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Abstract Problem Statement: | | . . The following Fishbone diagram highlights the factors that underlie the 2. SOPs and Training: Establish clear Standard Operating Procedures and
The MRF experiences frequent and substantial downfimes during sorfing problem statement of "Downtime in the Sorting Process." Root causes are conduct regular fraining to skill operators in effectively managing

process, with a 48.37% downfime rate observed from December through categorized intfo branches. These branches encompass issues such as downtime scenarios.
In response to challenges within the solid waste industry, this research March. This issue hinders operational efficiency and productivity due to inadequate training, equipment breakdowns, poor material quality, 3. Review Meetings and KPIs: Hold periodic review meetings to assess
focused on enhancing Material Recovery Facility (MRF) operations using conveyor belf jams and unsuitable material entanglement. Stakeholders insufficient data collection, ect. Leaving us with the “Lack of Proactive implemented improvements, analyze Key Performance Indicators, and
Lean Six Sigma. Employing the DMAIC framework, the study tackled state that each downtime occurrence, suspected to last roughly 20 minutes Maintenance Strategies” as our root cause adjust strategies for sustained downtime reduction.
recurring downtime at a Guaynabo, Puerto Rico MRF. Key findings include and aft least twice daily, underscores the urgency. However, the absence of -
identifying root causes, such as conveyor jams and material systematic tracking inhibits comprehensive analysis and improvement Return on Investment (RO|)
entanglements, and proposing improvements like ongoing training, efforts. Addressing this challenge is critical for optimizing sorting, enhancing e o . o . o
proactive maintenance, and specialized equipment like the Industrial Bag productivity, and meeting customer expectations.  popalcenasent aance okt coe st oot N T Effech\{e conveyor belf cleaning in a MRF with consfant contarnination can
Opener and Motorized Brush. The study projected a 30% downtime '|'h d | et moniommg Systom < anisnance panning < matenls disuptng wor ﬁq(z;rrzmggzegel)dn qns(;JstT’;Onglsrlwgﬁ%vg;rgz;nggggﬁfggglr%ﬂ;? 522;% (IT<cc)) SSOSZO'rir)Nr
reduction, yielding an annual saving of around $97,630. This ROI calculation mm—— B ' NAUSTTY : | anatyses {houssdimi
factored in operational enhancements and equipment costs, highlighting Methoao OgY Rt T b i Dl et al, 2016). An estimate of 30% downfime reduction and increased
the financial benefits of Lean Six Sigma integration. Emphasizing Lean Six M " posnce ot compreensve A —— " yncontorworkingconions cavsing propluc;’pw’ry WAas choseq to calculate ROI, considering the MRF's cu.rren.’r lack
Sigma's value in MRF operations, the study provides insights for the industry easure r— £kt o oot of significant belf cleaning procedures and the prevalent confamination of
and underscores data-driven waste management enhancements. The Measure stage delves into data collection to quantitatively assess the incoming waste streams with non-recyclable materials.
Moreover, its alignment with UN Sustainable Development Goals 8, 9, and extent of downtime in the MRF's sorting process. A systematic data essusemen e 3.87 hr/day downtime * 30% = 1.16 hr/day downtime reduction
11 hlgh'lghTS contributions to decent work and economic grOWTh (SDG 8), collection plan WAS developed. AN Anq|ysis of Variance (ANOVA) was performed to assess Signiﬂcgnf 1.16 hr = 260 labor days = 301. 6 hr returned
industry, innovation, and infrastructure (SDG 9), and sustainable cities and VELELIE Data Type Units Where? Sample Size differences in downtime duratfions across the different conveyers. The i i )
communifies (SDG 11). The research showcases the practical advantages il el SCHEys | it | [Peste SHSEETEN el UOrenn i) ey obtained p-value of 0.694 suggested insufficient evidence to assert When we multiply the avoided downfime hours {301.6 hours) by the hourly
of Lean Six Sigma in MRF operations, serving as a model for the wider waste PIastic.Conveyor | | Conveyer portable clock or 30 samples significant differences in the downtime in each area. Similarly, an F-value of operc’rmg cost of $437.50/hour, we find that the MRF stands to save
management sector and affiming the vaolue of data-driven E:I‘:",:t;:)“r“" R Continuous min EZfﬁreyer zlif:ﬁ;c(:j:f l?;g";';‘;gljjys 0.37 indicated that within-group variability could be similar or greater than approximately $131,950 annvally.
enhancements. Downtime on Continuous min  Cardboard Stopwatch and 10 working days between-group variability, supporting the nofion of no significant mean $131,950 savings - $34,320 annual costs =$97,630 Yearly Savings (after year 1)

Cardboard Conveyer portable clock or 30 samples differences. These findings led to the conclusion that downtime durations

|n1'roducﬂon [C)°“"e3{°r - — — | —— among various conveyers in the sorting process were statistically $97,630 savings — $35,000 machine costs = $62, 630 First Year Savings
F;z:::nc; SAEE | o Pf(;i';‘i noig‘t‘)zoclf’“”t n s observe comparable, aligning with expectations Analysis of Variance

In recent years, Puerto Rico’s solid waste industry has struggled with Downtime Cause Categorical n/a  Sorting Observe and As observed due fo the interconnecfed nature of the Source  DF AdjSS Adj MS F-Value P-Value Conclusion

heightened challenges in waste management and recycling (Closed Loop Process describe in classification process, particularly within the E:ﬂmm uimé'?i 1:;;2 037 0694

Partners, 2020). Material Recovery Facilities (MRFs), vital to recycling notebook area with  frequent interrupfions like | S0 27" . . . .
infrastructure, frequently experience sorting process downtime, hindering With the data collected, descriptive statistics were developed to better cardboard handling. In response o indusiry challenges, this research focused on improving
efficiency and inflating costs. Adopting Lean Six Sigma methodologies for understand and view the data. The descriptive stafistics revealed an evident Material Recovery Facility (MRF) operations using Lean Six Sigma. Employing
ongoing improvement is crucial to enhance MRF performance. Lean Six pattern in the downtime [ Results fhe DMAIC framework, the sfudy addressed downfime during sorfing af the
Sigma, recognized for its effectiveness across various sectors, combines durafions  for  different | | MATERIAL Total Count Mean StDev Variance Coefvar Minimum Qi Guaynabo, Puerio Rico MRF.
waste reduction principles with statistical rigor to minimize defects materials N the sorfing | 7iveorrerenceming cardboare 30 2.052 3.250 5064 11128 0450 0.923 Key takeaways:
(Koussaimi et al., 2016). However, its utilization in the solid waste sector, process. Cardboard had i 267 396 15413 182 03800905 |mprOVe o . . o
particularly in MRFs, remains constrained. This study focuses on « an average downfime Of | yaiapie ___ MATERIAL Median _Q3 Maximum After our comprehensive analysis, the following recommended 1 !rgenilf!cailon of Root Cicq;ses.? ’rhorouTgkkw)lonolyms SUCCSSTJ:L-JHY pmpOTTeﬁ
Guaynabo, P.R. MRF, aiming to customize Lean Six Sigma for its sorting Opproxmq’rely 2.02 | TIMEDIFFERENCEMIN) chdbosrd 120 10 enhancements for the Improve phase were made. € primary sources of downtime, notably conveyor bell jams, materia
process. This facility runs Monday through Friday, on a single shift from 6 minutes with a standard Plastic 13303350 25820 Operational optimization: 9 ir;’ronglemen’;s, .ong delot}/s " co;d?oo.rd sor’rrgT;H " g
a.m. to 3 p.m. To achieve the goals of this study, the DMAIC (Define, di\./l'cmon of 2525 mlgu’res, downt £ 9 49 PINUT th o standard . The creation of continuous, quarterly training programs for operators in all ' ronvqengfsngi?i;nenEg;?:leor:;gg inch]Lljjcljpirrwnecr)‘n. oii re;gag;: prr(c))prc()]sris 8
Measure, Analyze, Improve, Con’rrol). mefrh.odology was employed, a \g - Eoperfscsc;\g/e .or]r GvePrlogT.e ovg.rg)hrm(ej S alny eds " T-O X G?: 2023 areas fo enhance skills and awareness fo rapidly fackle issues. shif’?’rowor%s roactive moin’rencﬁnce s’rro?e ie% img rovedgcgllo%oro’rié)n
ramework ofLean SixSigma (Burke & Silvestrini. 2017). minutes with & standard deviafion of 3.92 m?n”ufiﬁeﬁﬁ%ugohw Tr;wlerir:eogeroge + Shiffing from a reacfive fixit-when-ii-breaks mainfenance approach fo a with suppliers, and the infegration of specialized equipment such as the
Define downtimes were relatively similar, the larger standard deviations for paper proactive ‘replace-it-before-it-breaks” strategy o minimize unplannea Industrial Bag Opener and Industrial Motorized Brush.

downtimes and enhance equipment efficiency. 3.

, i , , Redlized Savings and ROI: The study's efforts culminated in a projected
« Further cultivate and strengthen collaborative efforts with waste suppliers

30% reduction in downtime, translating to an estimated annual saving of

and plastic indicated more significant variability in their downtime durations.

To better picture the MRF’'s operations, a flowchart and process layout were Furthermore, the maximum downtime values for paper (25.20 minutes) and

created. : : : : . . to enhance material quality, reducing jams and delays. : : SRS
plastic (25.82 minutes) were substantially higher than cardboard's maximum The imo| o A f 4 d ” g tracki ’ry approximately $97,630 after ROI. This ROl calculation included both
downtime of 13.08 minutes. These figures underscored the variability in ThZulmhpCi?iggegolgche?j inoevg::;wmrrewoéﬂ;em’rg ics:iyesnTi? operational  improvements and  associated  equipment  costs,
recyeling Truck Recycling Trick Tk Urloads downtime durations among the different materials, suggesting occasional " S "y orifiod N g ; Y underscoring the financial benefits achievable through the successful
Arrives in Site s Weighed unﬂiﬁﬂﬁea |Onger periods of inGCﬂViTy for paper and pIQSﬂC in Compgrison to Parierns  an Crimnca ' GreQS.. ong wi owniime |nTegrOT|On of Lean Six SlngI meThOdO|Og|eS.
cardboard management strategies to involve stakeholders for . . o | . DECENT WORK AND.
e _ — _______ L __ efficient response. IT\E\ngreseorcih emp?c?ogzeg Lgc?]r; Sf|x ?E;mo; v;nlue IQ /\/
Verage rrequency per nour| Average adowntime per materia Inutes per hour Inutes per sni O nours o o e . O erO Ionsl O erln InSI S Or e N US r On
l Cardboard 273 202 22 .12 o7 mprove worklorce efficiency by adding an_exird highli Fk)frin do’ro—dri\?en gwos’re Mana eymen’r “'
! e & e ks U Paper 4.73 2.69 12.72 101.78 1.70 employee for sorting process. Qh gnhting O M ’r g”rh N
Mo atenals Enter I .I . .
sy, | sotngMachine .,  Cmawalget . e, BAICAG Plastic 109 203 L — 7 L Equipment Enhancements: Shhancements. VOreover, 1is aiighment wi I
B o Baas ki sort Posat sl Average downtime per 8hr shift: 3.87 Sustainable Development Goals 8, 9, and 11, D INERASTRUCTURE

| * Industrial Bag Opener: Mechanically " ;”,

. ng offic i t work i th
ves l R Ancﬂyze separates and opens bags, allowing efficient addressing decent work and economic  grow

(SDG 8), industry, innovation, and infrastructure (SDG &

\J { . . .
_ : o : sorfing and processing of various waste : . e
REec VN Cardbonrd e In the Analyze phase, investigation was conducted to delve into the mo’regr;iols corﬁ)’roined ?Ni’rhin' approximate 9), and sustainable cities and communities (SDG 11).
([ Separaiedin R ‘ . collected. The focus was on identifying the root causes of downfime fice of $30,000 '
| T Cardboard e Pl re oved Cearanend occurrences within the sorting process. Pareto charts were employed to . IF; dustrial N'\o’ro.rize d Brush: To address the R f
v I ) Qg ocaino cardboard bale? visually prioritize the most frequent factors contributing to downtime. ' :
e Marwialy — 7 ’P p - : —— challenges of carry-back and material Slerences
is Manually areto Chart of Variable Frequency Pareto Chart of Variable Time . . . .
Separated into o, _ i - spillage; approximate price of $5,000. , .
Plastic Pile : - H" oo g a00] PR b C 1. Closed Loop Partners. (2020, May). Recycling Infrastructure in Puerto
] - 80 b= . — L 8o . .
L ) . " R = L . OSTS Rico. Closedlooppartners.Com. Retrieved August 24, 2022, from
Stored Outdoors sl g AR o . https://www.closedlooppartners.com/wp-
or #2 Plastic astic an r N [ - | o © Annual trainin ts: $3, : :
" ey i b Gt ) . E ol ual fraining costs: $3,700 content/uploads/2020/06/Recycling PR-Project May-26-1.pdf
| Separated into | | = | Employee cost: $29,120 : . :
Plastic Pile o e — T ——= : : , 2. Burke, S. E., & Silvestrini, R. T. (2017). The define, measure, analyze,
'\._ . Variable &gﬁ P I PN &é@ 0&@« Variable R A A I I OO o“‘é TOTC” mgch|ne COSTS. $35,000 . -
W T S S FEF TSI ES : . improve, control (DMAIC) process. ASQ. Retrieved November 25, 2022,
| . PR S ST TP LSS Annual maintenance costs: $1,500 , ! .
e T A o & Fet T from hitps://asg.org/quality-resources/dmaic
rl:}rEu}rEr C\‘ht 20 20 1?0 17 13 10 9 8 6 6 2 'IIMEDIFFERENCE(M:IH 97.18 69.98 34.61 28.82 190j1?91 387 11.52 NM.27 1277 TOin COStS: $69'320 H . 1 3. KOUSSOimi, M. A., BOUOmiI D., & ElerOZil S. (201 6). |mprovemen1-
e def T : R E SORTING PROCESS LATOUT el S S RO R w07 21 0" a0 s e e o Figure 2: Hoverdale Moforized Brush maintenance implementation based on downtime analysis approach.
e define stage focuses on , , o : . : )
identifying cmdg defining  the The Frequency Pareto analysis unveiled the two most frequent sources of Conftrol Journal of Quality in Maintenance Engineering, 22(4), 378-393.
challenges  within  the MRF's downtime in the MRF's sorting process: the need to halt and discard _ . _
sorfing  process. A problem "contaminated material' to avert entanglements, and the extended time In the Con’rrol phose., the focus shifts tfowards ensuring ’rhe. su§’ra|ned success Acknowledge en.l.s
statement was created 1o mop S — required for "cardboard sorting." Moreover, the Time Pareto chart analysis of the implemented improvements through effective monitoring, evaluation, M
the project scope and objectives & W (o2ls revealed that the longest downtimes were caused by "conveyor belt and ongoing optimization. . .
' S //Er ~ jams," followed by "cardboard sorting delay." These findings validated Management should adopt: Special thanks fo: o . .
N, orimary source of downfime in the sorfing process to be “Conveyer Jams”, 1. Predictive Maintenance Strategy: Leverage data analytics fo anficipate " URP-HS SAFRA Il program, for providing the required funding.
L but also sheds a light on the downfimes occuring in the Paper and Plastic equipment issues, reducing unplanned downtfimes and  optimizing = Conwaste for providing access fo their facilities.
conveyers due to cardboard sorting delays, avoiding a continuous flow. operations. * Dr. Maria Garcia for her mentoring.
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