, the amount of sludge
to be transported and the rate to be applied at the designed plantation must be estimated in
response to the estimate of sludge nutrient contents and the defined tree nutrient requirements.
The associated costs are intended to be estimated according to cost data collected through
different secondary sources and defined cost factors for the application of pulp and paper mill
sludge in agriculture based on a previous study. By following this research methodology, it is
then possible to evaluate the total cost of the use of recycled nutrients from pulp and paper
mill sludge in fast growing pulpwood production, thus the first research question can be
answered.
Additionally, financial methodology is important when evaluating the financial profitability
of fast growing pulpwood production concerning as well the use of recycled nutrients from
pulp and paper mill sludge. The specific financial methods are described in chapter 3. Since
the basic cost data of fast growing pulpwood production used in this study is intended to be
acquired from the previous study by Kosonen et al. (1997), the results considering financial
profitability involving the answers from the first question are expected to be analyzed and
presented mostly as comparisons with the results from the basic data alone. However, the
mentioned reference research revealed that the financial profitability of the fast growing
pulpwood production previously studied was not very promising. Therefore, this study is
carried out based on the assumption that it also does not generate notably financial
profitability but the principal idea is to present the potential of the use of pulp and paper mill
sludge as a nutrient source in fast growing pulpwood plantation, by comparing the results
from this study with those from the reference research and discussing this practice in further
aspects apart from financial.

2 LITERATURE REVIEW
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This study reviewed several of literature related to the topic being studied. The generation of
sludge in pulp and paper mills was firstly reviewed, presenting by the major types of sludge
commonly treated. The sludge disposal options and alternative uses were briefly summarized
aimed to present the different existing solutions and discuss their advantages and
disadvantages. Pulp and paper mill sludge in terms of agriculture including forestry use was
then highlighted in the next section. Afterwards, the major issues related to fast growing
pulpwood plantation and tree nutrient requirements were reviewed. The different transport
means were discussed in response to transportation of sludge. Lastly, the sludge application
practices were discussed focusing on sludge landspreading on farm lands.

2.1 Generation of Sludge in Pulp and Paper Mills
Several types of wastes are produced during pulp and paper production processes. Sludge is
one of the generated wastes, resulted from different production processes and wastewater
treatment units (Bajpai 2015). The sludge is mainly regarded as deinking, primary, secondary
or biological, and combined sludge. Table 1 presents the different types of solid waste
including sludge from pulp and paper mills separately, and the explanations of deinking,
primary, and secondary or biological sludge (based on Monte et al. 2009; IPPC 2001;
CANMET 2005 cited in Bajpai 2015; Bajpai 2015) are described following the table.
Table 1. Different sources of solid waste generated in pulp and paper mills. (Adapted from Bajpai 2015)

Pulp mills

Paper mills

Rejects

Rejects

Green liquor sludge, dregs

Deinking sludge

and lime mud

Primary sludge

Wastewater treatment sludge

Secondary or biological sludge

o Primary sludge
o Secondary sludge
Chemical flocculation sludge
Primary sludge
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Primary sludge is remained after the capture of solids in the primary treatment of wastewater,
typically primary clarification. Approximately 80% of the total suspended solids remained in
the wastewater that enters the treatment process are transferred to primary sludge, so that the
sludge has relatively high solid contents. Primary treatment is mainly processed by
sedimentation method, but a flotation method can be also applied. Basically primary sludge
contains both organic and inorganic matter, for example; wood fibers, clay, lime, and other
chemical fillers, depending on the processes of pulp and paper being produced (Carpenter
1998).
Secondary or biological sludge
Secondary or biological sludge is generated in the secondary clarifier, typically the biological
units of the wastewater treatment, which can be aerobic lagoons, activated sludge systems,
anaerobic treatment or sequential biological treatment. It mainly contains organic matter, and
the volumes are relatively lower than those of the primary sludge, due to high removal of the
heavy, fibrous and inorganic solids in the primary clarifier. Compared to primary sludge,
secondary sludge is more difficult to handle and dewater, so it is sometimes needed to be
mixed with primary sludge (referred as combined sludge) prior to dewatering.
Deinking sludge
Deinking sludge is generated during the recycling processes of inked paper (excluding
packaging production). The residues which enter the treatment of this sludge mainly contain
fines, coatings, fillers, ink, extractive substances and deinking additives. The separation of ink
and fibers can be done by flotation process. This sludge can be contaminated as it previously
contains ink particles, a source of heavy metals. The resulting deinking sludge possibly
contains minerals, ink and cellulose fibers as they are too small to be captured by filters.
Figure 3 is presented in order to observe the proportion of pulp and paper mill sludge
representing by their treatment types. The bar graph was created based on the data from a
previous research by Camberato et al. in 2006 which has presented the estimates of proportion
of paper mill sludge production by type of treatment from 4 different sources cited in the
mentioned research. Numbers 1 to 4 in the Figure 3 are described as follows.
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1 US – 1995 Sludge as produced (NCASI 1999)
2 US – 1995 Sludge as managed (NCASI 1999)
3 Canada – 1995 (Reid 1998)
4 Québec – 2002 (Environnement Québec 2004a)

90%

87%

85%

80%
70%
54%

60%
50%

Primary
42%

40%

Deinking

40%

Secondary
26%

30%
20%
10%

Combined

18%
9%

12%
5%

9%
5%
1%

0%
1

2

3

4

Figure 3. Estimates of proportion of paper mill sludge production by type of treatment.
(Adapted from Camberato et al. 2006, 642)

In the Figure 3, number 1 and 2 are the data from the same source (NCASI 1999 cited in
Camberato et al. 2006), representing sludge as produced and managed respectively. It shows
that significant percentages of primary and secondary sludges were finally treated as
combined sludge (54%). Number 4 also shows that in Québec in 2002 (Environnement
Québec 2004a cited in Camberato et al. 2006), the overall sludge was also treated as
combined sludge, resulting in the final combined sludge of 85%.

2.2 Sludge Disposal and Alternative Uses
Pulp and paper mill sludge, similarly to sewage sludge, have several disposal methods and
alternative uses. Even though their characteristics are not entirely the same, but they share
some of the disposal and application options which can be similarly applied in both cases.
This section mainly included reviewing a study by EEA in 1997 with the topic of sludge
treatment and disposal, regarding sewage sludge.
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Landfill
In the case of sewage sludge, Béla Déak in EEA (1997, 36-41) stated that it is necessary to
always take into consideration that even though the most careful operation of siting landfills is
performed, there is still a risk of subsurface pollution. As a result of that, landfilling of sludge
is subject to strict regulations and specifications. However, only a few types of waste and
sludge from pulp and paper mills such as rejects and some inorganic sludge are sent to
landfills (Bajpai 2015).
Composting
Pulp and paper mill sludge can be composted. The major concerns are nutrients and
temperature control. Due to its high carbon to nitrogen (C:N) ratio and some additions of
nutrients prior to composting, nutrient loss by leaching can occur and may result in water
pollution. (Anon. 1997.) Sludge composting is aimed to improve the sludge quality for other
end uses such as in agriculture and incineration. Nonetheless, it may be not economical to
first compost the sludge and then sent it to incineration plants. (Isabelle Coulomb in EEA
1997, 22.)
Incineration
Sewage sludge can be treated by incineration with typically designed or municipal solid waste
incinerators, conditionally upon the tolerance of each type (Coulomb and Myrope in EEA
1997, 31). Likewise pulp and paper mill sludge, it can be practically treated by incineration as
a low heating fuel source. High grade of primary sludge can be incinerated, while it is also
possible for secondary sludge to be incinerated in existing boilers. However, due to the low
solid contents of secondary sludge, the boilers can often poorly generate steam. (Bajpai 2015.)
As incineration method usually requires heavy investment and subject to high standards, it is
considered as the last mean of sludge treatment when the other methods are not possible
(Coulomb and Myrope in EEA 1997, 31).
Ethanol
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Pulp and paper mill sludge is also an attractive biomass feedstock for the production of
fermented products such as ethanol, due to its high carbohydrate compounds (e.g. cellulose
and hemicellulose). Apart from that, it has some other advantages. For instance, it requires no
pre-treatment for making it amendable to enzymatic hydrolysis since it is previously prepared
through mechanical and chemical processes of pulping during refining, bleaching, and drying.
However, there are also some disadvantages by the use of pulp and paper mill sludge in the
ethanol production processes. For example, the operation of using pulp and paper mill sludge
as a feedstock in ethanol production can be difficult and requires complicated equipment. (Lin
et al. 2011.)
Utilization in agriculture and forestry
Alice Saabye in EEA (1997, 20) mentioned that the purpose of applying sewage sludge in
agriculture and forestry is generally to utilize some degrees of organic substances and
nutrients such as nitrogen and phosphorus contained in sludge, for soil improvement and
increasing crop yields. Similarly to pulp and paper mill sludge, it contains great amounts of
useful nutrients for tree growth which are considered recyclable, and can be used for the
mentioned purpose. In addition, compared to sewage sludge, chemical analyses of pulp sludge
indicate that it has relatively low concentrations of possible pollutants such as heavy metals
and organic contaminants (Carpenter 1998). Therefore, the potential of pulp and paper mill
sludge as a source of nutrients or substitute for artificial fertilizers in agriculture and forestry
is notably high. Sludge has the advantage of slow-released nutrients due to the decomposition
of organic matter in the sludge, allowing trees to slowly absorb the nutrients, which is
beneficial for forest crops since their production cycles are relatively long. Sludge application
on forest plantations has much lower risks compared to the use in food agriculture as forest
crops are not intended for the human food chain. Additionally, due to the great ability of root
system of forest crops, it maintains the nutrients in the ecosystem well so that the risk of
nutrient losses by leaching and erosion are low. (Benedetti 2014.)
Nevertheless, if the amounts of generated sludge are high, the combination of different
disposal and end-use options is more beneficial rather than a single one. Especially pulp and
paper mill sludge, an acceptable range of sludge quality can be recycled back as a feedstock
or source of fibers to the associated production processes, meaning that the sludge is not
always disposed or sent out from its production system. Therefore, the study of sludge
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characterizations in response to the available disposal options and alternative uses with
careful selections are needed in order to provide the most economical and environmental
solution of sludge management.

2.3 Pulp and Paper Mill Sludge in Terms of Agriculture and Forestry Use
Pulp and paper mill sludge is one of the organic residuals having benefits in agriculture and
forestry as soil amendments and a source of nutrients. Considering pulp and paper mill
sludge as a tree nutrient source, its nutrient contents vary depending on the types of sludge
concerning the treatment methods. Nitrogen (N) and phosphorus (P) are commonly added
during the secondary wastewater treatment, since they are the nutrients necessary for
microbial metabolism in the biological processes. As a consequence of that, there is a
significant rise in N and P concentrations in the secondary sludge, resulting in higher contents
of N and P compared to those in primary sludge. (Bellamy et al. 1995 in Carpenter 1998.) In
general, pulp and paper mill sludges are mechanically dewatered to provide the increase in
solid contents, reduction in volume, and improvement in properties prior to handling. As
secondary sludge is usually difficult to handle and dewater, primary and secondary sludges
are then often combined to allow adequate dewatering. (Carpenter 1998.) However, pulp and
paper mill sludge does not generally consist of significant amounts of potassium (K) (Logan
and Esmaeilzadeh 1985; Zibilske 1987; Feagley 1994a in Carpenter 1998). Even though pulp
and paper mill sludge basically contains sufficient amounts of useful nutrients for tree growth,
a study by National Council of the Paper Industry for Air and Stream Improvement (NCASI
1984b cited in Carpenter 1998) found that pulp sludge was still lower in N, P and K in
comparison with biosolids, animal manures and commercial fertilizers.
A research by Camberato et al. (2006) found that the use of pulp and paper mill sludges
beneficially improved soil properties which are soil organic matter and biological processes,
soil bulk density and aggregation, soil water holding capacity, cation exchange capacity and
liming benefits. The research has been conducted with different types of sludge (i.e. primary,
combined, deinking, and composted), crops, and soil. The significant responses were detected
at high sludge application rates used in the field experiments, while soil had shown little to no
response to low sludge application rates. For instance, concerning soil organic matter, an
annual rate of 225 Mg ha–1 had large and persistent effects on soil properties, more than
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doubled soil C from its initial value of 4%. At relative lower rates of 13 and 26 Mg ha–1 of
primary clarifier sludge applied to a silt loam soil, they contributed to liming benefits
increasing the soil pH of the upper 15 centimeter depth by 0.4 and 0.8 units respectively
(Legendre et al. 2004 in Camberato et al. 2006).
Although pulp and paper mill sludge contains useful nutrients for tree growth, the use in
plantations can be sometimes complicated due to its characteristics. The factor most important
to limit the increase in crop yields consequently caused by the use of pulp and paper mill
sludge is nutrient immobilization (Camberato et al. 2006). Immobilization or demineralization
is the process that converts inorganic compounds to organic compounds, the reverse reaction
of mineralization, and generally occurs when the source of organic matter has low nutrient
contents. For example, with a high C:N ratio (above 30:1) of an applied organic residue,
nitrogen can be immobilized in the soil preventing N from being accessible by plants, and the
plants can suffer from nitrogen deficiency. (McClellan 2007.) Deficiency in nitrogen most
frequently occurs, while the cases of phosphorus and potassium possibly happen but the
frequency of occurrence is not widely acknowledged (Camberato et al. 2006). Primary pulp
and paper mill sludge is usually higher in C:N ratio, reflecting the high elements of wood
fiber profile being captured during primary treatment, and usually accounting for the largest
portion of this sludge type (Carpenter 1998; Bajpai 2015). Considering the use of pulp and
paper mill sludge in plantations, combined sludge possibly provides more advantages from
the mixed properties. As secondary sludge assists in increasing N and P contents while
primary sludge facilitates dewatering and handling capability.

2.4 Fast Growing Pulpwood Plantations
Plantations are normally established for a variety of purposes and differ in their compositions
and management. Fast growing plantations are intensively managed as commercial
plantations, using a few species of trees which are capable of producing industrial round
wood at high growth rates (Mean Annual Increment (MAI) of more than 15 m3 per hectare),
and harvested in less than 20 years. The main products are, but not limited to, pulpwood and
charcoal. The plantations can be owned by large companies or small-scale estates.
Establishment of plantations is generally considered as environmentally friendly because trees
have many benefits to the environment and social. Trees basically convert water, sunlight and
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carbon dioxide into wood as well as produce oxygen. It is often claimed that large areas of
trees such as forests can balance the water cycle, stabilize steep slopes against erosion, and
prevent flooding. Moreover, trees also provide natural habitats for creatures, and even humans
have to rely on trees products (e.g. timbers, firewood, resins, and etc.). Nonetheless, in recent
years, rapid expansions of large-scale commercial fast growing plantations have brought
significant environmental problems. Especially in some developing countries such as Brazil
and Indonesia, environmentalists argue that those fast growing plantations have been causing
harm to the environment such as wildlife, soil, and water resources. Because the plantations
have been taken place over the natural forests which previously provided the local
communities with the means to feed themselves and adequately earn a living. (Cossalter and
Pye-Smith 2003.)
Due to the mentioned critics, site selection for fast growing plantations is an issue seriously
considered. However, Indonesia had large areas of natural forests which were turned into
Imperata grasslands caused by clearance of former forests, and often finally regarded as field
abandonment since they became poorly productive lands. Thanks to several researches, these
lands have been proved that they have potential for fast growing plantations of wood raw
material production with a satisfactory growth rate (Kosonen et al. 1997). This practice
optimizes the most use of the lands where they have poor productivity of natural trees
growing and no other possible alternative uses. Thus, by establishing fast growing plantations
on Imperata grasslands, it does not destroy the existing natural forests and their ecosystems,
conversely, improves the unused lands and to be considered as reforestation. The
regenerations of forests by establishing fast growing plantations normally include a few fast
growing tree species which are expected to produce one or two forest products potentially
contributing to the well-being of local communities, rather than a wide range of goods. For
the plantations of fast growing pulpwood production, the utilizable woods can be the products
of specific trees species such as Acacia mangiam (A. mangiam) and Acacia crassicarpa (A.
crassicarpa). (Lamb and Gilmour 2003.)
A. mangium is a promising fast growing tree due to its favorable properties including high
growth rate, tolerance of the planting site conditions, and wide varieties of wood product
applications (National Research Council 1983). Moreover, the fact that A. mangium is one of
the best tree species used in fast growing plantation forestry programs has been revealed. The
Indonesian Ministry of Forestry in Subanjeriji (South Sumatra, Indonesia) has tested 46 tree
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species in the trials, and found that A. mangium was the most suitable plantation species for
the marginal sites (Arisman 2002; 2003 cited in Krisnawati et al. 2011). When the planting
locations are Imperata grasslands, the sites are commonly burnt to remove the grass for site
preparations. In the first few years of A. mangium lives, they can be killed by fire. While in
the older ages, they can be killed only if the surrounding tree bases are covered by
exceptionally thick grass and weed. Therefore, proper plantation management such as fire
protection and weeding techniques for typical planting sites and tree species are important to
avoid possible damage. (National Research Council 1983.)
A. mangium wood is commonly processed as woodchips, to be used in the production of pulp
and paper, and other applications such as particle boards and crates. Due to its excellent paper
making properties, the woodchips provide satisfactory high pulp yields with the plantation
periods of about 7 to 9 years. A. mangium can be also made as furniture, door frames, and
window parts. Its calorific value of 4,800–4,900 kcal/kg allows the wood to be processed as
firewood and charcoal and considered as a good fuel. (National Research Council 1983.) In
Indonesia, some of the Imperata grasslands were rehabilitated by the establishments of fast
growing plantation of A. mangium, to serve as local commercial supply of pulpwood for pulp
and paper mills (Krisnawati et al. 2011.) The pulpwood products are used as raw material in
pulp making processes by being converted to wood fibers which generally represent the
largest share of the total pulp manufacturing costs (Jaakko Pöry 1995).

2.5 Tree Nutrient Requirements
Acacia mangium is the selected tree species to study the nutrient need for its growth, due to its
relation to the study of fast growing pulpwood plantation mentioned in the previous sector.
Considering the requirements of nutrients for A. mangium in relation to fertilizers, a study
conducted by National Research Council (1983) stated that on most sites in Sabah, Malaysia,
fertilization had small effect to A. mangium trees. Therefore, the plantations of A. mangium
did not usually require fertilization. This benefit leads to lower fertilizer cost and other
associated costs such as machines and labors. Nevertheless, initial fertilization was still
needed for soil conditioning in case of poor soil conditions. Moreover, the study by Otsamo et
al. (1994) ensured that the initial fertilization applied in reforestation of Imperata cylindica
grasslands, Indonesia, had real effects to the growth of this tree species. The highest growth
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rate of A. mangium was the result of the combination of mechanical site preparation by
plowing and NPK fertilization.
Simpson (1992) in Srivastava (1993, 132) found that the suitable amounts of NPK fertilizers
applied to improve the early growth ability of A. mangium can be an annual rate of for
example; 100 kg/ha of N, 50 kg/ha of P, and 50 kg/ha of K in Dongmen China. In Kalimantan
Indonesia, Adjers and Luukkanen (1988) in Srivastava (1993, 131) concluded that the supply
of triple phosphate at the rate of about 5-30 kg/ha P was important for the initial period,
significantly increased the growth in height compared to those without this fertiliser.
Moreover in this study area, the applications of 12 kg/ha N and 10 kg/ha P, in addition with
10 kg/ha each of N, P, and K leaded to the major responses from the trees, improving both in
height and mean diameter.

2.6 Transportation of Sludge
Transportation is an important cost factor in sludge management as it significantly affects to
the total management costs. Ludovico Spinosa in EEA (1997, 17-19) has summarized the
different transportation options for sludge regarding sewage sludge, reviewed in this section.
The common sludge transportation modes are rail, barge, pipeline, and truck. The most
economical option mostly relies on the sludge quantity and transport distance driving that
option optimum. The traffic, locations, and geographic conditions of the disposal or
application sites also have to be taken into account when selecting sludge transport method.
Transporting large quantities of sludge by rail or barge is convenient for relatively long
distances. Nevertheless, in such cases, the accessible of waterways or railways and their
connections to the disposal or application sites are the preconditions concerned. Pipeline is
also a method favorable for transporting large amounts of sludge. However, this option has a
limitation on sludge property as it is only suitable for transporting sludge with low solids
concentration, basically less than 10%. The major disadvantages are the high capital costs in
piping and other auxiliary systems, and long construction and installation time of such
systems. The changes in transporting routes are then difficult to be managed. In the case that
continuous operation is needed, shutting down during maintenance and repair works can be
the drawbacks. The design of the pipeline can be also complicated.
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Considering all of the reasons mentioned above, transportation of sludge by haul truck is the
method most widely used, especially for small to medium size sludge treatment plants (EEA
1997, 18). The primary advantages are the fact that it requires low investment costs and
provides more flexibility compared to the other means of transportation. The planning of
routes of collection and terminal sites can be easily arranged.

2.7 Sludge Application Practices
The amount of sludge applied on agriculture fields or plantations varies depending on the
nutrient requirements for the crops being grown, which would affect to the selection of sludge
transportation and application practices. Sludge is most commonly hauled by truck; and truck
also provides an advantage regarding sludge application on farm lands as the same truck can
be used for sludge landspreading. Sludge can be hauled by a truck and applied by direct truck
spreading using a spreader or injection system. Additionally, sludge can be pumped from the
truck into a sprinkler system, and the sprinklers are then moved around the fields manually.
Comparing spreading and injecting method, the injection has greater advantages that it
reduces the occurrences of odors and sludge loss possibly caused by erosion and nutrients loss
to the atmosphere. However, the injection requires more power for operating the machines
involved. The spreaders or sprinklers are simpler and consume less energy, but the sludge
spread on the surface may be required to be plowed under. In order to ensure an accurate
sludge quantity being spread or injected according to nutrient requirements of the crops, the
sludge has to be uniformly applied with an appropriate application rate which can be adjusted
on the operating device. (Anderson et al. 1977.)
However, Anderson et al. (1977) in a study on cost of landspreading and hauling sludge from
municipal wastewater treatment plants, stated that generally among their case studies of 24
cities in the United States, liquid sludge landspreading systems on farm lands were considered
acceptable and satisfactory by the farming communities, regardless of the transportation or
application methods employed although there was a wide variation in the effectiveness of
different systems.
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3 MATERIALS AND METHODS
The materials used in this study are the combination of quantitative and qualitative data
collected through different available secondary sources. The data is based on the premises
mainly of previous researches, and partly of statistics. The starting point for evaluating the
total cost of the use of recycled nutrients from pulp and paper mill sludge in fast growing
pulpwood production is to estimate nutrient contents of the sludge to be used based on
selected sludge characteristics acquired through the data collected by Rashid et al. (2006, 8889). Afterwards, it is aimed to estimate an application rate based on to the estimated sludge
nutrient contents and the defined tree nutrient requirements. The key method for analyzing the
associated cost factors was based on a previous study by Alice Saabye in EEA (1997, 21).
The costs in response to those factors were estimated based on the secondary data available
from different related studies, presented as results. Since the other main objective is to
evaluate the financial profitability of the use of recycled nutrients from pulp and paper mill
sludge in fast growing pulpwood production, financial methodology was considered. The
main data to perform the financial profitability is the investment and production costs of fast
growing pulpwood plantation, which were directly acquired from the previous research by
Kosonen et al. (1997), and used as the basic cost data. However, the cost model was designed
differently in relation to the designed plantation. Only the fertilization cost was expected to be
adjusted in the cost model by the estimated total cost of the use of recycled nutrients from
pulp and paper mill sludge in fast growing pulpwood production, but the comparisons with
the results from the original basic data were intended.

3.1 Characteristics of Pulp and Paper Mill Sludge
Sludge characteristics are the parameter important to estimate the nutrient contents in the
sludge to be used this study. The sludge characteristics in this study were based on a
secondary data from the previous research carried out by Rashid et al. (2006, 88-89). The
reference research has presented chemical analyses of paper mill biosolids collected from
several different sources cited in the mentioned research. The analyses were specifically
performed based on primary and de-inking paper mill biosolids from 3 different sources
(Goss et al. 2003; Atiken et al. 1998; Simard et al. 1998) as presented in Table 2, in addition
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with combined paper mill biosolids from the other 3 different sources (Simard 2001; Atiken et
al. 1998; Simard et al. 1998) presented in Table 3.
Table 2. Chemical analysis of primary and de-inking paper mill biosolids from different sources. (Rashid et al.
2006, 88-89)
Analysis
EC (mS cm-1)

Goss et al., 2003

Atiken et al., 1998

Simard et al., 1998

(n=3)

(n=1)

(n=3)

0.39 - 0.87

-

0.09 - 0.20

7.7 - 8.2

7.7

7.8 - 9.1

39.7 - 49.0

31.5

-

Organic Carbon (g kg dry)

29.7 - 33.4

31.8

42.3-44.2

-1

0.27 - 0.73

0.37

0.15

42 - 124

86

284 - 292

0.072 - 0.093

0.08

0.0096 - 0. 0097

0 - 0.09

0.20

0.0029 - 0.0034

2.86 - 5.85

-

0.46 - 0.56

0 - 0.06

0.235

0.026 - 0.031

0.05 - 0.06

-

0.073 - 0.084

pH
Dry matter (% dry)
-1

Total N (g kg dry)
C:N ratio
-1

Total P (g kg dry)
-1

Total K (g kg dry)
-1

Total Ca (g kg dry)
-1

Total Mg (g kg dry)
-1

Total Na (g kg dry)

Table 3. Chemical analysis of combined paper mill biosolids from different sources. (Rashid et al. 2006, 88-89)
N’Dayegamiye et
al., 2003
(n=3)

Gagnon and Ziadi,
2004
(n=8)

7.9-8.0

6.4-6.8

5.2-8.4

28-32

32.4-28.5

21-41

347-496

384-397

350-530

11.8-12.4

25.2-29.8

9-36

28-42

13-15

11-46

0.5-0.8 (PO4-P)

3.01-4.0

1.4-7.8

1.8-4.6

1.01-2.1

0.5-4.6

2.1-2.6

6.1-48.5

1.5-29

0.6-2.2

0.8-0.9

0.4-2.2

Simard, 2001

Analysis

(n=2)
pH
Dry matter (% dry)
-1

Organic Carbon (g kg dry)
-1

Total N (g kg dry)
C:N ratio
-1

Total P (g kg dry)
-1

Total K (g kg dry)
-1

Total Ca (g kg dry)
-1

Total Mg (g kg dry)

3.2 Pulpwood Production Costs and Cost Model
The selected area for the analysis of the investment and production costs of fast growing
pulpwood plantation was South Kalimantan, Indonesia, according to the data available from
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the reference study in the mentioned area by Kosonen et al. (1997). This data was previously
collected by reviewing previous studies, and interviewing filed manager and Finnish
harvesting experts working in South and West Kalimantan during February and March 1996.
The basic cost data included establishment costs, variable costs, fixed costs, investments and
roundwood price, presented in Table 4. Due to some uncertainty of the information, some of
the data was adjusted from the reference research but consistently used in this study.
Table 4. Basic cost data of fast growing pulpwood production. (Adapted from Kosonen et al. 1997, 248-251)
Cost item

Remark

Establishment cost

US$/ha

Site preparation

213

1st year

Seedlings and their transport

12

1st year

Planting

18

1st year

Fertilization

97

1st year

Weeding

30

1st and 2nd year

3

3 year till end

Supervision

75

1st year

US$/m3
Reforestation fee
Fixed Cost

10.3

Last year

(harvesting year)

Interviews, 1996

1.5

Last year

(harvesting year)

World bank, 1993
Rissanen, 1995

US$/year
st

15,525

1 year

Fixed harvesting costs

53,865

Last year

800

First 5 years

Depreciation of machinery

(US$5/ha on 2nd and 3rd
year)
Hakkila, 1994

Fixed establishment costs

Investments

(US$61/ha on 3rd year)

rd

Monitoring

Harvesting and transport cost

Source
Interviews, 1994

Variable Cost

(harvesting year)
(of the project)
Rissanen, 1995

US$
st

(of the project)

Buildings

12,500

1 year

Buildings

8,300

1 year

(before harvesting year)

th

(of the project)

st

Fire protection

2,450

1 and 6 year

Machinery and equipment

4,100

1st year

Roundwood price

US$/m3

Acacia mangium

20.00

Interviews, 1996
Roadside price

According to the reference research, the fast growing pulpwood production cost model was
based on the plantation of specific tree species such as Acacia mangium and Acacia
crassicarpa, but the special characteristics of different tree species were not considered.
Similarly to this study, the same basis was applied, and the conservative estimate of Mean
Annual Increment (MAI) of 25 m3/ha was defined for the analysis. The cost model was
designed for the total planting area of 1000 ha, with an annual planted area of 100 ha. In
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association with a selected rotation of 8 years, thus the total plantation time is 18 years. Only
one rotation period was considered. By applying the basic cost data from the Table 4 together
with the defined parameters for the cost model, the costs of planting 100 ha starting in year
one (Y1) and another 100 ha starting in year two (Y2) were presented as examples in Table 5
and 6 together with the incomes of such annual plantations.
Table 5. Planting of 100 ha starts in year 1.
Costs (US$/year)

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Variable Cost
Establishment cost
Site preparation

21,300

-

-

-

-

-

-

-

-

Seedlings and their transport

1,200

-

-

-

-

-

-

-

-

Planting

1,800

-

-

-

-

-

-

-

-

Fertilization

9,700

-

-

-

-

-

-

-

-

Weeding

3,000

3,000

6,100

-

-

-

-

-

-

Monitoring

-

-

300

300

300

300

300

300

300

Supervision

7,500

500

500

-

-

-

-

-

-

44,500

3,500

6,900

300

300

300

300

300

300

-

-

-

-

-

-

-

-

206,000

Reforestation fee

-

-

-

-

-

-

-

-

30,000

Total Variable Cost

44,500

3,500

6,900

300

300

300

300

300

236,300

15,525

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

53,865

800

-

-

-

-

-

-

-

-

16,325

-

-

-

-

-

-

-

53,865

Buildings

12,500

-

-

-

-

-

-

-

-

Buildings

-

-

-

-

-

-

-

8,300

-

Fire protection

2,450

-

-

-

-

-

-

-

-

Machinery and equipment

4,100

-

-

-

-

-

-

-

-

Total Investment Cost

19,050

-

-

-

-

-

-

8,300

-

Total cost

79,875

3,500

6,900

300

300

300

300

8,600

290,165

-

-

-

-

-

-

-

-

400,000

Total establishment Cost
Harvesting and transport
cost

Fixed Cost
Fixed establishment costs
Fixed harvesting costs
Depreciation of machinery
Total Fixed Cost
Investment

Income
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Table 6. Planting of another 100 ha starts in year 2.
Costs (US$/year)

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

Variable Cost
Establishment cost
Site preparation

21,300

-

-

-

-

-

-

-

-

Seedlings and their transport

1,200

-

-

-

-

-

-

-

-

Planting

1,800

-

-

-

-

-

-

-

-

Fertilization

9,700

-

-

-

-

-

-

-

-

Weeding

3,000

3,000

6,100

-

-

-

-

-

-

Monitoring

-

-

300

300

300

300

300

300

300

Supervision

7,500

500

500

-

-

-

-

-

-

55,300

3,500

6,900

300

300

300

300

300

300

-

-

-

-

-

-

-

-

206,000

Reforestation fee

-

-

-

-

-

-

-

-

30,000

Total Variable Cost

44,500

3,500

6,900

300

300

300

300

300

236,300

15,525

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

53,865

800

-

-

-

-

-

-

-

-

16,325

-

-

-

-

-

-

-

53,865

Buildings

-

-

-

-

-

-

-

-

-

Buildings

-

-

-

-

-

-

-

8,300

-

Fire protection

-

-

-

-

-

-

-

-

-

4,100

-

-

-

-

-

-

-

-

4,100

-

-

-

-

-

-

8,300

-

64,925

3,500

6,900

300

300

300

300

8,600

290,165

-

-

-

-

-

-

-

-

400,000

Total establishment Cost
Harvesting and transport
cost

Fixed Cost
Fixed establishment costs
Fixed harvesting costs
Depreciation of machinery
Total Fixed Cost
Investment

Machinery and equipment
Total Investment Cost
Total cost
Income

It is noted that year 1 and year 2 mean the first and second year of the total plantation time of
18 years respectively. It was assumed that the harvesting was practically done in 9th year of
each planting of 100 ha, meaning that the trees planted have full 8 years of their growing. The
fertilization cost presented in the Table 5 and 6 of US$9,700 in the first year was the original
data from the reference study without adjustment yet.
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3.3 Financial Methods
In order to evaluate the financial profitability of fast growing pulpwood production, financial
methodology was important for answering this research question. In addition, a mean of
financial methods was applied when analyzing the cost data. Thus this section is intended to
describe the concerned financial methods used in this study.
Discounted Cash Flow
In a feasibility study of a project, discounted cash flow analysis is the most common financial
valuation method assisting in financial decision making (Christopher C.B.). It basically uses
future free cash flow projections of the project by often using the weighted average cost of
capital, and discounts them to arrive at a present value, expecting higher degree of the value
arrived at the present than the current cost of the investment (Jack Guinan 2009 in Farlex).
This study used discounted cash flow method to analyze the financial benefits over the total
project period of 18 years of the designed fast growing pulpwood plantation, and net cash
flow of the project covered the total cost and income of the total area of 1,000 ha in the
mentioned period. Discounted cash flow involves different project financial measures to assist
in investment decisions. Net present value (NPV) and internal rate of return (IRR) are one of
those measures (Hastings 2010, 145) and were used as the indicators of the financial
profitability in this study. NPV is the present value of the future cash inflows which is
expected to be discounted with a discount rate, minus the discounted value of its cash
outflows. Thus it is basically expected to be higher than zero, and if so, it means that the
investment is likely to be profitable (David L. Scott 2003 in Farlex). However, NPV only
identifies the size of the project but does not clarify whether the project is worth being
undertaken. IRR is then needed to indicate the attractiveness of the investment opportunity.
The internal rate of return or IRR is the value of the interest rate which equates the present
value of the sum of the returns to the value of the investment. It is the rate at which a project
generates returns from what has been spent, not the whole original investment. IRR is
commonly compared with a Minimum Acceptable Rate of Return (MARR) as a decisionmaking criterion of IRR for the investors to regard whether the project is worth executing in
the financial aspect. (Hastings 2010, 142-144.)

34

This study used Excel® spreadsheet functions to calculate discounted cash flow quantities,
NPVS and IRRs were also carried out using instant NPV and IRR functions included in the
software, hence the formulas for the calculations were not stated. For the NPV function, it
requires two inputs which are a discount rate and a range of values representing the future
cash flow to be discounted (Sawyer 2009, 238). IRR function requires the same values
representing the future cash flow and a number which is guessed to be close to the result such
as 0.1 (10%). This study evaluated NPV at the discount rates of 0, 5, 11, and 20 percent, and
the guess value for IRR calculation was 0.1. The values representing the future cash flow was
filled with the net cash flow of the project covering the total planted area of 1,000 ha in 18
years. The MARR or decision-making criterion of IRR was 11%, considering appropriate
levels of return on government investments in Indonesia in 1995 (World Bank 1995a; 1995b
cited in Kosonen et al. 1997), according to the reference study of the basic cost data.
Therefore, the results of NPVS and IRRs can generally indicate the attractiveness of the
investment opportunity. As the basic cost data of fast growing pulpwood production used in
this study was acquired from the study by Kosonen et al. (1997), the results of NPVS and
IRRs involving the estimated costs of the use of recycled nutrients from pulp and paper mill
sludge were analyzed and presented mostly as comparisons with the results from the basic
data. However, the mentioned research revealed that the result of the IRR of the fast growing
pulpwood production was not very promising. Therefore, this study did not expect significant
greater IRR but only aimed to present the potential of the use of pulp and paper mill sludge as
a nutrient source in fast growing pulpwood plantation by comparing the results from this
study with those from the reference research and included the discussion of this practice in
other aspects besides financial.
Inflation Correction
When variables are measured in terms of currencies such as dollars or euros, inflation must be
taken into account for the analyses of those variables over time. Inflation rate is generally
defined as a change in the prices of products and services, and it is measured as a yearly
percentage increase. Inflation correction method is aimed to adjust the variables measured in
one year to be reliable in another year by applying the annual inflation rates of a certain place
(University of Rhode Island). Since the cost data in this study contains the prices of goods and
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services, and it was acquired from different sources conducted in different years, inflation
correction method was considered important to update the figures to the recent years of this
study or to adjust them to similar years of among the data, in order to provide more accuracy
and better representing the results of the financial profitability.
This study used “Inflation, consumer prices (annual %)” available from the World Bank,
considering Indonesia’s and the United States’ rates as the cost data was mostly acquired in
Indonesia and measured in the United States dollars. Indonesia has been a developing
country, thus the economy of the country has been still highly expanding. This affected the
level of Indonesia's inflation rates with consumer price index which had been historically
uncertain since 1977 until 2013, with the highest peak of approximately 58% in 1998 (World
Bank 2015a). During the 80s, US economy had been also fluctuated but the trend had been
slightly decreasing later. The US’s inflation rates from the year 1980 to 2013 had the highest
peak of about only 18% in 1980, and there was a deflation rate (negative inflation rate) of 0.36% appeared in 2009 (World Bank, 2015c). Figure 4 illustrates Indonesia's inflation annual
rates in comparison with the United States’ during 1980 to 2013. It is notable that the
published information is available only until 2013.
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Figure 4. Inflation, consumer prices (annual %) of Indonesia and the United States. (World Bank 2015a; 2015c)

A long definition of inflation rates used in this study from World Bank (2015a; 2015c) is
stated as follows.
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“Inflation as measured by the consumer price index reflects the annual percentage change in
the cost to the average consumer of acquiring a basket of goods and services that may be
fixed or changed at specified intervals, such as yearly. The Laspeyres formula is generally
used.”

3.4 Cost Factors for the Use of Pulp and Paper Mill Sludge
Alice Saabye (in EEA 1997, 21) has summarized the factors important for financial
estimation of the use of sewage sludge spread on farmlands as follows.
“Transport costs from treatment plant to storage;
Storage investments and operating costs;
Transport costs from storage to farmer;
Investments in spreading equipment (can often be omitted as the farmer uses his own
equipment);
Expenses for spreading and plowing (can often be omitted as the farmer uses his own
equipment);
Expenses for analysis of sludge quality;
Expenses for analysis of soil quality;
Administrative expenses for e.g. declaration of sludge, conclusion of agreements with
farmers and control of application.”
This study followed the method presented above for analyzing the associated cost factors of
the use of pulp and paper sludge in fast growing pulpwood production. According to the
mentioned factors, it was assumed that in this study there were no costs considering the
analyses of sludge and soil quality. Investments in spreading equipment were also assumed to
be omitted, as the equipment was considered to be rented and the cost was included in the
expenses for spreading. This study considered only expenses for spreading without plowing
as a mean of sludge application. Since the sludge was not required to be applied frequently
according to the fertilization cost in the reference study which only appeared in the first year,
so there was no need for storage. Thus storage investments and operating costs, and transport
costs from storage to farms were not taken into account. Administrative expenses were also
not considered.
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Therefore, in this study, the associated costs of the use of pulp and paper mill sludge spread
on fast growing pulpwood plantation only involved the following cost factors. In addition, as
the supply of triple phosphate was proved to be important for the initial period (Adjers and
Luukkanen 1988 cited in Srivastava 1993), the associated costs concerning the additional use
of this specific artificial fertilizer were also considered.
Transport costs from pulp and paper mill to plantation;
Expenses for spreading;
Associated costs of the additional use of triple phosphate (optional).
The costs in reply to the mentioned factors were estimated based on available data collected
through different previous studies presented and explained in the results chapter. Together
with the results from the estimates of nutrient contents and application rate, it is then able to
evaluate the total fertilization cost and the financial profitability when this practice is applied.

4 RESULTS
In the results chapter, all of the research questions are answered by applying the materials and
methods previously presented.

4.1 Nutrient Contents
The characteristics of pulp and paper mill sludge used in this study were previously presented
in section 3.1. In order to estimate the application rate, only nutrient contents were considered
as the sludge was expected to be used as a plant nutrient source. The average of the data in the
Table 3 was selected, taking into account only the carbon to nitrogen (C:N) ratio and the total
amounts of nitrogen, potassium, and phosphorus (NPK) as they are the main nutrients
required for tree growth, leaving out the specific forms of the chemical compounds and other
parameters. The average data was calculated from the average of each parameter within its
source, and then the average of the 3 different sources. It is noted that the information in
Table 3 is the chemical analysis of combined paper mill biosolids, but referred as assumed
pulp and paper mill sludge characteristics in order to estimate the nutrient contents in this
study, leaving out the specific pulp and paper production and sludge treatment technologies.
The reason for selecting the combined sludge was that it contains higher degrees of the
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needed nutrients and lower C:N ratio (comparing the Table 2 and 3). Table 7 presents the
estimated nutrient contents in the pulp and paper mill sludge used in this study.
Table 7. Estimates of nutrient contents.

Characteristic

Amount

C:N ratio

25.83:1
-1

16.20

-1

2.92

-1

2.44

Total N (g kg dry)
Total P (g kg dry)
Total K (g kg dry)

4.2 Application Rate
A proper estimate of sludge application rate concerning sludge properties, crop nutrient
requirements, and frequency of application, is a key principle to gain expected growth rate.
The final amount of sludge and application rate needed for the designed plantation is also a
factor directly relevant to the cost estimate of transportation and spreading. According to the
study by Adjers and Luukkanen (1988) in Srivastava (1993), the initial applications of
nutrients for A. mangium of 22 kg of N, 20 kg of P, and 10 kg of K per hectare in the first year
were defined for this study. The cost data from Kosonen et al. (1997) also showed that the
fertilization cost was only evident in the first year of each planting of 100 ha. The specific tree
species (A. mangium) was selected to assume its nutrient requirements due to its relation to
fast growing pulpwood production. Therefore, in order to obtain the mentioned application
rate of the different nutrients, the following amounts of sludge in respect to the estimated
nutrient contents (in the Table 7) in dry matters were required.
Table 8. Different required amounts of sludge.

Characteristic

Defined
annual rate
(kg/ha)

Required amount
of sludge
(kg dry)

Total N

22

1,358

Total P

20

6,853

Total K

10

4,107
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By following only the requirement of nitrogen, 1,358 kg of dry matter was used as the
estimated total amount of sludge, resulting in the application rate of sludge of approximately
1.36 Mg/ha in the first year of each annual plantation of 100 ha. Such amount contains dry
solid contents of NPK as in Table 9.
Table 9. Nutrient calculated amounts from the total sludge amount of 1,358 kg.

Characteristic

Expected
amount

Calculated
amount

Total N (kg dry)

22

22

Total P (kg dry)

20

4

Total K (kg dry)

10

3

The reason to choose 1,358 kg for the calculation of the total amount of sludge as it provided
the minimum rate. Additionally, it resulted in the minimum final quantity of nitrogen. In the
cases of selecting phosphorus or potassium, they resulted in the exceeding final amounts of
nitrogen that may contribute to negative impacts to the environment (Trautmann et al. 2012).

4.3 Estimates of Associated Costs
According to section 3.4, the associated costs of the use of pulp and paper mill sludge spread
on fast growing pulpwood plantation considered in this study involved transport costs from
pulp and paper mill to plantation, expenses for spreading, and associated costs of the optional
use of triple phosphate. The transportation mean considered in this study was truck hauling.
The estimates in reply to the mentioned cost factors were discussed as follows.
Transport costs
The final report of From Waste to Traffic Fuel – projects has mentioned that, according to the
Ministry of the Environment (Ympäristöministeriö 2010 cited in Rasi et al. 2012, 24), the
average transportation cost of municipal sludge by haul truck was 4 €/t in Finnish case
regions. Nonetheless, it is merely an estimated figure. The transportation costs can differ
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depending on transport distance, number of operating days per year, and whether the transport
is self-operated or outsourced (U.S. EPA 1985).
Transport and Spreading costs
Another report on solid waste management by Anderson et al. in 1977 has presented the cost
of landspreading and hauling sludge from municipal wastewater treatment plants with data
collection and case studies of 24 cities in the United States. The study found that among the
23 communities (excluding 1 city), the average disposal cost of sludge was US$ 32 per dry
ton. This figure included both landspreading and transporting, with an average round trips
distance of 12 miles (19.3 kilometers). Similarly to a study by Ferrara and Weber in 1982 on
land application of sewage sludge in the Willamette Valley, a small city - Sweet Home, had
an average cost of disposing its sludge of US$ 32 per dry ton, with the transport distance of
about 7 miles (11.3 kilometers). The costs appeared to be the same with a roughly similar
transport distance. The reason that the cost of US$ 32 per dry ton included both landspreading
and transport was that the sludge was mostly transported from municipal wastewater
treatment plants and applied on farm lands by the same truck with built-in system for direct
truck spreading.
The truck transport together with landspreading method was considered to be more effective
compared to transporting alone when sludge is expected to be used at agriculture fields.
Therefore, the cost of sludge transport and spreading in this study were considered together.
However, due to a limitation of this study, it was assumed that the transport and spreading
cost only responded in linear manner to the amount of sludge being hauled and spread, not
subject to other parameters. Moreover, it was assumed that this type of truck was available in
the study area.
Associated costs of additional use of triple phosphate
The additional use of artificial fertilizer can be applied and may be needed. In Kalimantan
Indonesia, it was recommended to supply triple phosphate as a supplement of P at the rate of
about 5-30 kg/ha P (Adjers and Luukkanen 1988 cited in Srivastava 1993). The data from
IFPA (2004) in FAO (2005, 24) is available for the prices of phosphate fertilizers in the forms
of TSP (Triple superphosphate – 46% P2O5) in combination with SP-36 (Superphosphate –
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36% P2O5) in Indonesia in some certain years during 1990 and 2001. Table 10 shows the
Indonesian domestic prices of TSP/SP-36 in the mentioned period.
Table 10. TSP/SP-36 prices in Indonesia. (IFPA 2004 in FAO 2005, 24)

Year

1990

1995 1998

Domestic prices of TSP/SP-36 (US$/ton) 137.6 228.7

2000

2001 Average

87.1 166.9 161.7

156.4

The TSP/SP-36 prices reached the highest peak in 1995 with US$228.7/ton and fell to
US$87.1/ ton in 1998. Between 2000 and 2001, the prices appeared to be more constant. As
the prices were much fluctuated, the average price of US$156.4/ton was considered in this
study. This average price of TSP/SP-36 was assumed as TSP price and the additional use of
triple phosphate fertilizer is hereinafter referred as the additional use of TSP due to the
availability of price data. In addition, in the case that TSP is needed, the spreading cost for the
application of TSP has to be taken into account. Ferguson and McKinley from the University
of Tennessee, institute of agriculture has invented a fertilizer cost calculator, and estimated a
fertilization application cost of US$5/acre or roughly US$12/ha. However, the specific
spreading method used in the case of TSP was not considered.
Considering all of the concerned factors mentioned previously, the estimates of associated
costs of the use of pulp and paper mill sludge spread on fast growing pulpwood plantation and
their sources can be summarized as shown in Table 11. The application rate of 30 kg/ha in the
first year of each annual plantation was chosen in order to estimate the total cost of the
additional use of TSP.
Table 11. The summarization of the estimated costs for the use of pulp and paper mill sludge.

Factor

Unit

Cost

Source

Transporting and spreading cost

US$/dry ton

32 Anderson et al. (1977);
Ferrara and Weber (1982)

TSP price

US$/ton

156.4 IFPA (2004)
(2005)

TSP spreading cost

US$/ha

12.36 Ferguson and McKinley

in

FAO
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4.4 Inflation Corrected
When the inflation rates according to Indonesian’s inflation, consumer prices (annual %) from
the year 1996 to 2013 (World Bank 2015a), were applied with the given roundwood price of
US$20/m3 in Indonesia in the year 1996 (as this information was interviewed in 1996 in
Kosonen et al. 1997), it resulted in the price of approximately US$111.7/m3 in 2013 (see
Table 12). The applied prices were only increased due to no occurrence of deflation rate.
Table 12. Inflation rates of Indonesia (1996-2013) and the roundwood applied prices. (World Bank 2015a)

Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Inflation rate
(%)
7.97
6.23
58.39
20.49
3.72
11.50
11.88
6.59
6.24
10.45
13.11
6.41
9.78
4.81
5.13
5.36
4.28
6.41

Applied price
(US$/m3)
20.00
21.25
33.65
40.55
42.05
46.89
52.46
55.92
59.41
65.62
74.22
78.97
86.69
90.87
95.53
100.65
104.96
111.69

However, the roundwood prices applied with the inflation rates showed that they did not
correspond with the changes of the global prices of wood pulp (US$/MT) in Figure 5, which
had been both increased and decreased. It is noted that the unit of roundwood prices in
Indonesia (US$/m3) is different from the unit of the global wood pulp prices (US$/MT), only
the trend of changes was considered for the comparison.
Therefore, the main cost data from Kosonen et al. (1997) used in this study was not
considered to be adjusted with the Indonesia’s inflation rates to the recent years of the study.
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Net present value (NPV) and internal rate of return (IRR) used as the indicators of the
financial profitability then reflected the results considering the current time of the main
reference research (1994-1996).
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0

Figure 5. Pulpwood world prices in 1996-2013. (World bank 2015b)

However, the sludge transport and spreading cost was expected to be adjusted in order to be
comparable with the fertilization cost from the main reference study, presented in Table 13.
Table 13. Inflation rates of the United States (1982-1994) and the sludge transport and spreading applied costs.
(World Bank 2015c)

Year
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

Inflation rate
(%)
6.16
3.21
4.32
3.56
1.86
3.74
4.01
4.83
5.40
4.23
3.03
2.95
2.61

Applied cost
(US$/dry ton)
32.00
33.03
34.45
35.68
36.34
37.70
39.22
41.11
43.33
45.16
46.53
47.90
49.15
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Kosonen et al. (1997) collected the fertilization cost by interview in 1994 in Indonesia, while
the sludge transport and spreading cost selected for this study was carried out in the year 1977
and 1982 in the United States. Therefore, inflation correction was intended to be applied with
the selected sludge transport and spreading cost of US$32/dry ton only from the year 1982 by
updating to the same reference year of 1994 with inflation, consumer prices (annual %) of the
United States (World Bank 2015c). From the Table 13, it resulted in the sludge transport and
spreading cost of roughly US$49/dry ton in 1994.
It was assumed that the other estimated costs concerning the use of sludge were not affected
by inflation rates and the differences in the study area and times of the selected data were not
considered, as they did not largely represent the total cost.

4.5 Fertilization Cost Options
According to the estimates of associated costs presented in section 4.3, the fertilization costs
concerned in this study were classified into three groups. The following are the explanations
of the 3 different fertilization cost options designed for the analyses of this study.
Option (1) Basic data: is the fertilization cost taken directly from the basic data of the
reference study. However, the fertilizing method used and the cost breakdown were
not explained.
Option (2) Sludge: is the use of sludge alone. The total cost of this option included;
the cost of sludge transport and spreading.
Option (3) Sludge + TSP: is the use of sludge in combination with TSP fertilizer. The
total cost of this option included; sludge transportation and spreading cost, the price of
TSP, and TSP spreading cost.

4.6 Total Fertilization Cost
The total cost of each option was summarized in Table 14 (see appendix 1 for the
summarization of all of the parameters used in the calculations and their sources). Figure 6
also illustrates the percent reduction of the option (2) and (3) in relation to the option (1).
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Table 14. Total fertilization cost in 3 options.

Fertilization Option

Unit

Cost

(1) Basic data

US$/ha

97.00

(2) Sludge

US$/ha

66.75

(3) Sludge + TSP

US$/ha

83.80

Total fertilization cot (US$/ha)

120
100

31.19%

80

13.61%

60
97.00
40

83.80
66.75

20
0
(1) Basic data

(2) Sludge

(3) Sludge + TSP

Figure 6. Percent reduction of the total fertilization costs of option (2) and (3) compared to option (1).

4.7 Financial Profitability
When applying all of the concerned costs in the designed cost model, net present value
without discounting of the option (1) of this project which is the option that all of the original
data was used, was approximately US$234,000. However, this number is not equal to the
result from the reference study with the same designed cost model (1 rotation and 8 rotation
years), which was approximately US$250,000. This slight discrepancy was on the grounds of
different calculating tool and the uncertainty of some information. Figure 7 shows the net
cash flow of the total fast growing pulpwood production with the basic data (option (1)) in the
total production time of 18 years. The figure shows that it generated positive cash flow after
the first 8 years, which is when the first planting of 100 ha is harvested and the utilizable
wood products can be sold.
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Option (1)
150,000
100,000

US$

50,000
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
-50,000
-100,000

Time, years

Figure 7. Net cash flow without discounting of the total fast growing pulpwood production (option 1).

Likewise, the other 2 options generated similar shape of area chart (see Figure 8 and 9), as
their NPVs with zero percent discount were not greatly changed when applying the
fertilization costs of option (2) and (3). Table 15 presents net present values (NPVs) at zero
percent discount and internal rates of return (IRRs) of all of the options in this study, whereas
the last row shows the average of both values. The average NPV was US$248,180 while the
average IRR was 3.63%. According to discounted cash flow method, the NPVs of the option
(1), (2), and (3) with 0, 5, 11, and 20 percent discount are presented in Table 16.

Option (2)
150,000
100,000

US$

50,000
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
-50,000
-100,000

Time, years

Figure 8. Net cash flow without discounting of the total fast growing pulpwood production (option 2).
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Option (3)
150,000
100,000

US$

50,000
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
-50,000
-100,000

Time, years

Figure 9. Net cash flow without discounting of the total fast growing pulpwood production (option 3).

Table 15. NPVs and IRRs of the different options.

Fertilization option

NPV – 0% discount

IRR

(’000 US$)

(%)

(1) Basic data

233.70

3.38

(2) Sludge

263.95

3.90

(3) Sludge + TSP

246.90

3.60

Average

248.18

3.63

Table 16. NPVs at 0, 5, 11 and 20 percent discount.

NPV (’000 US$)
% discount

0%

5%

11%

20%

(1) Basic data

233.70

-69.36

-195.09

-222.06

(2) Sludge

263.95

-46.00

-177.28

-209.38

(3) Sludge + TSP

246.90

-59.16

-187.32

-216.53

4.8 Sensitivity Analysis
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The objective of the following sensitivity analysis was to analyze the sensitiveness of the
estimated fertilization costs (option (2) and (3)), in relation to the change of the estimated
application rate. By increasing and decreasing the application rate from the base case of 1.36
Mg/ha by 10% and 25%, it resulted in the total fertilization cost in option (2) and (3) as
presented in Table 17.
Table 17. Sensitivity analysis of total fertilization cost to application rate.

Total fertilization cost (US$/ha)
Application rate changed

-25%

-10%

0

10%

25%

(2) Sludge

50.06

60.07

66.75

73.42

83.43

(3) Sludge + TSP

67.11

77.12

83.80

90.47

100.48

The next sensitivity analysis was aimed to analyze the sensitiveness of IRR in response to the
changes in fertilization cost applied in the designed financial model of this study. By
increasing and decreasing the fertilization costs from the base case of all of the options by
10% and 25%, it resulted in the changes in IRRs as presented in Table 18.
Table 18. Sensitivity analysis of IRR to total fertilization cost.

IRR (%)
Total fertilization cost changed

-25%

-10%

0%

10%

25%

(1) Basic data

3.79

3.54

3.38

3.21

2.97

(2) Sludge

4.20

4.02

3.90

3.78

3.61

(3) Sludge + TSP

3.97

3.74

3.60

3.46

3.25

Figure 10 also illustrates the sensitiveness of IRRs to the fertilization costs of the different
fertilization options, using the data from the Table 18. As shown in the Figure 10, the higher
fertilization costs generated lower IRRs, in a similar way, the lower fertilization costs resulted
in higher IRRs. All of the IRRs from this sensitivity analysis ranged between 2.97% and
4.20%.
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Figure 10. Sensitivity analysis of IRR to total fertilization cost.

As a result of this analysis, it was remarkable that the IRR of this project was generally not
highly sensitive to the fertilization cost applied in the total pulpwood production cost model in
all of the fertilization options. Additionally, inaccuracy of the estimates of fertilization costs
in this study both over and under estimation of within 25% was presumed to be acceptable as
their IRRs were not sensitive to the change of fertilization costs.
Another sensitivity analysis performed in this study was to analyze the factor the financial
profitability was sensitive to, which is MAI, as it was revealed before in the reference study
by Kosonen et al. (1997). However in this study, this sensitivity analysis was performed by
increasing 20% each time of the MAI from the basic case of 25 m3/ha. The results of this
sensitivity analysis are presented in Table 19.
Table 19. Sensitivity analysis of IRR to MAI.

IRR (%)
Fertilization option

MAI = 25 m3/ha
(basic analysis)

MAI = 30
m3/ha

MAI = 36
m3/ha

(1) Basic data

3.38

7.12

10.67

(2) Sludge

3.90

7.66

11.23

(3) Sludge + TSP

3.60

7.35

10.91
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As shown in the Table 19, the expected return rate of 11% can be reached by the MAI of
roughly 36 m3/ha (44% higher of 25 m3/ha in the base case) in option (2), which is the lowest
total cost option, resulting in the best IRR of 11.23%. The other 2 options were almost
possible to reach the IRR of 11% with the MAI of approximately 36 m3/ha as well. The
minimum mean annual increments (MAIs) to reach the IRR of 11% in different options are
presented in Table 20. Moreover, Kosonen et al. (1997) also revealed that roundwood price is
another factor highly relevant to the change of IRR. The minimum roundwood prices at road
side to reach the IRR of 11% in different options are additionally presented in the Table 20.
Both factors were tested separately while the others were remained the same.
Table 20. Minimum MAI or roundwood price to reach the IRR of 11% in different options

MAI
Fertilization option

(m3/ha)

Roundwood
price
(US$/m3)

(1) Basic data

36.63

23.82

(2) Sludge

35.57

23.47

(3) Sludge + TSP

36.17

23.67

5 DISCUSSION
The discussion part is intended to present the advantages and disadvantages of the use of pulp
and paper mill sludge in fast growing pulpwood production. Nonetheless, the discussion is not
only limited to the results from the study, but also includes the aspects possible to widen this
framed idea.

5.1 Advantages
Good sign
Firstly, it seemed to be a good sign for the use of pulp and paper mill sludge since the
estimated costs per hectare were lower compared to the basic data, with 31.19% lower in
option (2) and 13.61% lower in option (3). Ferrara and Weber (1982, 11) had also analyzed
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fertilization value of sludge (sewage sludge), stating that the sludge had fertilization value of
approximately US$30.26 per ton of sludge. This figure was calculated from replacement cost
per pound of nutrient, based on March 1981 fertilizer prices. Although the sewage sludge
used in the mentioned analysis contained higher degrees of nutrients, but the results of this
study also showed that the total cost of the use of pulp and paper mill sludge were still lower
compared to the basic data. The assumption that the use of recycled nutrients from pulp and
paper mill sludge in fast growing pulpwood production provides financial benefits is still
acceptable in the aspect that it did not generate higher cost. The use of sludge spread on
plantations can replace some amounts of artificial fertilizers at a lower cost, and reduce the
amounts of sludge to be disposed that possibly provides a reduction in sludge disposal fee. As
the costs of the use of sludge in agriculture or forestry practice mainly consist of
transportation and spreading, so the costs vary depending upon the amount of sludge to be
used. However, according to the sensitivity analyses, the increase in the application rate of no
more than 25% increased its total fertilization cost but did not contribute to significantly
higher IRR as the IRR was not sensitive to the fertilization cost. Therefore, there is still
possibility to apply more sludge on forest lands to supplement more nutrients or as a disposal
solution. Additional adjustment for better sludge quality is also possible during the
wastewater treatment processes, especially for the specific final use in plantations (Benedetti
2014). Although it might create an extra cost for the sludge improvement, it possibly makes
the product more effective, reduces other costs, and results in more positive growth rate which
is the factor more important to increase the financial profitability.
Possibility for more sludge application
In agriculture and forestry application, sludge is considered as soil amendments and a plant
nutrient source. However, in order to improve soil properties, higher application rates were
required according to the research by Camberato et al. (2006). For instance, concerning soil
organic matter, an annual rate of as high as 225 Mg ha–1 was required to provide significant
and persistent effects on soil organic C. The application at low rate resulted in smaller
increases and was mostly detected only in the year of the application. Nevertheless, the
research stated that sludge spreading on macrobiota at forested or reclamation sites caused no
significant impacts to some concerned environment. Considering liming benefits to soil, the
increases in soil pH resulting from sludge application in most cases did not limit crop yield as
it was not considered to be excessive. Thus, it can be considerably valuable to the crops when
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the initial soil pH is not adequate. (Fierro et al. 1999; Legendre et al. 2004 in Camberato et al.
2006.) Considering forest crops, nutrient losses by leaching and erosion are low as forest
crops have great ability of root system allowing preservation of the nutrients in the ecosystem
(Benedetti 2014).
Therefore, generally the use of pulp and paper mill sludge in agriculture or forestry with high
application rates did not cause significant negative impacts to soil, crops, and surrounding
environment. Instead, the use of high rates was required to improve the physical, biological,
and chemical properties of soil, and may contribute to higher growth rate. Thus, there is still
possibility to apply more sludge at the plantation site of this study since a higher pulp and
paper mill sludge application rate has been proved to provide several benefits and did not
cause adverse effect except if the sludge has improper characteristics (discussed later in 5.2).
Benedetti (2014) also ensured that it is possible and easy to frequently apply sludge on forest
plantations without concern on the environment. However, an appropriate application rate
depends upon the purposes of the use and the optimum sludge disposal option considering the
total cost of the practice. In this study, the estimated sludge application rate was expected
only to be adequate for the nutrient requirements of the trees being planted, resulting in
relatively low number (1.36 Mg ha-1) as the selected tree species (A. mangium) does not
require high degrees of nutrients. In addition, as the amount of sludge to be transported and
spread was a factor contributing to higher cost of the total fertilization cost, hence the
estimated application rate in this study was limited to the minimum and the concern over the
exceeding amount of nitrogen was taken into account. Nonetheless, sludge spread on
plantations can be considered as plant nutrient sources, soil amendments, and a disposal
option, so that the purposes of the use of sludge can be variously extended when estimating
the application rate and associated costs. For instance, if the soil has very low quality and soil
improvement is needed, then the use of higher application rate is considerably more
beneficial. In addition, if the sludge must be disposed and the disposal fee is taken into
account, then the application of high amount of sludge in forestry lands may offset the fee and
the transport cost may be not an issue as the disposal of sludge already involves
transportation.
Best for forest plantations
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From a literature review (EEA 1997), it is notable that the risks to humans caused by the
applications of sludge in forest plantations are much lower than those in agriculture, as the
plantations are usually aimed to produce the products which are not involved in the human
food chain such as pulpwood and wood biomass. Likewise in this study, the plantation
establishment was designed for pulpwood production thus the products were only expected to
be used in pulp and paper manufacturing processes. Furthermore, compared to the use in
agriculture, there are fewer possible negative environmental impacts of sludge applications in
forest plantations as the trees planted usually require lower amounts of sludge to meet the
nutrient requirements (EEA 1997). Müller da Silva et al. (2011) also emphasized that
agricultural crops usually require more quantities of nutrients with more frequency of
applications, possibly leading to higher risks to the environment (in the case of sewage
sludge). Similarly to this study, the defined nutrient requirements of the selected tree species
(A. mangium) were very low. Only initial application of 22 kg N, 20 kg P and 10 kg K per
hectare were required and the sludge application rate of 1.36 Mg/ha was estimated to be
sufficient although it resulted in some lower amounts of nutrients required. Referring to the
cost data (Table 4) from the reference study (Kosonen et al. 1997), it can be seen that
fertilization cost in fast growing pulpwood production only appeared in the first year of each
yearly plantation, meaning that the nutrients necessary for trees growing were only required in
the first year as an initial preparation. Therefore, pulp and paper mill sludge application can
be considered as the best for forest plantations compared to other plantation types.
Support reforestation program
This practice can support reforestation program although it did not provide significantly
higher financial profitability compared to the result from the basic data. However, the
possibility to replace the use of chemical fertilizers and reduction in sludge disposal possibly
leads to positive benefits to the environment. In addition, the consequences from the
plantations such as carbon sequestration and biodiversity can represent environmental
economic values (Kosonen et al. 1997). Carbon sequestration can be practically done through
tree plantations as trees are considered to be a terrestrial carbon sink (Houghton et al. 1998 in
Montagnini and Nair 2004). According to FAO (2000) cited in Montagnini and Nair (2004),
the estimate of forest plantations was187 million hectare globally, and this figure significantly
rose from 1995 when it was 124 million hectare, with 89% in Asia and South America.
However, the negative impacts from the decline in forest quantity and quality are still
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expected to be offset and reforestation program is still considerably important. Regarding this
study, the designed plantation establishment can support reforestation program by increasing
the forest plantations, covering the total area of 1000 ha (100 ha/year), as well as providing
yearly 20,000 m3 of commercial wood products after 8 years.
Possibility for biomass production
Forest plantations are not limited for the production of pulpwood, as they can be established
for wood biomass production. Several tree species such as Eucalyptus and Acacia can be
grown with a desirable growth rate in forest plantations and they are the common fast
growing and short rotation tree species. They require low amounts of nutrients with low
frequency of application. The wood products from those species can be processed as fire
wood, charcoal, and wood biomass, apart from pulp and paper. Due to density and calorific
value of 4,800–4,900 kcal/kg of Acacia mangium, the selected tree spices in this study, the
wood products can be also considered as a good fuel. Although appropriate tree species,
rotation time, and some other factors can be different due to different requirements in further
production processes of the wood products, the establishment methods of the plantations of
pulpwood and wood biomass are similar. (National Research Council 1983.) Moreover, wood
biomass is not a product involved in human food chain. Therefore, the use of pulp and paper
mill sludge as a tree nutrient source is applicable for wood biomass production, with a similar
practice to that in pulpwood production. Nevertheless, the purposes of forest plantations and
species selections depend upon the need of local communities as they are expected to
contribute to the well-being. If biomass is a feedstock needed within the area where forest
plantations are established, the use of sludge from pulp and paper mill as a nutrient source in
the plantation of the tree species and with the establishment appropriating for producing wood
biomass is then considered as providing similar benefits to those which can be obtained from
pulpwood plantations.

5.2 Disadvantages
Non-attractive financial profitability
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According to the study by Kosonen, et al. (1997), the decision-making criterion of IRR or
MARR was 11%, considering appropriate levels of return on government investments in
Indonesia in 1995 (World Bank 1995a; 1995b cited in Kosonen et al. 1997). By following the
same criterion, the results of IRRs of approximately between 3 and 4 percent in this study
were not very favorable. Despite the advantage that the cost estimates of the use of recycled
nutrients from pulp and paper mill sludge in option (2) and (3) were lower than the basic data
and contributed to higher IRRs, this increase in the IRRs was still not significantly high
compared to 11% criterion. Additionally, the results of NPVs with discounted cash flows of
all of the options appeared to be negative since 5% discounting. MAI and sales price are the
factors more relevant to the increase in IRR. Nevertheless, the higher MAI is possible on the
sites with good environment conditions (such as soil and climate). In poor sites, good
practices of plantation can still increase the growth rate. The improvement can be done
through trials and studies involving soil test, and selections of appropriate tree species and site
preparation treatments. A study by Antti et al. (1994) has revealed that initial site preparations
used in reforestation of Imperata cylindica grasslands, Indonesia, had real effects to the
growth of 4 promising tree species in the study trials. For example, the highest MAI of A.
mangium was the consequence of the combination of plowing as a mechanical site
preparation method and NPK fertilizing, resulting in the MAI of 36.7 ± 9.9 m3. With this
range of MAI, it is possible to reach the IRR of 11% in all of the options in this study.
It is challenging to gain attractive financial benefit through a forest plantation as its
establishment requires heavy investment (Kosonen et al. 1997), either with or without the use
of sludge as a nutrient source. In conclusion, in order to increase financial profitability and
obtain attractive IRR of fast growing pulpwood production, a reduction in fertilization cost is
not an important factor; an improvement in productivity and the increase in sales price of
pulpwood are more effective.
N immobilization
In general, N immobilization is a consequence of the use of organic materials with C:N ratios
of more than 20–30:1 (Alexander 1977 in Camberato et al. 2006). Considering the C:N ratio
of the assumed sludge characteristics used in this study of approximately 26:1, the ratio did
not exceed the mentioned range so that the risk to result in N immobilization was low.
However, if the sludge from the Table 2 (primary and deinking sludge) in the third source
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alone is used, with C:N ratio of about 288:1, the occurrence of N immobilization in both
amount and duration can be more extreme. A study found that the primary sludge with a very
high C:N ratio of 480:1 caused N immobilization at all of the application rates of 17–267 g
sludge kg soil–1 for at least 250 days (Zibilske 1987 in Camberato et al. 2006). A possible
solution to overcome N immobilization is to leave a period after the sludge is applied to allow
reduction of its C:N ratio before planting crops (Dolar et al. 1972 in Camberato et al. 2006).
Moreover, another simpler method and most frequently used is the supplement of N by
another N source such as standard N fertilizer to compensate for the low N contents in the
sludge used (McClellan 2007).
Although pulp and paper mill sludge contains useful nutrients for tree growth but the use in
agriculture and forestry can be sometimes complicated as the variation in sludge
characteristics can be a drawback. Therefore, pulp and paper mill sludge characteristics
concerning nutrient contents and especially C:N ratio are an important factor must be taken
into account when considering the use of sludge in plantations of trees growing in soil, as the
sludge low in nutrients can cause nutrient immobilization, a limiting factor leading to an
adverse effect on plant growth. Therefore, in order to apply organic residuals especially pulp
and paper mill sludge in agriculture or forestry, it is important to analyze their properties and
evaluate the impacts possibly caused by these properties to soil, plants, and the surrounding
environment. It can be concluded that the sludge characteristics are the information always
needed, and if they are considerably not appropriate for the use in tree plantations, additional
sludge improvement or an approach to overcome immobilization is required, or it may be
recommended not to apply otherwise it will limit positive crop yields which is the factor
significantly relevant to the financial profitability.
Regulatory concerns
Many countries have regulations for the application of sludge landspreading, mostly in the
case of sewage sludge but of pulp and paper mill sludge is often regulated through the same
regulations. The regulations generally concern over the protection of human health,
agricultural productivity, and ecological health. Sludge land application regulations generally
take into account sludge characteristics as they directly reflect the quality of sludge and used
to indicate whether and how the sludge can be applied. Other concerns involve the conditions
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of where the sludge is applied such as site and soil characteristics, distances from surface
water, and depth to groundwater. (Camberato et al. 2006; CPI 2014; EFAR.)
Therefore, regulatory concerns may restrict and complicate the use of sludge, contributing to
additional costs and processes required by the regulations of the certain area where sludge is
applied. However, when estimating the total cost of the use of sludge, the costs related to
regulations can vary depending on whether they are passed to the sludge providers or to be
responsible by the plantation investors or farmers. In this study, expenses for analysis of
sludge quality were not included in the estimated fertilization cost by the use of sludge as it
was considered that these costs were generated at the sludge treatment plant. However,
expenses for analysis of soil quality may have to be responsible by farmers, but not included
in this study since soil analysis might be previously performed for the purpose of the site
selection. Additionally, the costs and processes related to contracts and permits can be also
involved. Other possible administrative expenses such as for the declaration of sludge and
control of application which were not yet included in this study are also the related costs to
ensure that requirements are met according to regulations or contracts.

5.3 Limitations of the Study
This study relied on data accuracy from a secondary source by Rashid et al. (2006) for the
sludge characteristics. However, when estimating the nutrient contents, only the average data
was considered and did not take into account the specific chemical compounds of the
nutrients, although the differences in their forms may affect the availability of plant uptake
(McClellan, 2007). Since the main idea was only to present and estimate the possible total
amounts of nutrients considering NPK and C:N ratio contained in pulp and paper mill sludge.
The estimated sludge application rate did not guarantee the defined growth rate (MAI of 25
m3/ha) which is the factor important to the financial profitability, but this MAI was defined
modestly in order not to generate exaggeratedly high NPV and IRR. This study mainly relied
on data accuracy from another secondary source by Kosonen et al. (1997) for the production
costs of pulpwood fast growing plantation, as the costs were directly acquired from the
mentioned research and used as basic data. Although, the associated production costs of
pulpwood fast growing plantation were compiled during the year 1994-1996 in Indonesia, it
was found that it might be complicated and not accurate to update the figures to the recent
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years. Thus, inflation correction was not considered for the production costs of pulpwood fast
growing plantation. The results of NPVs and IRRs from the financial analyses then reflected
the financial profitability referring to the study years of the basic data (1994-1996). The data
to evaluate the total cost of the use of recycled nutrients from pulp and paper mill sludge was
acquired from different secondary sources, and expected to be merged with the production
costs of pulpwood fast growing plantation. The differences in times and places of when and
where the different data was conducted may cause data inaccuracy.
Nevertheless, the major contribution was to present the potential of the use of recycled
nutrients in fast growing pulpwood production through this feasibility study, although the data
quality associating to the practice in this study was low. This study has revealed that the use
of recycled nutrients in fast growing pulpwood production was feasibly, and researches
thoroughly further from this study are considerably valuable. Further researches can be
carried out with actual analyses of sludge characteristics to be used, or more accurate of other
data collected through primary sources such as real operating costs, as well as actual trials of
plantations in response to the use of the applied pulp and paper mill sludge, in order to
analyze results in wider aspects from the real operating sites and conditions for the study of
the use of recycled nutrients in fast growing pulpwood production.

6 CONCLUSIONS AND RECOMMENDATIONS
Waste reduction and reuse is always a priority in any industry especially pulp and paper
which is always seeking possibilities towards zero waste. Regarding pulp and paper mill
sludge as a waste from production processes and wastewater treatment units, the development
of sludge management solutions are demanded. Within a pulp and paper production system,
the sludge can be recycled back into the internal loop such as to the pulp and paper mill where
the sludge is generated, or sent to external production plants such as board manufacturers as a
source of fibers. Moreover, the sludge can be incinerated for energy conversion either for the
use within or outside its production system with proper designed incinerators. Nevertheless,
pulp and paper mill sludge can be utilized as a source of nutrients and used as fertilizers or
soil conditioners in the plantations of pulpwood, especially where the wood products are
aimed to be served back as raw material in pulp and paper making processes. By merging the
framed idea in this study with the existing waste management solutions, it is possible to
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provide an improvement for closed-loop system in pulp and paper production considering an
extension of the production loop. The increasing pressure from strict regulations on landfill
and incineration of sludge and negative impacts from the use of artificial fertilizers can be the
important drivers increasing the use of pulp and paper mill sludge in agriculture or forestry
plantations.
Although the use of sludge as a nutrient source in fast growing pulpwood production did not
generate an attractive financial profitability but it can be concluded that this practice is
feasible as it resulted in similar financial profitability compared to the use of artificial
fertilizers according to the basic data. Moreover, it possibly provides benefits in other areas of
concerns. Related studies of economic and environmental profitability can be considered for
further research to present the profitability in other aspects apart from financial which
contributed to non-attractive result of IRR. Since the establishment of a forest plantation on
Imperata grasslands was proved to be economically profitable, when the associated
environmental impacts were taken into account especially of the reforestation (Kosonen et al.
1997), further study can involve an additional environmental impact of the use of pulp and
paper mill sludge to present the higher value of the plantation area.

7 SUMMARY
The application of pulp and paper mill sludge in agriculture and forestry has been
acknowledged. Therefore, it is intensely interesting to utilize those useful nutrients richly
contained in pulp and paper mill sludge as a plant nutrient source, especially in the plantations
of fast growing pulpwood, where the wood products are then served back as a raw material to
pulp and paper manufacturing. However, it might be challenging to gain an attractive
financial benefit through this practice, as the establishment of a fast growing pulpwood
plantation itself requires heavy investment. Thus, the feasibility study of the use of recycled
nutrients from pulp and paper mill sludge in fast growing pulpwood production is importantly
intended. The main objectives of this study are to evaluate the total cost of the use of recycled
nutrients from pulp and paper mill sludge in fast growing pulpwood production, and the
financial profitability of fast growing pulpwood production with the use of recycled nutrients
from pulp and paper mill sludge.
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From the literature reviews, the major findings were summarized as follows. Pulp and paper
mill sludge is one of the wastes generated from different production processes and wastewater
treatment units within the pulp and paper mills. The sludge is mainly regarded as deinking,
primary, secondary, and combined sludge. Pulp and paper mill sludge has several disposal
options and alternative uses such as landfill, composting, utilization in agriculture and
forestry, or to be reused as a feedstock for pulp making. Concerning the use of sludge in
agriculture and forestry, it is considered as soil amendments and a plant nutrient source.
Secondary sludge usually contains higher degrees of nutrients but more difficult to dewater.
The combination of secondary pulp and paper mill sludge with the other sludges (referred as
combined sludge) then provides more advantages from the mixed properties. The common
sludge transport modes are rail, barge, pipeline, and truck. The most economical option
mostly relies on the sludge quantity and transport distance driving that option optimum. The
amount of sludge applied on agriculture fields or forest plantations varies depending on the
nutrient requirements for the crops being grown, which would affect to the selections of
sludge transportation and application practices. Sludge is most commonly hauled by truck,
and truck also provides an advantage of sludge application on farm lands since the same truck
can be used for sludge spreading with a built-in system.
The materials used in this study are the combination of quantitative and qualitative data
collected through different secondary sources. The data is based on the premises mainly of
previous researches, and partly of statistics. The starting point for evaluating the total cost of
the use of recycled nutrients from pulp and paper mill sludge in fast growing pulpwood
production is to estimate nutrient contents of the sludge to be used based on the selected
sludge characteristics from a secondary data. Afterwards, it is aimed to estimate an
application rate based on the estimated sludge nutrient contents and the defined tree nutrient
requirements. The method for analyzing the associated cost factors was based on a previous
study, and the costs in response to those factors were estimated based on available data
acquired through different previous studies. Since the other main objective is to find the
financial profitability of the use of recycled nutrients from pulp and paper mill sludge in fast
growing pulpwood production, discounted cash flow as a financial methodology is
considered, while net present value (NPV) and internal rate of return (IRR) were the
indicators of the financial profitability. The main data to perform the financial profitability is
the establishment costs of fast growing pulpwood plantation, which were directly acquired
from a previous research and used as basic data. The cost model was designed for the
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pulpwood planation of 1,000 ha in total, with the annual planted area of 100 ha. In association
with the selected rotation period of 8 years, thus the total plantation time is 18 years. Only one
rotation period was considered. The conservative estimate of Mean Annual Increment (MAI)
of 25 m3/ha was defined for the analysis. Only the fertilization cost was expected to be
replaced by the estimated total cost of the use of recycled nutrients from pulp and paper mill
sludge in fast growing pulpwood production, but the comparison with the result from the
basic data is intended.
The estimated sludge nutrient contents were 16.20 g N, 2.92 g P, 2.44 g K per kg of dry
sludge with C:N ration of 25.83:1. A. mangium was the selected tree species to define tree
nutrient requirements, resulting in the requirements of 22 kg N, 20 kg P, and 10 kg K per
hectare in the first year of each annual plantation. Therefore, in order to obtain the mentioned
application rates of the different nutrients (N, P, and K), the amounts of sludge in respect to
the estimated nutrient contents in dry matters were 1,358 kg, 6,853 kg, and 4,107 kg
respectively. By following the requirement of nitrogen, 1,358 kg of dry matter was used as the
estimated total amount of sludge, resulting in the application rate of sludge of approximately
1.36 Mg/ha in the first year of each annual plantation. However, this application rate provided
only 22 kg N, 4 kg P, and 3 kg K. The reason to choose 1,358 kg for the calculation of the
total amount of sludge as it resulted in the minimum final application rate and quantity of
nitrogen. In the cases of selecting phosphorus or potassium, they resulted in the exceeding
final amounts of nitrogen that may contribute to negative impacts to the environment.
The total cost of the use of pulp and paper mill sludge in fast growing pulpwood plantation in
this study only involved transport and spreading costs. In addition, the associated costs
concerning the additional use of TSP fertilizer were considered. Transport and spreading cost
was assumed to be US$49.15/dry ton with inflation adjustment by US’s inflation rates from
1982 to 1994. TSP price was approximated at US$156.4/ton using the average price, with the
spreading cost of US$12/ha, and at the application rate of 30 kg/ha in the first year of each
annual plantation. The fertilization cost applied in the financial model of the fast growing
pulpwood production was designed in 3 different options and their results were as follows:
option (1) was the fertilization cost taken directly from the basic data of the reference study
(US$97/ha); option (2) was the use of pulp and paper mill sludge alone, and the total cost
involved sludge transport and spreading cost, resulting in US$66.75/ha; option (3) was the use
of sludge with additional TSP fertilizer, and the total cost included sludge transport and
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spreading cost, and the price of TSP and TSP spreading cost, resulting in US$83.80/ha.
Comparing to the basic data or option (1), the total fertilization costs by the use of sludge
were lower, with 31.19% lower in option (2), and 13.61% lower in option (3).
The NPVs without discounting of option (1), (2), and (3) were approximately US$234,000,
US$264,000, and US$247,000 respectively. All of the options generated positive cash flow
after the first 8 years, which is when the first planting of 100 ha is harvested and the utilizable
wood products can be sold. The IRRs of option (1), (2), and (3) were approximately 3.4, 3.9,
and 3.6 respectively. The average NPV was US$248,180 while the average IRR was 3.63%.
Even though the cost estimates of the use of recycled nutrients from pulp and paper mill
sludge in option (2) and (3) were lower than the basic data and contributed to higher IRRs,
this increase in the IRRs is still not significantly high compared to 11% criterion.
Additionally, the results of NPVs with discounted cash flows of all of the options appeared to
be negative since 5% discounting. The first sensitivity analysis showed that the total
fertilization costs of option (2) and (3) were slightly sensitive to the change in application
rate, but did not contribute to significantly higher IRR as the IRRs of all of the options were
not sensitive to their fertilization cots. This study has presented that the IRRs of the 3 options
were greatly sensitive to MAI and the sales price or roundwood price at roadside. The MAI of
about 36 m3/ha and the roundwood price at roadside of about US$23-24 /m3 can contribute to
the expected IRR of 11%.
One of the advantages from the use of recycled nutrients from pulp and paper mill sludge in
fast growing pulpwood production is that it can replace some amounts of artificial fertilizers
at lower costs. In addition, the use of recycled nutrients from pulp and paper mill sludge was
discussed as the best practice in forestation compared to agriculture. Moreover, it
consequently supports reforestation program as the declines in forest quantity and quality are
still expected to be offset and it can be done through fast growing pulpwood production with
the alternative use of sludge as a nutrient source. Fast growing plantation can also produce
wood biomass, and the use of sludge as a tree nutrient source is applicable by a similar
practice to that in pulpwood plantation. One of the disadvantages is that the results of IRRs of
approximately between 3 and 4 percent in this study were not very favorable according to the
criterion of 11%. The sludge with improper characteristics especially high in C:N ratio can
cause nitrogen immobilization and possibly limits positive crop yields, an important factor to
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increase financial profitability. Regulatory concerns may restrict and complicate the use of
sludge landspreading and contribute to additional costs and processes required by regulations.
The major contribution was to present the potential of the use of recycled nutrients from pulp
and paper mill sludge in fast growing pulpwood production through this feasibility study, and
it has revealed that this practice was feasible, although the data quality associating to the
study was low. Further researches are considerably valuable and can be carried out with data
collection through primary sources in order to analyze more accurate results and in wider
aspects. Further study can also involve an additional environmental impact through the use of
pulp and paper mill sludge to present the higher value of the plantation area.
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Appendix I, 1

Appendix I
Summarization of all of the parameters used in the calculations of the different fertilization cost options and their
sources.

Parameter

Unit

Cost

Option (1): Basic data

US$/ha

97.00 Acquired directly from Kosonen
et al. (1997).

Option (2): Sludge

US$/ha

66.75 Calculated.

Sludge application rate

Mg/ha

Source

1.36 Estimated based on:
- Rashid et al. (2006) for sludge
nutrient contents;
- Adjers and Luukkanen (1988) in
Srivastava (1993) for nutrient
requirements.

Sludge transport and spreading
cost

US$/dry
ton

32.00 Estimated based on Anderson et
al. (1977); Ferrara and Weber
(1982).

Sludge transport and spreading
cost (inflation corrected)

US$/dry
ton

49.15 Calculated - World bank (2015c)
for inflation rates.

Option (3): Sludge + TSP
Sludge application rate

US$/ha
Mg/ha

83.80 Calculated
1.36 Estimated based on:
- Rashid et al. (2006) for sludge
nutrient contents;
- Adjers and Luukkanen (1988) in
Srivastava (1993) for nutrient
requirements.

Sludge transport and spreading

US$/dry
ton

32.00 Estimated based on Anderson et
al. (1977); Ferrara and Weber
(1982).

Sludge transport and spreading
cost (inflation corrected)

US$/dry
ton

49.15 Calculated - World bank (2015c)
for inflation rates.

TSP application rate

TSP price

kg/ha

30 Estimated based on Adjers and
Luukkanen (1988) in Srivastava
(1993).

US$/ton

156.40 Estimated based on IFPA (2004)
in FAO (2005).

Appendix I, 2

TSP spreading cost (original)
TSP spreading cost (used)

Conversion rate:
1 acre = 0.40468564 hectare
1 Mg = 1 dry ton

US$/acre
US$/ha

5 Estimated based on Ferguson and
McKinley.
12.36

