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Abstract

The purpose of this study analyzed the overview of corrugated cardboasrd manufacturing industry and then provide
direction for improvement. The BREF (BAT reference document) is an important reference for licensees and officer, including
the best available techniques for the industry and achievable environmental performance, technical characteristics, and
economic information. In the corrugated cardboard manufacturing process, wastewater pollutants are generated throughout the
production process, and water is used in the dissociation and aging process. Atmospheric emissions are mostly generated by
steam production from boilers and incinerators for the dry process. SO,, NOx, CO,, CO, HCIl, dust, VOC, and odor were
common. In the EU-BREF (European union BAT reference documents) BAT for wastewater have taken up a relatively large
proportion. Items of water pollutants in wastewater were common in COD, BOD, N, P, SS, and however EU-BREF had
different pollutants such as AOX and salt compared to K-BREF. In order to improve the quality of the K-BREF, it is necessary
to devise basic data research method and data acqusitiom method. Consideration should be given to additional environmental
management techniques that reflect the emissions characteristics of the corrugated cardboard manufacturing process. In
addition, further research is needed to develop methodologies for selecting BATs considering environmental and economic
feasibility.
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THPark, 2016). HZ7}187|¥ 7|Z4|(K-BREF, Korea
best available techniques reference document)= 5%+
A= A 72 oh, A AlREALYI
of| gi5=o] mjedE ofgolct. Seol w3t HES] A
42 e A2 1970 FFo= dAPIA H7lE 2,
471 9 571 AR 5 1339 7147} ohaE ek
227M87 1R 714t sl Akl S s AIEE
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o] AEE pERIh EIT HAVNET Y EA7 s

s A 71ed 54, AR AR 55 A Qlol,
] 9 3Gl -8R 2AOIHKim et al.,

2017). AT} 2020E5E= SOx, NOx, CO S 7|2
HE=E ST 870l AdskElo] ARelN Y] o=
2ol gk 7149l o] Hashot webA ¢F
H 34 9 HiE B4 weteto] ARl A871sgt
A7 S =Eslal(Park, 2017), o5 2143 2]
Boto] 2528 TS ol A2 s EEE
Q5te] o F-asick

Faz-Fo] A2y Ajesat Eshidel SlofAl
ARl Al = RlIRIG Fol itk o 2 ol
o] A= LERA 4= QItH(Kim et al., 2010). =] A
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(MOE-NIER, 2018). &1 g-Ao)|A tleke] 847} 4H]
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NOx 55 Alofs] flaf e7gelol thigh AHF=A 7t
A|&# 0 2 I Q3 ¢Lo|cHKEITIL 2015).
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Manutacture of pulp
paper and paperboard products

‘ C ltem ‘

1 Pulp, paper and
paperboard

m Fulp - 17110 Pulp

7 | Paper and

paperboand

- |mn Newspeint

ma2 Printing and writing paper

ma Kraftpaper and paperboard

Fig. 1. Classification of pulp and paperboard industry.
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Waste Solid !
water waste :
STt Waste
Water > Repulping water,
Dust
Waste
water,
waste, . .
Dust Incineration
Waste
Water —»| Concentrate water
Water
PH, BOD, COD, S5, TN, TP, ABS,
Dry strength Refiner, Waste [laiegrenss Cu. Ba, Hg. Pb. CN, DEHP, 1.4
additives, —™hq4dition of chemica water Physicochemical, Dloxa.n Se, Zn, Mn, Fe, Phenaol,
Sizing agent, Biological treatment mCMWmemme, TCE.
Tackifier, Dye 1.1-Dichlorosethylene, n-hexane
water
Cyclone,
Waste
5 SOx, NOx, CO, HC1, NH;, Dust,
Water —»| Dehydrate water, il Stylene, Pb, Cu, PCDD, Fe, Zn,
Order Scrubber, Mn, Exhaust, Dichloromethane
SHNCR
Water —» Drying Waste
water
T [Stream production unit]
‘ Boiler ‘ SRF boller ‘ ‘ Incineration ‘
Cutting T T T
LNG, SRF, Domestic waste,
B-C BIO-SRF Industrial waste
Fig. 2. Corrugated cardboard process in K-BREF.
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fuel

cases)

= Electricity from the public grid

= Fossil fuel (gas, oil, coal) for
steam and electricity generation

= Biomass, rejects, refuse derived

= Purchased steam (only a few

Process aids:

= retention aids

= anionic trash catcher

= tensides

= de-foaming agents

» biocides

= spap, dithionite, NaOH, H;0;, NaSiO
» acids and alkali

» anti-scaling agents

= Cooling water

| Water I— = Process water
= Boiler feed water’

Product aids:
» sizings agents

=+ fixing agents

= dry and wet strength agents

s dyes

» optical brighteners

» other depending on the product

Additives

properties
Integrated RCF paper mill
- Products:
Major atana. Pulping of recycled fibres Bleaching (optional) - diﬂem{;m of
p ::r?:h 2 SI2Ing | popermachine | Coating (optional) rissm. newsprint,
(optional) carton board)
Dyeing B:;';:ﬁ;" Waste | waste |-=| Other valuable output |
(optional) plant treatment |
+ Residues for utilisation
= Electricity in some cases
MNoise and N
ibsabng From energy generation:

* 503, NO,, CO;, CO, HCI, dust
Emissions depend on:
- type of energy supply

A - type of fuels used

Waste k.
noat o air | —[EReray]

and water

Solid waste » Biosludge
= Rejects, deinking sludge

I Air emissions |—

= Chlorinated organics (AOX)
@_ = Nitrogen, phosphorus

From the process:

= small amounts of volatile
organic compounds (VOC)(")

= vigible gluma

= adour (%)

(") only for a few paper grades

{*) can mostly be avoided

= Organic substances (COD, BOD)

» Suspended solids
= Salts
= Coloured substances

= Sludge from raw water treatment
= Primary sludge (fibres, fillers, coating pigments)

= Ashes from steam/power generation
= Sludge from chemical waste water treatment
» Small amounts of other types of waste

Fig. 3. Overview of an integraed mill for processing paper for recycling.
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o] E|QUe}. =3t =R WAt layer SH} YRR AR
= HX9] o4 2 Hig= FoprlolE fHsiglow,
A7t 8 HRA A5 f7]=o] i EAysklh
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T RISy EHAEA] Al o] SRS
ZE=BOD, COD, SS, TN, TP o] =]}, 7|eldA)
715 g2 o 2= ABS, n-H, Fe, Zn, Mn, Ba, Cu, Pb,
CN, Phenol, DEHP, 1.4 Dioxane, Se, CH,Cl,, TCE,
1.1-Dichloroethylene, AJE}=A], A% 50| J3ict

EU 7|=A(EU-BREF)of|A= HIAE 283t 54
o] W7 kst e HE4 JHEo] COD, BODe} 2
o 471843, AOX, N, P, SS, @&, M=, Cu, Zn,
Chlorophenols, Polychlorinated biphenylsS X§}5}1%]
ok U 7IeAolME tEedEE B S AOX, 9
= o Z[eREREC R areiie] opdellA] Ale]
= ek vhE A A] S efshr] fiek Y
B e follAet Helehs ZoR UERkith
15l SEHE e s v BRE vislE
A sferlElE AHE, vle Aozl wet
COD, BOD, AOX, M= £ % 217}7]¢] 3H20|| tjst
& 7|58 AL AUEHEPA, 2012). 7iuth= BOD,
COD, TSS, Cu, Pb = 177}X)¢] #&)7|1&E T3 =Y
E|HS AA5HL Q1% 2 H(Editeur official du Quebec,
2019), %32 4] BUE 71 71ol=ol4 15744)e]
3ol sl E2star AJUTHMEP, 2017).
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U WY HAE azalgo] o),
Y H7 = el me edEd WA Hapt =27] o
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oF FARHAl AL HgsIA] oot AxgolA ARg
= AEAARS SRt Ak, By AL dARet o
UAggdoll me} di7] e @Edo] uiE=| it ti7] e
=22 Hx], SO, NOx, CO, CO, HCl, VOC,
Visible plume, Cd, Tl, Hg, Sb, As, Cr, Co, Cu, Mn,
Ni, V, Sn, Dioxins/Furans®| @285} QJict ¥4y 7}
T =4 oUA] I E= AuARgl oEwrka
7L UGk T Hk) SEHE e TEd
% ol it 9] ARl thEa ol AR
o} wl=9] 79 EPAS] tf717374 el we} CO, Pb,
NO,, PM, SO,, O; 6714 3= 2]of ffith7] &2
of| thsf Tefstar qlom, ARl FgH= 18770
ol el )7 1S skl JITHEPA, 2012). 7iu:
e IeRdy 59 340k wA|9F TRS (Total
Reduced Sulfur), SO, 52 #=slal ¢Jom(Editeur
official du Quebec, 2019), =2 NOx, SO, 5 7719]
o] s TSk QIGITHMEP, 2017).
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Table 1. Considerations of Korea and EU BATS selection

Considerations

* Applicability at the facility

* Reduction of pollutant generation and emissions

* The cost of applying environmental management techniques

Korea ) )
* Promote waste reduction of recycling

* Efficiency of energy use

* Whether pollution can be managed through prevention

* The use of low-waste technology

* The use of less hazardous substances

* The futhering of recovery and recycling of substances generated and used in the process and of waste, where

appropriate

* Comparable process facilities or methods of operation which have been tried with success on an industrial scale

* Technological advances and changes in scientific knowledge and understanding

* The nature, effects and volume of the emissions concerned

* The commissioning dates for new or existing installations

* The length of time needed to introduce the best available technique

* The consumption and nature of raw materials(including water) used in the process and energy efficiency

* The need to prevent or reduce to a minimum the overall impact of the emissions on the environment and the risks

to it

* The need to prevent accidents and minimize their consequences for the environment

* Information published by national and international organizations

o), Hlolozeix|of SR Aol A WAE ZeiX), o
A= B, SEAUEO R o] Rojx|i 27k o] nfehie}

SRR ARE O] 432 21 O, S, Hal] 5
O QI AR 4 QoL WS, HEH, AN ES
& x5t} Ageka irk ks AR AT

28¥)7 9Iick

3.3. BAT (best available techniques economically

achievable)

Z|A71-8-7|"H(BAT, best available techniques
economically achievable) A2 9Jsf], =] 7|49l
Al ARl e 287, Sd=Ae] e 2
HiS Az, edee]7 T A8l e 4-aH
&, W71=9 A B RS FHIo1R, oHAARE-S]

BEY, LHEA 59 dHA HAE R ARG
Q9] risoli 52 wEskal QITANLIC, 2017).
¥hH, EUQ] IED (Industrial Emission Directive)
Annex [I[(IPPC, 2010)ol|4= =1 A-8AR} £]of] 7]
282 §5t Harizh eHEd R EAE,
ALl Tt o G2 arefstal qlo] kgl o
o AR FEEE Tl Y Ao Ve
(Table 1).

oI5 HFr o 2 SR A] Al 2A7M87H A
B flol aLeE|ojof T AR Hr = HX|7} Eol A
BEl= 54 EF X150l Bls Ajolg-or AMEE &
o 9 FleA]e], Aol WAsh= H7 e, A
ZFAolA AR ElE AEBARC R I8l 2w A2t
Ao 7] 2. HRIAVe gkt S A o
2313k

Ul -87Fs3t 224718719 2| 47FA|(H7]
HiEAR, sl AR, w7 SuiE A, w27
BE FY) 2oFY 87 TIHeR o] SN
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Table 2. BATs of corrugated cardboard in K-BREF

BAT No. Technique
Reduction of emission to air
a  Reduction of NOx emission through a low NOx burner operation
s b  Removal of dioxins through activated carbon
¢ Operating efficiency improvement through co-operation of SNCR and SCR
Reduction of waste water
45 a  Efficiency enhancement of wastewater treatment using a dissolved-air flotation method
b Control of wastewater load through fenton reactor
Reduction of waste
% a  Reduction of wastewater sludge using a high efficiency dewatering system
Improving waste water treatment efficiency
47 a  Wastewater treatment using a high-concentrated inorganic coagulant

b Scrubber connection of biological sulfur

(Table 2). Z} wopd Al 7] o] thgh g2 tha 7o
A AXEIAE HhH, EU 7|ZA(EU-BREF) 2] 227}
|71HS A 37HR(HRd, #Hie} viEo] thgh
e, oA axH|ef B8 Holo] 671 7o Uy
of FJ=AL QAU Table 3). 2} 71WH2: 570k =2
0] LS, A= A & FEA AALE,
DAF (Dissolved Air Flotation)E- o]-83F wl4=9] *Jg],
SN AEAIA, AEael olgt AEA viE
F|as}, o WS 21RE AEAQ BUER SOl Al
o} =o] By o] RAagy] 5 FHeREol &
EA] s sk 2A7ME7 o] AR E ST o2t
A2 & o S 7IEAolA = A Beleke S
gk o) x|Fell Fted o s 37 HA ol thet
719 a7F d st Ao s WAk o5 F w1
Y] Azt Afolgoll gt 7t 7 AQl Tl 7
TS A8k Zlo] ohdel, A R eR AAE
7MES SR o8 ANShe A Uit AT
gk, o2 AHlel &8 FHofo 7[HES s ZA
HA] Alzs7gel TRt 224787 ol 23R ¢sk
o, U At 2A7RE7 IRl ol |A] A &< FrEE
| T2 7= AR A o= UEldth ols S A
AP A 7PV A 9] BlARO 2 Q1gE =
3 o], AgAl FLzo] T Sge))S =)
Uut HA7RG7 o 2RhEA] ookom, o) BT
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Table 3. BATC:s for processing paper for recycling

BAT No. Technique
Materials management
a  Hard surfacing of the storage area for paper for recycling
b Collection of contaminated run-off water from the paper for recycling storage area and treatment in a waste
water treatment plant (uncontaminated rainwater e.g. from roofs can be discharged separately)
0 ¢ Surrounding the terrain of the paper for recycling yard with fences against wind drift
Regularly cleaning the storage area and sweeping associated roadways and emptying gully pots to reduce
d diffuse dust emissions. This reduces wind-blown paper debris, fibres and the crushing of paper by on-site
traffic, which can cause additional dust emission, especially in the dry season
R Storing of bales or loose paper under a roof to protect the material from weather influences (moisture,
microbiological degradation processes, etc.)
Waste water and emissions to water
a  Separation of the water systems
43 b Counter-current flow of process water and water recirculation
¢ Partial recycling of treated waste water after biological treatment
d  Clarification of white water
Avoid possible negative effects from the increased recycling of process water
“ a  Reduction of wastewater sludge using a high efficiency dewatering system
45 In order to prevent and reduce the pollution load of waste water into receiving waters from the whole mill, BAT is to
use a suitable combination of the techniques specified in BAT 13, BAT 14, BAT 15, BAT 16, BAT 43 and BAT 44.
Energy consumption and efficiency
a  High consistency pulping for disintegrating paper for recycling into separated fibres
46 b Efficient coarse and fine screening by optimising rotor design, screens and screen operation, which allows

the use of smaller equipment with lower specific energy consumption

Energy saving stock preparation concepts extracting impurities as early as possible in the re-pulping
¢ process, using fewer and optimised machine components, thus restricting the energy intensive processing of

the fibres
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3.4, BAT-AEL (BAT-Associated Emission Level)
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Table 4. Waste water BAT-AELSs of corrugated cardboard in K-BREF

Pollutant Facilities Area Unit BAT-AEL
More than 2,000 m’ NA 15~70
COD S mg/L
Less than 2,000 m NA 38~90
Clean 8~25
GA 4~50
More than 2,000 m®
NA 3~50
SS . mg/L
Speacial 5~25
N Clean 9~35
Less than 2,000 m’
NA 12~90
Clean 3~25
More than 2,000 m®
Normal® 5~50
T-N mg/L
Clean 5~25
Less than 2,000 m®
Normal” 7~50
Clean 1~3
More than 2,000 m®
Normal” 1~6
T-P mg/L
N Clean 1~3
Less than 2,000 m’
Normal® 1~6
(1) ‘Normal’ area include ‘Ga’, ‘Na’ and ‘Da’ area
Table 5. Air pollutant BAT-AELs of corrugated cardboard in K-BREF
Process Facilities When to install Pollutant Unit BAT-AEL
Less than 2 ton/h s 1 ~ 18
Before 2014 Dust mg/Sm
More than 2 ton/h 3 ~ 15
Incineration
Less than 2 ton/h 3 ~ 30
SO« ppm
More than 2 ton/h 1 ~ 20
ot FEAYA ATHE] PANEFES FA4E HESYS ek, FIFAARE TMoR 4EE

A @5, 7] 3714 el s A= e
HEAL COD, SS, TN, TP o] gt x| o ujjz<=
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2 = o uj 1~20 mg/Sm’ ] HjEE0] HYE B
StH(Table 5).
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Table 6. BAT-AELSs of recycled fibre pulp EU

o

¢

R - A -

o 1

Parameter without deinking with deinking
COoD 0.40~1.4 0.9~3.0
TSS 0.02~0.2? 0.08~0.3
TN 0.008~0.09 0.01~0.1
TP 0.001~0.005" 0.002~0.01
AOX 0.05 for wet strenth paper

(1) For mills with completely closed water circuits, there are no emissions of COD.
(2) For existing plants, levels up to 0.45 kg/t may occur, due to the continuous decline in the quality of paper for recycling and the

difficulty of continuously upgrading the effluent plant.

(3) For mills with a waste water flow between 5 and 10 m3/t, the upper end of the range is 0.008 kg/t.
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