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ABSTRACT

Despite the continuous introduction of new materials and technologies in the production
of wood-based composites, hardboards (HB), remain in the range of wood products, due to their
good consumer and exploitation properties. The production of these products is characterized
by the intensive consumption of raw materials. In the wet production process, much of the raw
material used is taken up by water involved in the formation of the wood-fibre mat. It forms a
significant share in the value of the finished product, resulting in a smaller added value. At
present, the utilization of wastewater from the production of the HB is unsatisfactory. Its high
fibre content creates sludges that can be recycled or thermally utilized. The present study is
aimed at reviewing the possible methods of utilizing the wastewater and fibre sludge in it. This
will provide the Bulgarian producers with a means of enhancing production efficiency and ap-
plying the circular economy principles.
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uid sludge contains large quantities of resid-
ual wood fibers as the main organic compo-
nents (Ochoa de Alda J.A.G. and Torrea J.A.
2006; Ochoa de Alda, J.A.G 2008, ], thus rep-
resenting a potential feedstock for manufac-
turing wood-based panels (Davis, E. et al.
2003; Geng, X et al. 2007; Migneault, S. et
al. 2010). The residual fibers are significantly
different in composition, even between fac-

INTRODUCTION

The global pulp, paper, paperboard, and
wet-process fibreboard production in 2019
was estimated to approximately 621 million
tons, with the USA and China being the ma-
jor producers (Forest Product Statistics).
Consequently, these production facilities
generate substantial amounts of non-hazard-
ous sludge and solid waste, requiring further
waste management or utilization as by-prod-
ucts (Ochoa de Alda, J.A.G 2008). Currently,
the main methods of disposal of the primary
sludge are landfilling or burning for energy
generation. However, due to the stricter envi-
ronmental legislation and increased land-
filling costs in the EU, the industry is search-
ing for alternative waste management meth-
ods.

tories using the same pulp and paper produc-
tion technologies (Scott G.M. and Smith A.
1995; Simao, L. et al. 2018).

The utilization of waste in the Bulgarian
woodworking industry is a problem of con-
stant relevance. In recent years, the problem
of wood raw materials has become very dif-
ficult for many wood-processing companies.
Uncertainty in the national and international

Most of the suspended solids are re- economy requires high production efficiency

moved during the primary mechanical
wastewater treatment, and the resulting lig-

and cost savings.
Circulation flows (close-loops) in the
context of the circular economy have become
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a leading sustainable alternative for improv-
ing the supply of input resources. Hardboards
(HB) production, wet-process fibreboards,
includes a variety of raw materials - from wa-
ter to chemicals for resin production. On the
one hand, this feature forms a large capital
intensity of production, and on the other hand
opens opportunities for the application of the
circular economy principles and methodo-
logical framework. The present work aims to
identify possible options for the reuse of
wastewater and wood fibres from the produc-
tion of HB. The object of the research is an
enterprise for the production of HB in Bul-
garia, representing a typical example of the
need for supply improvement in the context
of a circular economy.

THE CIRCULAR ECONOMY AS
AN ALTERNATIVE FOR MATERIALS
SUPPLY

Circular economy (CE) lies on close-
loops (Jawahir, 2016), waste in many types
of its appearance is recovered (Gregson et al.,
2015), and the exhaust materials are turned
into resources (Valavanidis, 2018). Being an
alternative, the circular economy lies on the
economic (resource) efficiency (Geldermann
et al.,, 2016) and the so-called consequent
business model (Ionescu et al., 2017). This
means that the implementation of the CE as
an activity in every day enterprise operations
causes benefits and costs (see Kharazipour
and Kiies, 2007; Daian and Ozarska, 2009;
Lagray, 2009). In many cases, it comprises
the decisions in strategic levels and as
McCormick and Kautto (2013) state — in the
phase of planning. The most common in the
research on the CE implementation in wood
processing is focused on the cascading of
wood residues (Risse et al., 2017) or the top-
ical problem of scarcity (Mair and Stern,
2017).

Currently, the utilization of wood waste
has been focused on research topics and the
practice of particleboard production (Faraca,
2019), to some degree to MDF production
(Daian, 2009) and the other panels have not
been profoundly investigated. In the context
of the present study, wastewater recovery
should be considered as recycling. Recycling
is focused mostly on fibres (Antov and Savov
2019, Antov et al. 2019), which is appropri-
ate for the sludge and panels (Wang, 2014;
Roffael et al. 2002, Roffael et al. 2010, 2016,
Mantanis et al. 2004). This kind of utilization
should create the so-called inner-circles (EI-
len-MacArthur-Foundation, 2013).

MATERIALS AND METHODS

Methods for evaluation of investments
and making managerial decisions under un-
certainty were used in the present study. In-
vestment alternatives are elaborated with the
information given by the enterprise investi-
gated. The enterprise is the biggest producer
of hardboards in the country. The enterprise
can apply wastewater recirculation after the
production stages. Significant costs related to
the treatment of wastewater are made each
year. Almost 75% of water is being treated
inside the internal treatment plant and the re-
maining part (25%) of the water is being re-
located to the external plant. There are sev-
eral possibilities to recirculate the water and
each of them causes costs and benefits. The
costs are calculated as follows:

Costs for exploiting the new system for
wastewater recirculation:

€1 = e V.S, 1)

Where crec are costs per m* water sup-
plied to the basin after the completion of the
operation i, mechanically treated and trans-
ported again to the operation;

Vi — the volume of the wastewater out-
going after the operation i.



POSSIBILITIES FOR UTILIZATION OF WASTE WATER AND RESIDUAL WOOD FIBRES ... 39

S — the share of the wastewater after the
operation i being recirculated.
Costs for internal treatment:

€2 = Cin.V:.0,75.(1—5) Q)

The costs C2 are corrected with the
share of water being internally treated. The
volume of the water being fed to the treat-
ment plan is reciprocal to this supplied to the
basin.

€3 =p.V.0.25.(1—-5) 3)

Where p is the price per m® water sup-
plied to the external treatment plant after the
completion of the operation i.

Determining the benefits is a more sub-
jective process. In the theory the benefits
could be economies in the new process ap-
peared after the implementation of some ra-
tionalization. The benefits in the current
study are derived from the water being recir-
culated and consequently saving money due
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to less intensive wastewater flow fed to the
treatment plant per period. The equation is as
follows:

B=""2-C2+C3 “)

The costs for recirculation are assumed
to be proportional to the share of recirculated
water. They are derived from the costs for the
internal treatment of wastewater, but exclud-
ing the labour costs. The reason is that this
intermediate cleansing process does not re-
quire particular workplaces. The tasks for
controlling the new recirculation system can
be incorporated into the job description of the
current jobs.

RESULTS

The savings generated by the system per
year are shown in Figurel. More water-inten-
sive operations generate greater benefits to
the enterprise.

60% BO% 100%
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Figure 1: The economies from reducing the treated volumes per year in BGN currency

The graph shows that the water released
during the laying of the wood carpet leads to
the greatest savings if it is recycled. As the

share of recycled water increases, the im-
portance of water-intensive operations in-
creases. The study assumes that as the share
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of recycled water increases, the operating
costs of the system increase proportionally.
In the enterprise - an object of study, the costs
for maintenance of the system without those
for labour are constant. Therefore, it can be
expected that when building an installation
with a volume corresponding to a certain re-
cycling rate, the operating costs will be con-
stant. As shown in the figure, the recycling of
all operations enhances the effect of recy-
cling as much as possible wastewater is fed
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to the system. The annual amount of the
economies is about 21 371 BGN. That means
that the system can reduce the costs for exter-
nal treatment by about 30%—70%.

The main parameters of the calculation
model applied are presented in Figure 2. Dur-
ing the research, it appeared that two break-
evens exist in the enterprise’s treatment and
water supply system.
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Figure 2: Graphs of the costs by types and net benefits of the recirculating system being estimated

As seen in Figure 2, the first break-even
appears at the level of 45% recycled
wastewater for all operations within the pro-
duction process. After that level, the enter-
prise can expect that the recycling system
should become efficient and it is worth build-
ing. After the second break-even, the recircu-
lation system could generate lesser costs than
the net benefits for the overall treatment sys-
tem. Recirculation and reducing water vol-
umes to the levels of 80% per given period,
for example, a year, can generate economies
sufficient to be improved the entire system
for treatment. The second breakeven is
highly theoretical, but it could appear if the

new recycling system reduces the volumes
fed to the internal treatment plant. After this
point appear the questions about the organi-
zation of the entire process. The enterprise
can improve the capacity of internal treat-
ment.

Due to the ambiguous nature of the pre-
liminary assessments here, the risk for invest-
ments in the installation for recycling the
wastewater is calculated using the Hurwitz
criterion (Jeantet and Spanjaard, 2009) with
a 90% probability of failure. Results are pre-
sented in Table 1, along with the minimal pa-
rameters of the investments in the recirculat-
ing system.
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Table 1: Results for the estimated framework of future investments in the recirculating system at 45%

break-even
Operation Minimum invest- Pos's1ble Possible Risk level — mar-
type ment costs, BGN operating costs, net benefits, ginal increment
yp i BGN/year BGN/year
Carpeting 36232 19 073 13043 low
Other operations 33528 17649 12070 low
Va"“““;nc:hydmt' 19468 10 248 7008 high
All operations 93338 49 135 33601 high
Cleansing of arti- 4110 2163 1479 low

cles

Due to the ambiguous nature of the pre-
liminary assessments here, the risk of failure
of a particular alternative has been assessed
by marginal increment between risks esti-
mated through squared deviation between
minimum values of net benefits and expected
ones under the Hurwitz criterion. The results
in the table show that there are individual op-
erations that are critical to the results of the
construction of the installation. These in-
clude carpeting and so-called other opera-
tions like mechanical dehydrating and press-
ing. The risk of investments comprised all the
operations is high, but as was shown before,
the net benefits are big and allow the enter-
prise to take additional measures in improv-
ing the water recirculation system. For all the
investment alternatives the expected (fore-
casted) period of return is from 2 to 3 years.
If the conditions improve, for most of them
the return period would be almost a year.

Another advantage of wastewater recir-
culation is that the share of waste fibres will
be significantly reduced. At present, despite
the presence of flocculant, approximately 15
tons of fine fiber fraction are lost in 24 hours.
These fibers are currently used for the pro-
duction of heat energy.

CONCLUSIONS

The study showed that building a
wastewater recirculation plant would be a
very effective investment. The existing

thresholds regarding the investments were
found out. If the company management de-
cides to invest in something small with less
expenditure, the result could be almost invis-
ible in the context of annual costs for treating.
The installation should include at least the
main water-consuming operations. Only by
this way, the production process could gener-
ate scale economies to reduce costs and es-
tablish foundations for general innovations
like treatment plant improvement, or other
technological ones. In a deterministic man-
ner, if the pessimistic criterion does not hap-
pen, the possible benefits for the enterprise
can be more than 1% per year costs savings
and consequently opportunities for reduction
of unit costs for HDF being produced in the
enterprise.
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