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Application of Pareto principle and Fishbone
diagram for Waste Management in a Powder
Filling Process

ANAHE Perera, 5B Navaraine

Abstract—This paper represants 4 delallied assosai i ol rav miteriul waste generation of a semi-auloiaterd powder filling and packing
process by applying cerlain qualily tools stich as Paiveln Andlysis ahd Fishbone Diagram. The alm of this sludy is to idenlify the sources or
categories of raw material waste and analyse ite andidying couzee Waste genetation s an unavoidable intident in any production process

which could even result in producls with variel weliiits s it wdsle source; overfill' oceurs when powdsr is filled mure than lhe
aclual net weight resulting a loss in waste  Therataie el iilkalin of untetlying causes for powder waste and a measure lo minimize it,
using monitaring and controlling is vital o maiilain  onslelane of the: prodict In this paper. Pareta pHnciple, a major stalislical gquality

control tool s applied to identify the key soutces of vilste Within he produstion line. In order (o delect possihle underlying reasons/factors,
a fishbone diagram is appliad

Index Terms— Waste, Overfill, Root Cause Pavatg | l=bhiiin o Wizl Taile
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1. INTRODUCTION

aw material waste generation is inevitable in overy ani- Powdered products, as with other food packaging, are suh-
facturing process. The presence of waste s a1 indication jouted o regulations which govern the accuracy of the product
that materials are not being used efficienly e maiy packige weight. Failure to meel this weight limits or under
companies are taking diverse approachios 1o miiimize filling could result in negative consequences from a simple

wastage to reduce drop in profitability levels and wegative  dissatisfiod customer toa muore serious accusation or penalties
impact on the macro and micro environment, W corisicig [Z] Moreover. exceeding the weight limit or overfilling leads (o
ing the concept of waste Mmanagement; zero washi Is o visio- i thaterial wasle, increasing the cost of raw materials hepee
hary waste management system thal has been proseited as a1 rompany /packer shoultd specify limits of overfilling 1o
alternative solution for waste problems in recint dicadis [1] control umme essary waste of raw material 3]

The organization subjected for the study Tis dlisad o
hrm‘efi the Foncept of zero u"nslﬂ; ‘]t.(-‘ri'hw slianddiid f|”i-l”|.\ 1.2. QUALITY TooLs & ROOT CAUSE ANALYSIS
tools including Parvcto analysis and Fishbone diapiaim aie i
lized to achieve zero powder waste in order o micimize o Among the many quality tools available for problem solving,
erational efficiency as well as positive entironmeninl inpact e Pareto Diagram and Fishhone Diagram are the most im-
A filling and packing process of powder prodicts 5 thie cori- - portant as they discover rool causes and eliminates them,
tral point of the study. Major objectives are (o deldiiniive s eialiling continuons improvement of any process. Dr. Juran
nificant waste categories and analyze rool tauses s will po supgested the use of Pareto principle also known as (he 80/20)
ommend solutions for reducing the level ol poivider twast rule o quality control Tor sepatating the "vital few” problenis
including product overtill, In order to reduce the (ola] ciets o from the "iivial many” now called the "useful many", [4] The
quality due to rejects and defects, control must be a1 ihe poiti reatilts of a Pareto analysis are Iy pically represented th rough a
of manufacture or operation; quality cannot be inspected info  histogram which is sorted from (he highest frequency to the
an item or service after it has been produced lowest frequency. 1t 8 also considered as one of the seven sla-
tistical quality tools in food industry applied frequently o
e break a problem into several parts and identily which parts
* AAARE Perera isan instrictor, Departinent of Food Seien & Toch directly affects the isstie and which parts doesn't. Cause and
nology, unh’."“ﬂ"“'UIS”I}”ymm‘#i{m”m‘ Catigadasila, Nughgiiia, §H Effect diagram is a schematic lool that resembles a fishbone
Lonka. £ wail: hasani ¢randi perero@gmail com, +94719599719 thit lists causes and sub-causes as they relate (0 a concern, also

(< geny Yenar it f Crienee fx Teih

1 Eﬂ?a‘;f{ﬁ::f::f::::é;:r:’;;:irf:'”iﬂi;,i:r::r,::,;.Is; -f_-l“‘,b..,;,i' known as Fishbone diagram or Ishikawa diagram [5], “Root
Lartka. E-nail: sb;,m.n@sjp;w,fk Cattse Analysis is a struclural investigation that aims to identi-
fy the true cause of a problem, and the actions necessary o
eliminate it”. [6] If rool cause analysis is used in a reactive
1.1. WASTE GENERATION IN FILLING & Pacicie made, it provides objective identification ol organizalional
PROCESS faults. In the proactive mode, root cause analysis identities
i and prevents future mistakes [7] Various technitues used in a
Target Weight 400g Rm_'sll Cause Analysis (RCA) are; Why-Why .f\na1rvs'u; (WWA),
Warning Limits 392-405g Brainstorming Sessions [8] as woll as Corrective And Preven-

Action Limits 394-406g T MEERETR [P as: ot hag Rl R RN
tive Action (CAPA) plan. WWA is a methodology to inquire
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the rool cause behind surface canses of o probilets by
—Why many times in succession, © orreclive acling is Finkeety fiy
eliminate the cause of a detectod probilem, Which privenis it
from recurring whereas preventive action is deliifvd as an ac

tion taken to eliminate the canse of 4 potential piahlain fion
occurring [9]. After the identification of e rool caliae I
CAPA plan is an essential quality tool that tunhl be fised (o
record the actions that are needed 1o succoss!illy o
implementation to avoid repetition of problems

asl iy

rifyl |]||.

2. METHoDOLOGY

The study was conducted in a semi-aute il protvcel Hilling
and packing company. By referring to the a0y w0 sittpHing
procedures  for inspection by
nonconforming”, sample sizes (or datn vwoas dotei e
Inspection by measuring the magnitude ol 4 i toristic of
an item is known as inspection by varinlles
variables for percent nonconforming items, as dosoribed in the
part of IS0 3951, includes several
Reduced Inspection was carried in this redear e thret boel Iy
the responsible authority. [10] Both primary aid seciingg)
dala sources were utilized as the basis (o) Hetermindig th
current state ol the process. By exainining productivm yocords,
secondary data was collected amd the prithatt datn wis
collected by observing and measuring packel welght vver g
continuous period of time.

varinbles Ik fisjeont

lispicHon. Ly
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In this paper, the major categorios of  powder waste Tl
throughout the production line was identifiod aid anily o
by means of a Pareto diagram, and e juantitios ol fvasle wis
arranged in order (o identify whicli souree lias i floatest
Impact on increasing overall powder wastage Tl ipphieating
of Pareto principle vonsisted of sevornl st e

Step 1: Collection of all data (powder wastey throtigrhoit (e

production line tor a specific time period (Siv il

Step 2t Determination of the number of coliine /el tat
gories based on their sources.

Step 3 Arranging the categories in descending oo ol i

individual contributions.

Step 4: Tabulating the individual contributions i perchnt nl
total and cumulative.

Step 5: Plotting the histogram

Once the Pareto analysis was performed the Fiehbo diipraii
was constructed for ta identify the possible factors that vy e
stated as the potential causes for waste powder peneration
Ihe causes were grouped into siv categories inchiding Mea
surement, Material, Methods, Machines, Personiiel, And Fnvi
ronment (Fig. 2) [11]. Once the caunses are availalile the roal
cause affecting the waste generation can be ideniifiod andlvsls
can be made and suggestions can be implemented (o fmprove
the performance of the process. Thee Fishbene diagrani fs
part of the Root-Cause-Analysis (RC Aj which was pertoirmerd
Lo determine the root causes [or powder waste throbghatit the
production line, Several brainstorming sessiong wite
oul with the Production department ns well as Oualiiy

vitbried
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ante and Engineering department to efficiently extract best
prssihle ideas,

3. REsuLTs AND Discussion

3.1. PARETO ANALYSIS FOR WASTAGE CATEGORIES

Mier the powder wasle occurred throughout the powder (ill-
ing and packing process which was observed closely for a pe-
tHod of six months and a Parets diagram was drawn highlight-
ing the critical areas of wasle peneration. Each waste category
hosed oneach stage ol the powder production process was
['rivritized by avranging them in descending order of magni-
Bile Pareto charl is used fo preliminary identification of the
st signiticanl waste by it g the prim'il_\ s worlh not-
ing that this method entirely eliminate the less significant
wasles and does not explain the tnexpected behavior of them.
thivetore it is important 1o conduct further analysis on vari-
uus other wastes to improve quality and productivity by re-
dhcing rejection of raw materials in this specific processing
ann

Ihe data from the table 1was transferred to the Pareto dia-
praim to discover the “vital’ problems accounted for 80% o
waste problem. Oulcome of 1he analysis is piven in Fig. |
Based on the Pareto principle, list of wastage categories were
surled oul to focus where the most impact could likely have
resulted in. The data indicated (hat overfilling waste; 92.0 9
ovcutred most frequently than the other types. While the con-
tribution by sieving wastage which is ranked second is L.9%,
the sweeping wastage contributed 1o a 0.5 % of total wastage.
Ml thistector wastapge and debagping waste are the minority
decannting for 0.2% and 0 1% respectively, It was seen from
the above figures, namely overfilling’ s the type in which
most waste oveurs and therefire focuses on monitoring and
contiolling overfilling was identitied to be the most effective
TaRl =1
PERCENTAGH OF POWDER WAS 11 BASED ON THEIR CATFGORIES

Powder

Wasle Waste Wiste Cum: Cum:
Cfype (kg) percentage j-\’:!slv lj(i!]_’l_'t"l'ltﬂgt"
Overiling  yoymor gy, 131294 91.98°
Waslage - )
s
A 102,60 7.19¢ 141554 99.17%
Wastage
Jweeping - g 0559 142331 99719
Whaslage - o .
Vetal
Detector 3.30 0,234 142661 99,947,
Waslage
Nl i
Debagging ) oo 0 0" 2740 100.007
Waslape
lotal PRt
Waste 1427 A _ |
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Fig.1. Pareto Chart indicaling the percentage of bull (1wl
gories

3.2. RooT CAUSE ANALYSIS FOR Hich POWDER WASTE

The RCA consists of a Fishbone dizgran, a Why Why Al

sis and a Key Corrective Action & Proventive i (AP
plan. The potential causes that can have in ciool on thi waslis
gencration of the powder filling and packing piocess e idon

titied by the Fishbone diagram given in Fip. © [oa polential
causes were identitied by brainstorming wiiicly is {onshloyod
to be an effective technique Tor identily ing this cilipdifes 1
causes utilizing an informal approach to prohloy ol iy witli
lateral thinking, The brainstorming sessions cont il ed -
by around 30 potential cvuses which were e yoduced 1o 10
unique ideas by eliminating redunilin i
standard definitions. Under categories ol (il
surement,. material, method, maintenance, pesoniin il ef
vironment, factors that may be affo bivg Lhe cotlse wwipi ligted

atd lr-lmilli;'illy_
Vhately e

A summary of the major categorios with theie ey conseg s
represented in Table [ With referonce to e Fishibon i
gram three key rool causes are selected whi | Hivitpht ey
affecting the problem statement divecily | e |, fols an

used in a Why-Why analysis in order 1o unedith Hddon o
deeply buried reasons as shown in Tablo 1] Majui riasof
behind product overfill is manal welght measuring anil ad

justment and lack ol proper training vegarding weighl codipel
and adjustment. Fhey were ddentiticd as the rensons for
ator incompetency. These lwo tactors are convidered s rifiik |
& 2 as they directly impact high powder waste, Affer 4 de
tailed analysis of the actual root causes for high powiler wast

the corrective ang preventive action plan (CAPA) (ege Slag
gested as shown in Table 1V As 4 temporary solution fui the
product overfilling, a display of daily overfills was Arrangedd
Overtilling waste caleulated and displaved 1 the pioddifion

|IBET & 204
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Hoor as a controlling step and data was updated on hourly
basis. Processy monitoring was made easy with this implemen-
tatioh and corrective actions weore easily laken without defay.
\hother key cause Tor high powder waste was considered 1o
be the operator i aompetency and lack of focus. Tharelpre
malituting ongoing- on the job Iraining programs for all floo)
level workers and machine operators was the best way 1o
clvite awareness on wasle management as they will then have
the knowledge todo their vwn root cause analysis du ring day
L iy dctivities Lo solve mino prohlems.
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Fin 2 Cause & Effect Diagram o High Bulk Powder Wasla

TaBl 2
CATEGORIES AND CAUSES ok HigH PowhE R WASTE
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4. CONCLUSION
Pareto analysis s one of (he toole el b usedd |

les Lhil arige in
WEEe EVA 1 e

statistically ddentiny and analyse critioal
processes. Bulk powder waste and its o

LM =200 |44

at vach stap s of piowde filling and pa King process, swith
special emplusis on oveil waste, Whilul overtilling waste
“vital tew™ of toal

devarding to the pareto analysis,

Was significontly thee major somme or the
Ttk powde waste; 021
ulhers are “teivial many” arer sioy mg wasle, sWeeping wasle,
il detec) o wasle, debaging svaste whicli is 8.0% ol e
Ll svaste: o e importance should e siven Lo the yital
e wastes o il il rool canses

Fosidantity yndedving causes of overall poswer swasta REA
perforingd. Aller several brainstorming  activifies g
Fishbone digram was formed and the ke
poswder wastosvere woentitiod 1s Tollows:

Wils

roal causes o

. Procict overlilling
. Plig oo of div and wt « leaning
. Opertorincompetoncy and lack of focls

Y Why-Why analvsiiavas carriod out for each catse lo test the
ehderlyving ceasons and sulm-qlmnll}' Key € APA plan was
disighed with actions recommonded for each major cause for
WS penen i
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