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The importance of pulp industry coupled with its intensive use of earth resources and its environmental
pollution consequences raise concerns about the industry sustainability. This paper aims to review pulp industry
performance in the context of circular economy, which achieves sustainability by tools of reduction, reuse and
recycle. The study showed pulp industry is moving toward circularity through enhancing productivity by
reducing materials consumption; fiber resource, water, chemical, and energy
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[HTeHCHMBHE BHMKOPUCTAHHS IPHUPOAHUX PECYpPCiB  BHPOOHHWITBA, IO TOETHYETHCS 3  3a0pyJHEHHS
HaBKOJIMIIHBOTO CEPEIOBHINA, CTaBIATh IiJ 3arpo3y CTidKe (YHKIIOHYBaHHS I1allepOBO-IIETIOI03HOT
MIPOMHUCIIOBOCTI. MeToro JaHoi cTarTi € orysig poOoTH ramy3i 3 TOYKH 30py 3a0e3ledeHHs IMpPOJyKTUBHOT
IISUTBHOCTI Y XOIi CTBOPCHHS EKOHOMIYHHX NEepeAyMOB CTIHKOTO PO3BUTKY 3a PaxXyHOK BHKOPHUCTAHHS
IHCTPYMEHTIB CKOpPOYEHHsI, IOBTOPHOTO BHKOPHUCTAHHS 1 BITHOBJICHHS BHPOOHWYHX pecypciB. Y Xxomi
JOCTIKCHHS JOBOAUTRCS Te3a, M0 PO3BUTOK IENIOJIO3HO-TIANIEPOBOi MTPOMICIOBOCTI BiIOYBAETHCSA y HAIIPSIMI
MI/IBUILEHHST POYKTUBHOCTI 32 PaXyHOK CKOPOUEHHS CIIOKMBAHHS MaTepialliB; BOJOKOHHHX PECYpCIB, BOJIH,
XIMIYHHX PEYOBHH Ta €Heprii. Y MiICYMKY CIIOCTEPIra€TbCs CKOPOUYCHHS OOCSTIB MPOAYKYBaHHS BiIXOJiB
BUPOOHMIITBA Ta PIBHS 3a0pyJAHEHHS HUMH HABKOJMIIHBOTO CEPEIOBHUINA, IiJBHILYETHCS TPHBATICTh
BUKOPHCTaHHS OKPEMHX MaTepiajliB 32 paxyHOK IX ITOBTOPHOTO BHKOPWUCTaHHS, IEPEpOOKH, BiIHOBICHHS
CHEPreTUYHUX PECyPCiB, OpraHizamii 0e3BiAX0IHOr0 BUPOOHHUIITBA

HEeJTI0JI03HO-TIANIEPOBA NPOMMCJIOBICTh, €KOHOMIUHMii IWKJ BiTHOBJEHHS BHPOOHHYOI0 HpoOLECY,
CKOpOY€eHHsI BUTPAT, NOBTOPHE BUKOPUCTAHHS, BiTHOBJIEHHS

Statement of the problem and analysis of recent researches and publications. The
pulp and paper consumptions are used as indicators of the socioeconomic development of a
nation [19]. The USA-EPA [22] classified pulp and paper industry as one of the major
industry on the nation level. The pulp industry was traced back to the Chinese civilization in
AD 105; however, it is still one of the very important industries in the world [2]. Kesalkar et
al [9] reported that the annual increase in paper demand is 5 to 6%. Currently, the pulp
industry annual supply of paper meets the demand of 5 billion people all over the world [2].
Moreover, paper production by 2020 is estimated to be 500 million tons [7]. The pulp
industry is one of the most consuming industries of earthly resources, including forests
(wood), water and energy. Furthermore, the pulp industry is classified as one of the major
industries that causes pollution in the globe [22; 18; 20], which releases 0.1 million tons of
toxic pollutants annually [3]. Wastes that are generated by this process are in three forms;
liquid, solid and gas that need careful handling, treatment and disposal [7].

Forests are playing a crucial role in handling carbon dioxide problems (e.g. climate
change), and they also contribute to ground and surface water resources. In the USA, Sappi
[16] reported that forests contribute to about 67% of the fresh water, while 54% comes from
timberland. Furthermore, the authors in [16] emphasize that forest industry consumes just
0.4% of the forest contribution to fresh water resources. Pulp and paper industry demand for
water is expected to increase from 8.3 million in 200 to 4 million in 2020 [9]. Raw materials
used by India’s paper industry, which is classified as the world’s 20th largest paper producer,
comes from recycled paper, about 30%, and the rest comes from wood and non-wood sources
[9]. The pulp industry, which is a highly water and energy intensive process [20], consumes
4% of the world energy and thus is classified as the fifth largest energy-consuming industry
[7]. All in all pulp and paper industry is one of the largest water consuming industries [9; 20].
The importance of the pulp making industry coupled with its intensive use of earth resources
and being one of the major polluted industries raises the concerns about the sustainability of
this industry. In line with this need for sustainability, and the global demand for sustaining
life on earth, the circular economy concept has been initiated and is currently being developed
to handle sustainability issues using practical tools.

Circular economy is an ecology economy-based concept [8; 13; 25] that is based on
the efficient management of earth resources within the frame of the earth ecosystem
components and its working principles. On one hand, the components of the ecosystem are
biotic and abiotic; i.e. living and non-living elements, respectively, that form the natural and
synthetic working atmosphere of the earth resources. On the other hand, the principles of
ecosystem management are based on efficient use of the resources and zero-waste generation
and the tools to apply these principles are the concepts of reduce, reuse and recycle.

Statement of the objective. The aim of this paper is to review the performance of the
pulping industry in light of the circular economy principles, with the focus on forest, water
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and energy resources. The industry performance is reviewed according to the circular
economy approach: reduce, reuse and recycle.

The main material. Methodology. The production factors of pulp industry are:
material, energy, labors and capital. The concerns of this study, is the flow of material and
energy flows throughout pulp industry and their compatibility with circular economy concept.
The main materials are the fiber sources, water and chemicals, while energy forms are heat
and electricity.

The approach that was applied in reviewing the performance of the pulp industry was
based on reviewing the industry performance under two different scenarios. The first scenario
applied the linear economic model principles, which are based on take, make and waste [14].
The second scenario applied the circular economy principles of reducing, reusing and
recycling [8; 13; 25]. The reduction concept is based on reducing resources’ consumption, by
improving the efficiency of the production processes, and reducing waste generation. (1)
Reducing resources’ consumption and waste generation can be achieved also via the (2) reuse
concept that aims to extend the product life through frequent use of the product without major
changes in its original form; namely with simple repairing or modification and through (3)
recycling the product into new product; which is achieved by applying large modification or
bringing it back to its original components and/or material to be used for new applications. It
is clear that the three principles; reduce, reuse and recycle are very interrelated.

Linear Economic Model. Pulp Production. The aim of this model is to produce a final
profitable product that meets market demand and requirements, where profitability is a major
issue for any industry. In line with this business model framework, what serves pulp
production is pulp quality requirements, which in turn determine the type and the source of
pulp raw material and the production processes [19]. Many fiber sources have been from
wood sources, such as hardwood (e.g. oak, maple and walnut) and softwoods (e.g. pine or
spruce) that are distinguished respectively by short and soft, and long and strong fibers. Each
of these fibers has its specific applications. Furthermore, many of the production processes
have been developed to produce the required quality; these processes are mainly mechanical
pulping, chemical pulping and hybrid pulping that combines both mechanical and chemical
pulping [7; 9; 19]. Most of the pulp and paper industry was established close to water course
to meet its high water demand [20].

On one hand, mechanical pulping makes about one third of virgin pulp production
worldwide [5; 6; 21]. These processes include Ground Mill Pulping (GMP) and Refiner
Ground Mill (RGM), which produce pulp without removing lignin and the produced pulp is of
short and weak fiber [15]. The mechanical pulping is distinguished by its high yield (90-95%)
[19], very energy intensive and the pulp quality is limited for specific uses [7]. On the other
hand, chemical pulping removes lignin and hemicelluloses to produce pulp of high purity of
cellulose fiber [21]. The chemical pulping, in comparison with mechanical pulping is less
energy consumption, but has low yield (40-50%), and high chemical consumption that has an
impact on the profitability and the amount of waste produced [19; 21]. Chemical pulping is the
dominant pulping processes with Kraft pulping (alkaline process) is ranked first in terms of
use, others chemical processes include sulfite (Acidic process), soda and Neutral Sulfite Semi
Chemical (NSSC). Chemical pulping, especially Kraft process, produces the strongest pulp,
brown in color that can easily be bleached and is very bright [21]. Furthermore, its quality is
high and can be used for high quality applications [21]. The advantage of the Kraft pulping is
the potential of producing all sources of fibers using different types of wood that includes hard
and softwood as well as non-wood sources that include bamboo, some kinds of grasses, kenaf
and others [9; 20]. The hybrid processes include Thermal Mechanical Pulping (TMP) that pre-
steams the fiber sources before mechanical treatment. Other process is the Chemical Thermal
Mechanical Pulping (CTMP) that treats the fiber sources by chemical means in addition to the
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thermal and mechanical treatment [19]. These hybrid processes are developed with the aim to
overcome some of the negativities of chemical and mechanical pulping processes [1] such as
energy consumption and chemical consumption while maintain the required quality. Hybrid
processes have higher yield than the chemical processes but have less energy consumption
than the mechanical.

Outputs of the production processes. The outputs of the pulp production processes are
not only pulp, which is the main product, but also wastes that include; wastewater, solid waste
and air pollutants (Figure 1). These by-products are discharged to the environment; namely, to
water bodies, soil and air. Increasing demand and industry expansion has increased the burden
on the environment to the extent that these wastes become unmanageable anymore by the
natural processes of the environment and hence require human action. Therefore,
environmental regulations have been developed and become guide to control the discharge to
the environment; such as the standards of reclaimed wastewater discharge that have been
developed on the country bases. In response to the emerged situation, the linear economic
model has focused on the end of pipe management of these wastes.

Many stages and different technologies have been developed for treating pulp
wastewater that include mainly two stages primary and secondary treatments, and in some
situations tertiary stage is applied. In each of these stages different types of treatment
technologies have been applied that includes basically; physical, chemical, biological and/or
physio-chemical processes [10; 11]. While solid waste is mainly handled by combustion,
incineration and/or land fill as final disposal stage or option [12; 24]. Air pollutants treatment
focus on filtration, air scupper and other physio-chemical techniques [4].This end of pipe
approach in handling pulp industry waste require extra investment and thus significant impact
on industry profitability and it is sustainability on the long run.

A A A
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Solid Waste
(Sotl

Waste Water
Air Pollution

Fiber source Pulp Pulp
processes

A 4

Water
Energy

Figure 1 — Schismatic Diagram of the Inputs and Outputs of the pulp industry
Source: compiled by the authors.

Circular economic model. The aim of this model is to sustain the final product that
meets market demand and requirements, and make certain profitability. This objective
highlights the pillars of product sustainability, which includes environmental, social and
economic aspects that should be kept in harmony. The core of sustaining the production
process is to view the waste as a valuable resource that should be handled carefully. The
circular economy concept stresses that the core of the industrial process sustainability is the
efficient management of the resources, which means increasing productivity with zero waste.
The tools of this concept are: reduce, reuse and recycle.
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Reduction. The reduction concept is based on reducing raw material consumption,
namely increasing production efficiency and reducing waste generation, if not eliminating
waste altogether. Waste elimination, along with increasing production efficiency, reduces
negative impact on the environment and boosts industry profitability. Production efficiency is
enhanced initially by reducing raw material consumption, for the same amount of production
and through modifying production processes. Approaches that are applied to achieve this are
many including:

Reducing material consumption. Reducing material consumption in pulp industry
entails (a) using fiber sources of higher yield, such as hardwood that has higher pulp yield
than the softwood; however for specific pulp quality using softwood is a must. (b) Using fiber
sources that are more environment friendly such as: raw material with short cultivation period
such as grass, bamboo and kenaf [9; 20] reported that agro-waste such as vegetables,
bagasses, rice husk; fibers and also waste-paper is environment friendly. (c) Using the
byproducts of other industries such as wood sawing residual to replace logs and/ or (d)
utilizing logs from only certified forests that comply with specific environment regulations
[17].

Furthermore, reducing water and energy consumption in pulp industry involves (a)
using water discharge from one process to other processes, based on the quality of effluent and
the required quality of the influent. This reduction in water consumption is directly linked to
energy consumption in the pulp industry. The reason as reported by Sappi [16] is that water
should be heated or steamed in order to be used in pulp production, such as in the digestion
and washing processes.

Reduction of material consumption can also be achieved through production processes
by; (a) Developing new techniques for pulp production, whenever possible, that reduce
resources consumptions such as Kraft and sulfite processes, which use less energy than
mechanical processes [19]. Furthermore, modifying the mechanical processes to TMP in
order to reduce energy consumption and to CTMP to reduce chemical consumptions as well
[1]. (b) Modifying and replacing the common bleaching process by elementary chlorine free
(ECF) and total chlorine free (TCF) to reduce hazardous discharge to the environment [17;
18; 23]. (c) Replaying the hydraulic debarking process by a mechanical process to
significantly reduce water consumption [9]. (d) Developing recovery process to reduce
chemical consumption, such as recovery boiler and suing lime kiln in the Kraft pulping [21],
and / or (e) Introducing biofuel and wood residue that include bark and others, to operate the
power boiler in order to produce steam and thus reduce fossil fuel consumption [19].

Reducing waste production. Waste reduction is achieved by reducing waste generation
and reducing waste discharge. Reduction of waste generation is achieved in parallel with
reducing material and energy consumption; such as (a) reducing solid waste generation by
using biofuel power boiler. (b) Reducing wastewater generation by moving from hydraulic to
mechanical debarking and using a recovery boiler and / or (c) Reducing air pollutants by
developing technologies to recover some of off-gasses; e.g. Sulphur, to prevent its discharge
to the environment [4; 23].

Reducing waste discharge can be achieved by handling waste that could not be avoided
in the production processes. For example, applying different techniques for treating
wastewater to prevent discharge of pollutant to the environment. Pulp wastewater sources are
two; process wastewater and cooling wastewater [16]. Treating process wastewater is a must as
it consists of organics and inorganic materials in addition to the microorganism that have
negative impact on the environment [16; 23]. Cooling water needs at least treatment to reduce
its temperature to environment temperature [16]. The solid waste in term of sludge that is
result from of lime kiln and from wastewater water treatment plant, is handled different by
techniques such as dewatering followed by incineration and/ or as last step is landfill disposal
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[16]. Furthermore, in some situation the fiber in wastewater could be recovered for reuse or
recycle in pulp mill and last step is landfill disposal [16].

Reuse. The reuse concept aims to extend the life of the products/ by-product, but with
no or simple modification in its original form. In this framework the reuse concept views
things that have no values, and have been classified as waste, as valuable resources that can
be used for other purposes. Therefore, many of the by-products of pulping industry are treated
as resources for other applications. Among these reuses are; (a) using by-products such as
barks, dissolved lignin and hemicelluloses as energy sources to reduce energy consumption
(b) using spent paper in production of pulp to reduce raw material consumption. (c) Using the
handled sludge and ash as fertilizers, and (d) using high pressure steam to generate electricity,
low pressure steam for heating, and then using the condensate in steam production, all of
which reduces energy consumption. Furthermore, treated wastewaters can be used for many
internal purposes.

Applying the reuse concept required developing production technology and guidelines
for the proper reuse. At the technological level, for example, a rotary kiln and recovery boiler
have been developed to burn barks, and lignin & hemicelluloses, respectively. Another
example of technological advances to apply the reuse concept is; dewatering the sludge
produced by wastewater treatment plant before combusting or composting it. At the
management level, for example, keeping different types of wastes, even of similar forms,
separated based on their characteristics and potential applications. It should be noted that
wastewater discharged from the industrial process is different in its characteristics from those
of water discharged from the cooling process [1]. Even more while pulping process produces
heavy loaded wastewaters, bleaching process produces wastewater that is less in organic loads
but carries more hazardous materials [7].

Recycle and Recover. The recycle in pulping industry entail (a) recycling the digestion
solution after combustion in recovery boiler and (b) recycling of lime (CaO) after treatment in
the lime kiln. In the meantime the recovery involves recovery of energy in the form of heat in
rotary kiln and recovery boiler, which is converted to electricity in some situation.

Conclusions and prospects for further researches. Pulp industry is consumes
energy and water intensively. It basically relies on forest wood material that is one of the most
earthly valuable and endangered resources. The importance of this industry to human beings
attracts the attention to sustain both: this industry and the environment.

The methodology that we propose in this paper focuses on evaluating the performance
of this industry, and it is based on analyzing two scenarios: (1) the base line scenario that
applies the traditional linear economic model and (2) the circular economic model scenario,
which was based on sustainability.

The review and analysis process revealed that the pulp making industry is moving
forward towards circular economy. This was indicated by its performance in: (1) reducing
resources consumption and waste production, (2) reusing some of the materials in different
applications, and (3) minimizing waste production through recycling and recovering material
and energy from what was previously treated as waste.
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I_IeJ'[J'[lOIIO:iHO'ﬁyMa?KHaﬂ INPOMBINLICHHOCTH. IPOU3BOJAUTEJIbHOCTh JEATCIBHOCTH H

IKOHOMHUKHU BO300HOBJICHHS PeCypPCOB

VHTeHCcHBHOE UCHONB30BaHME MHPHUPOJHBIX PECYpCOB MPOU3BOJCTBA, KOTOPOE COUETAETCS C
3arpsi3HEHUEM OKpPY’KaIOIEH cpeasl, CTaBUT II0J yrpo3y YyCTOW4YHMBOE (YHKIMOHHUPOBAHHE IEJUIIOJI03HO-
OyMakHOW TPOMBINUICHHOCTH. llems nmaHHON cTaThui — 0030p OTpacim C TOYKHA 3PEHHS OOECIIeYCHUS
TIPOM3BOIUTEIIFHON JEATEIEHOCTH B XOJE CO3MaHUS SKOHOMHYECKHX YCIOBHU CTOMKOTO Pa3BUTHSA 3a CUET
WCTIONB30BAHUS ~ WHCTPYMEHTOB  COKpAIIeHHs,  IOBTOPHOTO  WCIONB30BaHUS W BO30OHOBICHHSA
MIPOM3BOJICTBEHHBIX PECYPCOB.

B xone uccnemoBaHuii 00OCHOBBIBAETCSl TOYKA 3pPEHUS, COTIACHO KOTOPOW pa3BUTHE IEJUTIOIO03HO-
OyMa)KHOM TPOMBINUIEHHOCTH MPOMCXOJUT B HANPABICHHU MOBBIICHUS MPOU3BOJUTEILHOCTH 3a CYET
COKpAIlleHUs] TOTpebeHUs MaTepualioB, BOJIOKOHHBIX PECYpCOB, BOJBI, XMMHUYECKHUX BELIECTB U HHEepruu. B
pe3ynbrare HaONIOJAeTCsl COKpalleHHe OOBEeMOB OTXOJOB NPOW3BOJICTBA M YPOBHS 3arps3HEHHsT HMHU
OKpY’Kalollel cpenbl, TOBBIIIAETCA JUIMTENBHOCTh MCIOJIB30BAHUSA MAaTEpUaNoB 3a CUET HX IOBTOPHOTO
HCIIOJIb30BAHUsI, MepepabOTKH, BO30OHOBICHHSI DHEPIeTHUECKHX PpECypCOB, OpraHW3aldd Oe30TXOIHOTO
MPOU3BOJICTBA.

Mertononorus, KOTOPYIO MpenjaraeTcsi B JaHHOW CTaTbe, MO3BOJISET YACIUTh OCHOBHOE BHUMaHHUE
oreHKe A(PQPEKTUBHOCTH (PYHKIIMOHUPOBAHUSA OTpaciy, KoTopas OasupyeTcs Ha WCIONBb30BaHUH IBYX
CIICHapHeB: 0a30BOT0, B OCHOBE KOTOPOTO JISKUT TPAIWIIMOHHAS JTUHEWHAs MOJENTh YKOHOMHKH, W CIICHApU
KPYTOBOH SKOHOMHUYECKOM MOJIENN, KOTOPHIN 00ecleurnBaeT yCTOHUNBOE Pa3BUTHE.

LeJLTI0JIO3HO-0yMAa:KHASl MPOMBIIIIEHHOCTh, JKOHOMUYECKUH HMKJ BO300OHOBJIEHHS] IIPOM3BOJACTBEHHOIO
Npouecca, COKpaleHne pacxo10B, IOBTOPHOE HCII0JIb30BaHNe, BO30OHOBJICHHE
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MeTon0/10Ti4YHI aCIeKTH TOCHiIKEHHS YIPABJIIHHS MAPKETHHI 0BOIO
AIAJILHICTIO OyAiBeJIbHUX MiANPHUEMCTB

VY craTTi po3KPUTO METOMONOTIYHI aCIeKTH MOCTIKCHHS YIpPaBIiHHA MapKETHHTOBOIO IisSUTEHICTIO
OyniBenbHUX mianpuemMctB. OOIrpyHTOBaHO BHOIp mHpeamery, 00’€KTy, MeTH AociikeHHs. OOrpyHTOBaHO
JIOTIKy Ta CYTHICTh 3MICTY JOCHTI/DKEHHS, LI0 MICTUTh TEOPETHYHI OCHOBU YIPABIIHHS MapKETHHTOBOIO
JUSUTBHICTIO OYHIBEJIBbHHUX MiANPHEMCTB, METOOJOTIUHI 3acaly TOCTIKCHHsT 00paHol MpoOIeMaTHKH, CTaH Ta
TEHJCHIIT PO3BUTKY YINPABIIHHSI MapKETHHIOBOIO MisUIBHICTIO OYIBEJIBHUX IiJIPUEMCTB, KOHIENTYaJIbHI
OCHOBH Ta OCHOBHI HAaNpsIMKH YJIOCKOHAJCHHS YIPAaBIIHHA MAapKETHHTOBOK ISUTBHICTIO OYIiBEIBHIX
T TITPUEMCTB.

YIOpaBJiHHA MApPKeTHHIOBOIO [islIbHiCTIO, OyAiBeibHe MiANPHEMCTBO, METOI0JIOTisl, MEHEIKMEHT,
MapKeTHHT
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