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IMPROVE

Potential Solutions

Since the team is trying to reduce the SAIDI and SAIFI, the improvements are geared toward reaching these goals. The
first part of these improvements is tailored into conducting inspections faster, with less people and with readily
available live information, which will reduce the duration of interruptions (SAIDI). The second part
(Preventive/Predictive Maintenance) is directly associated with reducing the number of interruptions (SAIFI). Right
now, PREPA deals on a case-by-case basis while doing Corrective Maintenance but it is expected that even with low

MEASURE

Interruptions per failing feeder: Cause not reported, Cause reported, Total

ABSTRACT

The Puerto Rico Energy Power Authority is trying to reduce the frequency and duration of interruptions of the electrical service to better serve
its customers and increase profits. During the period of June 2019-April 2020 had 4.70 average interruptions per client (SAIFI), while during
June 2019-May 2020 PREPA had 705.01 min average outage durations per client (SAIDI). A DMAIC project based on PREPA’s historical data was
completed in order to reduce these metrics by 25%. 1,034 failing feeders were studied with two different variables, Number of Interruptions
(S.I) and interruption duration index (MxC). When analyzed using a root cause analysis (Pareto Diagram) it was clear that most of the
interruptions were caused by very few of the causes. These being: Broken Crossed or Open Conductor (25%), Cause not Reported (21%),
Unhooking (18%), and Animal or Strange object (7%) for a total of 71% of the interruptions caused by 26.67% of the causes. Another notable

Insights Vegetation Management

[ Seme e S e J Uin the variable Interruptions per failing feeder, the average

Benefits: (Integrated Vegetation Management on Rights-On-Way):
Improve transmission reliability.

of Total Interruptions per failing feeder is 6,675 S.l., but

Total In the Descriptive Statistics shown above between 06-01-2019

interruptions (SAIDI), while (Data Business Analytics team and Preventive/Predictive Maintenance) is directly associated with reducing the of interruptions per failing feeder. The difference between the on the first try. species, create wildlife habitat, etc.).

Q
finding was that 77% of the total interruptions were caused by 30% of the failing feeders. After discovering this, improvements were Variable Count Mean StDev  Sum Minimum Q1 Median Q3 Maximum Range  and 04-30-2020. it is observed that the avera 0 Red i
-30-2020, ge number of . . g . v/ . : - : . educe vegetation management costs.
benchmarked in order to attack the current problems that PREPA is facing. The improvements chosen (Drones and Mobile Devices) are Cause notreported 1034 1395 3816 1442199 0 o0 76 1017 50879 50879 interruptions Cause not reported per failing feeder is 1,395 S.I. there is a significant difference between the average of ~ ) / personntel PRdEPA can.g:t toa pomttobereve:ltlve; ::/ed;cltlve Mbalrttenanccle.twhlfcl? yleld:.huge a.lﬁvar;tagei: nd hasbbeer; O Improve native plant and songbird habitat.
tailored into conducting inspections faster, with less people and with readily available live information, which will reduce the duration of while the average number of interruptions with a Cause reported proven to reduce maintenance costs by up 1o a 3U%. Also, a better quality ot inspections WiTf reduce the number o O Provide other ecological benefits (e.g., reduce runoff, control invasive
’ ! Causereported 1034 5280 9746 5459947 0 412 1916 6287 147547 147547  per failing feeder is 5,280 S.1. for a Total of 6,675 average number Cause reported and Cause not reported (5,280 and 1,395), / cases where a Cause was not found which will in return help PREPA assess problems correctly and get the correct fix 8 (e-g., ’
Q

number of interruptions (SAIFI). respectively

feeder with most interruptions and the feeder with least Tree-related outages can be reduced by 30%, and total outage hours can

Total 1034 6675 12431 6902146 1 581 2365 7512 170424 170423
interruptions Cause not reported is 50,879 while Cause reported
is 147,547 and for Total interruptions the range is 170,423. The
Standard Deviation Total is 12,431 S.I. mainly caused by extreme
values like 170,424 S.1. in Feeder 1336-08. Finally, out of the 1,034
failing feeders 662 feeders had a sum of 1,442,199 interruptions
with Cause not reported while 1,014 feeders had a sum of

5,459,947 interruptions with Cause reported for a Total of

_ 6,902,146 during these 11 months. Cause not reported (199,393 MxC) U Reduced disruption and inconvenience to the public and road users. d Dec.reases failures. .
Histograms QO Helps inspectors avoid having to place themselves in dangerous situations. 03 0 Maintenance costs would lower by approximately 30%. (percentage
Kev Terms and Definitions: Uit was found that the Feeder 1336-08 in both variables is O Potential problems can be surfaced and addressed more quickly. taken from a Statistical Quality Control project completed by members
y o In both Histograms, it is observed Histogram ofInterruptionszoer;‘ZaliIing feeder Cause reported Histogram of Interruptions pﬁzf:‘ililng feeder Cause not reported . . . D COIIeCtS and arChives Visual data that can be accessed at any time, Of the team in Centra| AgUirre Power Plant 2019)

the highest concentration of — yonsme| o 55 the feeder with most frequency of interruptions and O Reduce corresponding liability insurance costs when reducing the amount O Extends equipment life.
1. PREPA - Puerto Rico Energy Power Authority interruptions ) pe; failing feede(; — N N duration index of time personnel are placed in hazardous situations. 04 O Prevents delays of work activities by unforeseen events.

Cause reported is from 0-15,000 an 700 . . T . . .
2. Interruption per failing feeder — Number of interruptions during the period of time studied per failing feeders. Only the feeders that 0-6,000 for Cause not reported. For ’ ] [ Reduce downtime and provide accurate data on an asset’s life history. Q' Emergency repairs are avoided.

both cases, the values are positively 1 . L Reduces expenses of scaffolding by as much as 90%.

skewed since  the  highest 1 ol 05 Predictive Benefits:

concentration of interruptions per . fnimizi H H H H H i
3. Interruption Duration Index — Amount of time without service (minutes) times the number of clients affected during the period of failing feeder appears in t:e left s?de & Conclusion M!n!m!z!ng the time, th? equipment is beln_g maintained.

200 Minimizing the production hours lost to maintenance.

decrease by 45%.

Preventive/Predictive Maintenance n

. UWhen talking about Interruption Duration Index, the

Mode

Drones 1

Variable Mode

Cause not reported 0 32 behavior of the data is similar since Cause reported

Cause reported 0 20 Benefits:

(886,630 MxC) had a significantly higher average than U Performs inspections faster and more regularly.
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have failed at least once during the studied period will be included. Metric to be used will be S.I. (service interruptions).
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of the distribution. This indicates
that there is not a normal
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Number of interruptions

Mobile Devices

time studied. Metric to be used will be MxC (Minutes x Clients).
( ) In the Measure phase, historical data was collected from PREPA which was used to verify the

3
3

Minimizing the cost of spare parts and supplies.

Predictive maintenance programs have been shown to lead to a tenfold
increase in ROI, a 25%-30% reduction in maintenance costs, a 70%-75%
decrease of breakdowns and a 35%-45% reduction in downtime.

o
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SAIDI - Average outage duration for each customer served.

Number of interruptions

failing feeder in both Cause reported
and Cause not reported.

frequency and duration of interruptions in failing feeders. The decision to separate variables as
Benefits:

U Takes less time to fill out digital forms.
U Easy access to digital information.

U Share anywhere and anytime.

SAIFI - Average number of interruptions that a customer would experience. . . .
Cause reported and Cause not reported was to verify and compare if there are meaningful

Failing feeders cause reported — Electric feeders in which the cause of failure is reported.
8 P P differences in the duration and frequency of both variables. In the variable Interruptions per

N o v &

Data Business Analytics Team

Failing feeders cause not reported — Electric feeders in which the cause of failure is not reported. Interruption Duration Index (mmUtes X CI'ents): Cause rePorted' Cause not reported,

failing feeder, the average of Total Interruptions per failing feeder is 6,675 S.l., but there is a

Total U Real time rePorting. . o U The drone selected as a U The cost of benchmarked mobile devices [ As a Data Business Analytics team, we suggested a team of at
significant difference between the average of Cause reported and Cause not reported (5,280 and U Cuts down time on data gathering/compilation. benchmark for analysis purpose  can range between $300-$900 depending  least 4 people composed of the following: Software Engineer
.. .. . . U Paperless safety inspections. is the model (Matrice 300 RTK on the model and brand. ($51,381/year approx.), Industrial & Systems engineer
PrObIem Statement Descriptive Statistics } 1,395), respectively. This indicates that there are more causes that are reported rather than not UInfluence modernization and digitalization. Combo Series Package) which U Assuming an average cost of $600 for (551,381/year approx.), Data Scientist ($55,657/year approx.)
Puerto Rico Energy Power Authority during the period of June 2019-Apri| 2020 had a 4.70 average interruptions per client o In the Descriptiw'e ?tatistics shown above between 06-01-2(?19 reported per failing feeder. When talking about Interruption Duration Index, the behavior of the has a cost around $11,868.58. mobile dew?es and atc?tal of 6(? tabIer, and a Data Ana.lyst ($43,313’/year approx.).
. . . . . Variable ot Mean  Stbey cum Minimum Q1 Median . and 05-31-2020, it is observed that the average of Interruption O Total of 21 drones for a cost of the cost for implementing mobile devices [ There are multiple software’s that PREPA can use, but the
(SAIFI1), while during June 2019-May 2020 PREPA had a 705.01 min average outage durations per client (SAIDI). PREPA seeks L Duration Index (minutes x clients) Cause reported is 886,630 MxC data is similar since Cause reported (886,630 MxC) had a significantly higher average than Cause . . $249,240.18. should be around $36,000. benchmark we used for analysis purposes is the Power BI
to reduce the frequency and magnitude of service interruptions by 25% to better serve customers and increase profit. Cause reported 1003 886630 1364795 889290120 23 108452 392160 1126476  while the. average of Interruption Duration Index Cause not BUS| ness Data Ana Iytlcs Tea m 0O Cost of training at $650 the total 0 PREPA would be spending between $3.25  Premium, the Premium plan starts at $4,995 a month per
reported is 199,393 MxC and Total of 996,105 MxC average not reported (199,393 MxC). It was found that the Feeder 1336-08 in both variables is the feeder training cost of 42 operators is and $9 per device each month in MDM’s dedicated cloud computer and storage resource.
Cause notreported 691 199393 411044 137780806 40 17605 61121 180483 Interruption Duration Index. The difference between the feeder Benefits: $27,300 features such as software QO The Total Cost for implementing the Data Business Analytics
with most Interruption Duration Index and the feeder with least with most frequency of interruptions and duration index. N ! ’ Team for a year is a total of $261,672
EXPECTED BUS'NESS RESU LTS DEL'VERABLES/SCOPE Total 1039 996105 1543554 1034952641 67 134687 436533 1233859 Interruption Duration Index Cause not reported is 4,620,371 MxC a Keeping you on budget. y ’ :
while Cause reported is 14,209,415MxC and for Total the U Better decision making. C I .
O Lower Percentage of customers affected by service interruptions. [ Reduce the frequency and duration of interruptions. N for Interruption Duration Index the range is 15,562,576 MxC. The : : . . ili i ' ) onclusion
& v P 9 ¥ P Variable Maximum  Range Mode Mode Standard Deviation Total is 1,543,554 MxC mainly caused by The Boxplots and Histograms show that the Interruptions per failing feeder in Cause reported and g ;‘:e _ab'l_'tyt:: rl?easure accomplishments against overall goals
o H H H . C d 14209415 14209392 436684 3 extreme values like 15,562,576 MxC in Feeder 1336-08. Fina"y, in L. . . . aylng In € know. . . . . .
O Lower loss income. O standardize the process of inspection Cause re':c’”e B, the 1,003 failing feeders Cause reported the sum of Interruption Cause not reported it is observed that there are 84 outliers and 148 outliers, respectively. The QO Building efficiency. By adding these improvements, the Total Cost for the first year is around $574,212.18 and $261,672 the following years. As
ause not reporte . 1 | . . .
ad b £ SAIFI & SAIDI O Identify KPI’s for future analysis. ot P sces7 15562508 oo , Duration Index is 889,290,120 MxC while in the 691 failing dian for C ted is 1.916 S.1. while th dian for C : ted is 76 S.1. On both the team calculated the loss of revenue caused by interruptions which amounted to a total of $2,804,262.52 per year
ota . . . . . . .
ecrease o a s Notif ; feeder: i;‘;sgs':;orgp:;t‘édfthe '";e"‘l‘Pt':: QD(‘J‘Z’alt:;" I'\;I‘dg"dhad a median for Lause reported 1s 4, -1- While the median tor Lause not reported Is - BN o (approximately). When assuming a 40% reduction in the SAIDI, the loss of revenue will decrease by around $1,121,701.20
. ifi i i i sum o ,780, xC for a Total of 6,902, XC durin L. . . . . ..
tart: Notitication of inspection E Histograms ] these 12 months. & cases, the top 50% of the values have more variation than the bottom 50%. The Interruptions which means that in less than a year PREPA will be able to recover their investment of $574,212.18 and the Return on Assets

(ROA) was additionally calculated with had a total of 195%. (such investments are not included with taxes and insurances)

1 Ends: Repair process completion Duration Index (minutes x clients) in Cause reported and Cause not reported it is observed that

In the Histograms, it is observed the

highest concentration of Histogram of Interruption Duratioa lnde); (minutes x clients) Cause reported Histogram of Interruption Duration Index (minutes x clients) Cause not reported . . . . .
OBJECTIVES VOC Interruption  Duration  Index " ome e | Normal o there are 80 outliers and 85 outliers, respectively. The median for Cause reported is 392,160 S.I
. t I. t c t d iltDev 1361;3; f\‘tDev 411%:: . . .
!m;"" esoxl CS('):"OZ)O a":eorzggrogo o o while the median for Cause not reported is 61,121 S.I. On both cases, the top 50% of the values
U Reduce the frequency and duration of interruptions To better understand the needs of both, Top Management and 'fs rom 0-1,500, a"d - -
Technical Staff, a series of questions where developed. This or Cause not reported. For bot - ] have more variation than the bottom 50%. In the Histograms of Interruptions per failing feeder in
U Decrease the amount of non-identified causes for interruptions method helped get valuable feedback and an easv wav to quantif cases, the values are positively g °
. ped g V. y q. Yy skewed  since  the highest 5 g =0 Cause reported and Cause not reported the highest concentration of interruptions is from 0-15,000
O Improve the visibility and management of ongoing processesand  answers in term of how strongly they agree or disagree with the concentration of interruptions per < g
TH . 200 200 . . . . . . .
. statements made in the questions. The goal of this tool is to get failing feeder appears in the left and 0-6,000, respectively. While in the Histograms of Interruption Duration Index the highest IVELINE R - CESCRIPTION
data recollection . . hich will ei . § side of the distribution. This w0 o) Im I m nt t' n PI n
) ) suggestions and .|deas which will give a bt.atter understandlng. o indicates that there is not a normal concentration of Cause reported and Cause not reported is 0-1,500,000 and 0-600,000, p e e atio d
D Increase the use Of hIStorlcaI data the prOblemS WhICh then can be used as gUIdance When Venturlng distribution in the Interruptions 2500000 0 2500000 5000000 7500000 10000000 12500000 800000 0 800000 1600000 2400000 3200000 4000000 4800000 . . . . « g . . . e ) ) DBAT oversees looking an-d a?sessing the wealt-h of data
into further sections of the project. Duration Index (minutes x clients) in sl e respectively. The main goal is to reach Preventive/Predictive Maintenance. Since PREPA resources are limited, the goal when 2-a2weeks 1 | Createa data business analytics team (DBAT). | your company has and using it to make data-driven
H H HP H o A o o o e o A decisi .
O Move from reactive maintenance to predictive/preventive both Cause reported and Cause not looking at improvements is making processes more efficient in terms of time and resources needed so PREPA can s
reported. . . . . . . . . . Part of the responsibilities of the DBAT is to decide how
maintenance atte.nd service interruptions a.nd correctly ass.ess the cal{se .of the mterruptlon.s and the poss.lble flx. Mob.lle — , 2:;2;:::;:?;?2 r::i:s(:;c::ltl:::;:::z:rireatea the data will be studied and what software’s/tools will be
devices, drones and the other improvements will help monitoring and data gathering so that repairs will be easier vegetation management plan . needed. Top management is responsible for creating the
H H o o o . o - tati t plan.
0 Recommend suggestions to improve the processes to apply and completed sooner. By standardizing processes and making them more efficient, eventually PREPA can Toge R On MAnmeemer b
. . g . . . 4. . . . . i i ill hoosing th
O Increase efficiency of Technical Staff and processes clear problems and start Preventive/Predictive Maintenance. Preventive/Predictive Maintenance is a sure way to , ; veexs 5 | Train corresponding personnel on the correct | I">re< 1on superviser Wi ouersee chooste he
\ P ( d . . . h h " " k PREPA f di | . f . usage of mobile devices and inspection drones. p. & &
. e me e e R ecrease service interruptions which will eventually make more profit and increase client satisfaction. companies.
D Increase yearly proflts o — N J R DBAT decides what type of data (parameters, DBAT decid h fd ilb " p
T o Su St a l n me nt fo r 2-3 WEEKS 4 | time, voltage, zone etc.) To conduct necessary con duc::;]:::r:st 2:;: a:: ‘::s € collectedto
= C Monitoring Plan Response Plan analysis. ponCing analyses:
o T . ° ° - Assign the team that will be _ _ _ The pioneer region is selected to reduce risks and
o ) o ) Pote ntla I SOI utlo ns responsible o fmonitoring this ) 3.0 WEEKS 5 Fhoose the pioneer regl-on to |r_nplement investment dfxrin_g implementatiotl. This_wav,
How satisfied are you with How satisfied are you with potential solution - Response team will act on an out- improvements for a period of time. |l:fplefnentatlon in the other 6 regions will be more
ici - - intai i i i " of-control event in the process. cffective
SUPPLIERS INPUTS PROCESS OUTPUTS CUSTOMERS the methodology of the number of technicians I I I Paretos Di ag rams C ause-an d - Effect Di ag ram FMEA To maintain this potential solution - Collect the data with the correct f; b AnZl oo roam e _ T _ _
attending the inspections? working on the inspections? B PREPA must invest in new innovative sequence and parameters. (the data il act based on the datz collected 24 WEEKS 6 ::l)::\Ier::ntva:i:nrsf:nt:;ntheii:‘esra:re‘gions be taken L‘:Tlesfggfaf;i::::Z:ThpelZTheel:tZtrI:;iz:)scessWI"
. . . . wi 5 .
Faitare Niode and Effects Analyi ways to do inspections, data collection,  should be always collected during the | - Response team will have a backup
\ 4 \ 4 \ 4 \ 4 \ 4 When aSked hOW satISerd they When aSked how satISfled they . . . . . ey . Description Process Potential Failure Potential Effects of Failure Root Cause SEV|OCC|DET|RPN and Vegetation management WhiCh Wi" ’nspeCtlon and repa,r proceSS) plan for inSpeCtionS in case g g a Improvements are implemented in all regions considering
are with the methodology of are with the number of The Pareto diagram is an analysis that helps assign priorities when analyzing data — Inspection not executed / - . . - Beware of the maintenance required 30 WEEKS 7 | Improvements are implemented in all 7 regions. | .~ . d results of the bi .
. . . .. . . . . . Vegetation Notification of inspection Error in notification Dissatisfied customer Lack of organization 8|1 1 8 make the ent"‘e process more eff|C|ent|y : malfunction With the elect’.on"c the observations and results of the pioneer region.
attending the inspections, Top technicians working on the so that the focus of the improvements is done in areas where they will affect the Limited technicians "\ Limited use of smart technology : . ) of the equipment to be up to date. / . s
1.S. CUSTOMER NOTIFICATION INSPECTION PREPA . . . . . Natural disastere Limited of " Notify personnel in charge of | Not having enough cor:ell::tzni::l :Sttizr\:a}lllibsleet;ion Lack of personnel sl el 1las W|th the result Of Iower customer . . deVlces (drones, mObIIe deVlceS).
DEPARTMENT DATABASE OF INSPECTION COMPLETED Management answered the inspections Top Management most. The first two Paretos are from the two different metrics [Number of Transportation/Field ; inspection personnel SN P interruntions - Have all trainings up to date for the DBAT study results to analyze effectiveness of DBAT will study results continuously while creating new
FY : P o HEp. . . . . . . . . Fleet R ersonnel arrives * j i i -
following: Totally dissatisfied 0%, — answered the following: Totally interruptions and Interruption duration index] while the last two were divided persomnel arrves atnspecton | NSNS | eadeuatey | tackoforganiaton | 7| 7 | 1 | s P employees. ALWAYS 8 | improvements, recommends further studies or | PreJects With the purpose of improving processes and
No real time visibility of ongoing processes site . . . .
+ Dlssat|5fled 50%I NeUtraI 50%I dlssatISfled 50%! DlssatISfled . t f d t T t th f d t t d f d . d d- ¥ going p : adequate materials projects to be studied and conducts them rEduc"‘f fa;lure;' -I‘I-:t]e des{rid e
NOFTIFY SatiSﬁed 0% and TOta"y SatiSﬁed 50%’ Neutral 0%’ SatiSﬁed 0% INTO Teeder .Se S. 10 Create e .ee er Se.S We- sorte every ee E‘-r -In escen |ng Reactive/Corrective maintenance Limited fonde & Process of visual inspection ngteic:epr:'gzleedm Wronguse:;tr(::o:irrcee;/Problem Lack of experience sl s |1|a0 c I . preventive/predictive mainténance.
sllrqu:LEIETRfo?qF INSPECTIONS PERSONNEL IN INSPECTION RESIDENTIAL 0%. and Totally satisfied 0%. order counting the number of interruptions in each and then divided the total oty i wpection Report lost or sent : RECOMMENDED onclusion
TO0LS TOOLS CHARGE OF REPORT SECTORS amount of feeders (1,034 feeders) into ten sets. Each set accounts for 10% of the High number of P | Sendreportofinspecion | tothe ot |Redomspection/Delayonrepair| lackoforganization | 7| 1| 1) 7 ( START ) The Implementation Plan mentioned in this phase addressed a step-by-step
H H int ti ause of failure e-do inspection process / Time H H H H H H H H
INSPECTION feeders and where called feeder set 1 through 10 for organization purposes. interruptions - strtrepairprocess | Couseoffolure | Redoimspecon proces /Tme | g ovsning | | 1|1 8 implementation plan with their description and expected timeline. These & C I .
+ . Give follow up of inspection wpl::r:eus'nscs:'er::ir V\;orki:[.:jrc/)greTsnotcorrectly Lack of training or 2lel1la PROCESS steps are: create a Data BuSiness Analytics Team (DBAT)’ DBAT Wi" choose onc USIon
report ) identified / Failures continue experience
PERSONNEL -and- i i ncomplete Y the adequate software, mobile devices, and inspection drones and create a ’ i i i
TECHNICAL ARRIVES AT PROBLEM COMMERCIAL Open ended questions: Interruptions per failing In the Caus_e and Eff_ect Diagram pr_esented ?f the Causes of ng_h : NOFTIFY R q ’ 2 P . :I'he team’s main goal is to try reduf:lng the SAIDI and .SAIFI, the
STAFF INSPECTION SITE IDENTIFIED SECTORS H ) o feeder number of interruptions, you can find the different causes of this ‘ NOTIFICATION _ PERSONNEL IN I Ve AT Vegetation Management Plan, then train corresponding personnel on the improvements are geared toward reaching these goals. The first part of
nterruptions of failing feeders ause . e epair process e-do repair process / Time an ack of training or OF INSPECTION - CHARGE OF ” H H H H H . . . .
i o B e ow many mterruptu:jns per e e by e problem. The causes are presented for the 5 categories: P | Repairprocesscompletin | iR o | Retorepar pracee (Timeand | tase ot e o 2|1 INSPECTION INsPECTIONSITE| ~ correct usage of mobile devices and inspection drones, the next step is DBAT the improvements chosen (Drones and Mobile Devices) are tailored
wooss - e :.usc::or:er on av:;a:ﬁle? oyou In the Pareto of Interruption - Environment, Personnel, Machine, Methods and Materials. The decides what type of data (parameters, time, voltage, zone etc.) to conduct into conducting inspections faster, with less people and with readily
PROCESS OF T e - I-Iln al equate ( ).d of Failing Feeders by Cause, is " causes are stated above: v necessary analysis, following to choose the pioneer region to implement available live information, which will reduce the duration of
VISUAL 9 - . : ) ) . . : . . . . . .
s INTERRLPTIONS T f.ozjllv gng on average do you observed thfat 2?-‘:74» °:_the DDDDDDD 1. Environment: Natural disasters can occur, and feeders located The Failure Mode and Effects Analysis method is used to be able to SEND REPORT INSPECTION PROCESS OF improvements for a period of time, then DBAT study the results and begins interruptions (SAIDI). The second part (Data Business Analytics team
causes o interruptions o . . . . . . . . <& . . . . o e . . . . .
o _ '“I a equate?mterruptlons oxplain 71%  of P N o in mountain areas can result with a high number of evaluate all possible failures that can be observed in the process being. VA NOBILE COMPLETEDVIA INSPECTION an Implementation Plan for the other regions, after the previous step and Preventive/Predictive Maintenance) is directly associated with
v How satisfied are VOU.WIth to last (SAIDI)? interruptions between the Zz interruptions The table consists of "Process", "Potential Failure", "Potential Effects of MOBILE DEVICE improvements are implemented in all 7 regions and finally DBAT study reducing the number of interruptions (SAIFI). Right now, PREPA deals
SEND REPORT ELECTRICTY the measures t?O predict The overall feedback of questions period 06-01-2019 and 04-30- = 2. Personnel: Limited number of technicians to attend the Failure" and "Root Cause". The meaning of "Process" in the table results to analyze effectiveness of improvements, recommends further on a case-by-case basis while doing Corrective Maintenance but it is
When asked how satisfied they about SAIFI and SAIDI is that they weight are: Broken, Open or Fo P 3. Machine: Limited use of smart technology due to lack of f'allure indicates how the" process could end up being a failure. UP OF _ REPAIR PROCESS END Implementation Plan it was proposed various sustainment techniques Preventive/Predictive Maintenance which yields huge advantages and
o £ 3 : 8 g i i H ” . . . . .
! are with the measures to predict  2r higher than they are supposed crossed Conductor - 2% o training potentlal Effects of Feture’ means the possible elfects of the process "REroRT FOMPEETON (Standardization, Documentation, Monitoring and Response Plan) to make | have been shown to lead to a tenfold increase in ROI, a 25%-30%
GIVE FOLLOW : : . ause not reporte : : : o : : oing wrong. Fina oot Cause" explains was which or the cause o . : : - L .
RGE future failures Top Management to, and their goal is to minimize Unhooking 18%p and Animal 4. Methods: No real time visibility of ongoing processes, doing faus?n theg rocess\:"ailure P sure that the potential solutions will be effective. reduction in maintenance costs, a 70%-75% decrease of breakdowns
INSPECTION answered the following: Totally Po'fhl;:he v:c pmv":edfthe team or Strange Object 7% Corrective Maintenance and only doing visual inspection gthep ' and a 35%-45% reduction in downtime. Finally, while doing research
T o o ettt 257 amt since most of the questions were resulting Wlth a high number of interruptions that are not This analysis was completed with the process of Inspection and Repair of ' ‘ and be-.nchmarklng it was reallzec! the. importance of hav.lng a
Totally satisfied 0%. answered Totally dissatisfied or Interruption Duration Index attend.ed on time . _ _ feeders. Potential failures worth mentioning when considering the Risk N AC K N OW L E D G E IVI E N I Vegetatlon. Management Pr?gram since n the Pareto analysis Fhe
REPAIR PROCESS Dissatisfied under their current (minutes x clients) — 5. Materials: Limited number of materials to use for inspections Priority Number (RPN) are: not having enough personnel (RPN: 48), I", - second highest cause of interruptions is caused by Vegetation
nterruption uration Index by Cause (minutes x clients . ] “1 . .
COMPLETION status. on and/or repairs needed personnel can arrive without adequate materials (RPN: 49), the correct | (Unhooking) and currently PREPA invests around $50,000,000 on
In the Pareto of Interruption - problem is not identified (RPN: 40), and process is cleared to begin when vegetation related issues each year. Because of this it is also

We thank the Puerto Rico Electric Power Authority for giving us 18Il L[N '
the opportunity to carry out our Capstone Project with their N\CAF@) & Fp)\p DIE (2N

Duration Index, it is observed
that 26.67% of the causes of

it is incorrect or incomplete (RPN: 42). recommended a Vegetation Management Program comprised of

multiple initiatives designed to reduce the average time customers are

4¢ Conclusion ~ 4 Conclusion

interruptions explain 68% of i i . . . . . . .

the inlierruptio:s between This Phase introduces various potential solutions such as: Drones, Mobile Devices, creating a Data Business Analytics Team, Vegetation :)I::(:rie?ii:arittm::st. h:l\:)ee daLSSO e::fvr;k a:c;ztufrf)er ptr::‘sesslij::::; mctlh::ts ilrzc\f:r::tlit\\/,eblslcaai:::n:zc\(,ee?:itt?:tci)\?e-:e:a:::n:enc:e:nclll:eu:::l. n-:?c:ls

The Define Phase of the DMAIC method allowed us to define PREPA’s problem and to better understand the the period 06-01-2019 and Management Programs an.d Prev?ntive/Predictive Mair.ltenance.. These potential solu.tions ad.dr.ess in reducing both duration. of interruptions workers in’ the Industrial Engineering field. Develobing new cycI: maintenance), Corrective Maintenance (t‘r)ouble wo\r,k and service
rocesses and peoble involved in the different parts of our studied process. Also. from the VOC. a valuable 05-31-2020. The causes with “SAIDI” (Drones and Mobile Devices) and number of interruptions “SAIFI” (Preventive/Predictive Maintenance and Vegetation Management : : g g . pIng : o ’ ‘ g .

P peop P P : ’ ’ most weight are: Broken, E Programs). The Data Business Analytics Team was mentioned as a potential solution since PREPA is not collecting data in an effective way and is skills on how to address big and complex problems. We also restoration efforts), customer trim requests, and support of system

Open or Crossed Conductor
25%, Unhooking 23%, Cause
not reported 13% and Animal
or Strange Object 7%.

improvement and expansion projects. The last part of the Improve
Phase was a Cost Analysis where the benefits of the improvements
were evaluated against their costs and estimated that the Return of
Investment (ROI) for the first year would be around 195%. Having
completed the improvements, it was proceeded with an
Implementation Plan followed by a Monitoring and Response Plan in
the Control Phase.

feedback was gathered which will be considered in all stages of the project. In addition, the team learned
various specific terms used in the electric utility’s companies like SAIDI and SAIFI that will be used in the
Measure and Analyze phases of the project. Finally, the Define phase helped identify the purpose of the
project in terms of the objectives of the project and beneficial expected results.

thank Humberto Campan from PREPA that helped us during the
development and understanding of the project for his support.
Finally, we thank Dr. Carlos Gonzalez for always being available #
during Capstone and mentoring us during the project so we |
could achieve the expected goals, and for his commitment to
providing a quality Capstone course.

| :0f ¢ 3 @ P i not having visibility with real time in ongoing processes. A Cost Analysis is mentioned illustrating all the investments that are needed to
x implement these potential solutions that are being recommended (such investments are not included with taxes and insurances). By adding these
- improvements, the Total Cost for the first year is around $574,212.18 and $261,672 the following years. As the team calculated the loss of revenue
caused by interruptions which amounted to a total of $2,804,262.52 per year (approximately). When assuming a 40% reduction in the SAIDI, the
loss of revenue will decrease by around $1,121,701.20 which means that in less than a year PREPA will be able to recover their investment of
$574,212.18 and the Return on Assets (ROA) was additionally calculated with had a total of 195%.




