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EDC’s 5Cs Digitalization Strategy

Mr. Emmanuel “Manny” Portugal
Chief Technology and Digital Transformation Officer
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Energy Development Corporation (EDC)
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1,169MW 150MW 132MW 6.8MW

GEOTHERMAL WIND HYDRO SOLAR

» 40 years of Geothermal Operations in the Philippines
s 4 Sites nationwide with a total of 25 Operating Turbine Units
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Some of EDC’s Operational Challenges

« 2018 Unplanned Outage Factor at 13.72%
» 2018 Availability Factor at 84.81% (Target is 95%)
* 90% of Preventive Maintenance Schedule (PMS) has extended work

» Silo’ed data — Operations & Maintenance, Reliability Management, Power Plant
Data, Steam Field Data.

* Incomplete fleetwide operational data standards
 Limited operational awareness of well performance

» Heat/steam losses along the Steam Filed Pipeline network
* Data management by Excel/Screenshot/CSV files

2 Operation & Maintenance by leveraging Operational Data - data generated
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Digital Transformation Vision and Strategy

e IMPROVE O&M BY DIGITIZING sy
THE VALUE CHAIN

UPSTREAM DOWNSTREAM
Drilling HEEaly Steam Field Power Plant
Management
5C STRATEGY

Digital Drilling CONNECT Real-time Data
Digital Reservoir Situational Awareness
Digital Steam Field Aedlaer Operational Insight
Digital Power Plant COMPUTE Data Driven Decisions
Digital Geo Sciences Automated Reports
Digital Solar A lilblie gt Quick Access to Info
Digital Wind CORRELATE Analytics
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DELIVER OPERATIONAL INSIGHT WITH VISIBILITY AND REAL-TIME DATA
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DATA FLOW

OPERATIONS PLANT MONITORING & CONTROL



Operational Data Flow

OPERATIONAL
KPI'S

SMART STEAM
FIELD

ENTERPRISE RESOURCE PLANNING (SAP / CMMS)

SPC/ANALYTICS

EARLY WELL HEAD PERFORMANCE

CRITICAL ASSET

ASSET o 'WARNING VARIATION AND
MONITORING RISE{'?::;_:;RE SYSTEM APPLICATION RELIABILITY

Pl+ INTEGRA +
LIMS

(Apallo) (Apollo) DASHBOARDS H2S

GeoHazard
Safety

OPERATIONAL DATA

LIMS

&

PUMPS
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DCSPLC/ CONTROL MANUAL PLANT
SCADA SYSTEM H'STOR'AN DATA DATABASE INTEGRA
01100
4 & -E) @ I Bl ® i
A 111310
HEATEXCHANGER  TURBINE  COMPRESSOR  GENERATOR VALVE  TRANSFORMER  TRANSMITTER  OTHERS

Enterprise-wide visibility of operational data

#PIWorld  ©2019 OSlsoft, LLC



EDC Digital Transformation Roadmap
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2018 2019 2020 2021+
VISIBILITY ROLE-BASED OPERATIONAL KPI TECHNICAL c°|'3"A°s';')°" PREDICTIVE
DASHBOARDS INSIGHT MANAGEMENT MONITORING MAINTENANCE MAINTENANCE
] ]
Well Head Availability Well Head Variation
Pressure and Flow Early Warning System
Sensors Alert Notifications via
Email and SMS Reinjection Loading Reservoir Decline
Pl + Integra Well Output
n n
Priority 1 Wells
Smart Steam Field Alert Notifications via Steam Loss /
Email and SMS Inefficiency / Revival Equipment Monitoring
- Vibration
Smart Power Plant - Rotating Equipment
-Turbine and Generator
Ll Ll

Thermal Mapping

Pl Server
Implementation

Pressure and Flow
Sensors

Pl Server
Implementation

N> PIWorld san rrancisco 2019

Alert Notifications via
Email and SMS

Reliability

Performance

Reliability Trending
and Analysis

Performance Trending

and Analysis

Asset Management

Priority 1 Wells
Critical Asset Risk

Score

MHPS Collaboration

Asset Health Index

Asset Management
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Pl Vision Displays

SRR © New Display | m | BACMAN-WEBedcadmin | @

EDC-BGBU-VC-FCRS  Asset  B1PP-1(Palayan Unit 1)+ ¥ +AdHoc Display [0

Integra - Management Dashboard
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T02018 8:30:06 PM 31d 811012018 8:30:06 PM
PRESSURE REDUCING STATIOMN
Combined Steam Flow from Separator Vessels
SV 301/302 Power Plant Steam Flow Indication 1
597 4 ‘
12253 STL-701 462.8 th
SV 303/304 o7l .707 485 7 t/
12742 th STLr02 A T
Total 948.5 t/h r
500
_ _ _ _ Reinjection Wellhead Pressure
Total Steam Flow 3 Total Steam Flow 400
PAD E PAD H PAD C PAD RA oo
38417 th 268 72 th 0.03096 th PALIRD 0.2097 -
r - 100
871.86 th N |
Grand Total Steam Flow 7/10/2018 8:30:08 PM 3d 8110/2018 &:30:08 PM

[ 70201882058 PM | | 81012018 8:2958 PM |
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Facility Daily Operation Report (FODR) — Real Time

energy © New Display | m | BACMAN-WEB\edcadmin | @
+ Ad Hoc Display [w

® A0

FODR

fffff

Unit 1 Unit2  Unit3

80713 mwn Y 2 T —

[ 810018 8:37:51PM

7" 0Slsoft.
#PIWorld  ©2019 OSlsoft, LLC 11

N> PIWorld san ere

| 7/11/2018 8:37:51 PM



Sample Datalink Reports

in Ghh

External - Market Intervention

Pawer Plant - Gas Fernoval Systern
Power Plant - Turbine Systern

Resource - SteardFICAP Shartfall

Power Plant - CoolingCirculating Systern
Power Plant - Others

Power Plant - Main Stearn Systern

Power Plant - Maintenance Shutdown
FCRS Testing

Power Plant - Generator Systern

Paer Plant - Condensing System

FCRS Problem

Power Plant - Electrical System

Power Plant - Switchyard & TL

Power Plant - Controls and Protection Sush
External - Others

External - Force Majeure

Urit 1
Unit 1
Urit 1
Urit1
Urit 1
Urit 1
Unit 2
Unit 2
Unit 2
Unit 2
Uit 3
Unit 3

OSlsoft.
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Y¥TD September Total Unplanned Dutage and Deration

0.08
21
061
263
110
170
193

0.04
193

061

Unplanned 16.00

0n
207
0.0z
327
473
076

YTD September Generation Losses due to Unplanned Outages and Derations

18.00
00z 0.2z 1424
030 466 14.00 1294 ]
0z0 0.2z I
01t 399 1200
a0z 1043 10,00 —
[ike] 199 H
- 170 © s
- 193 625
: : . ]
- - 400
- 0t
- 043 200
025 402
045 045 -
144 144 Unitl Unit2 Unit3
03z 17 B Power Plant - Gas Removal System W Power Plant - Turbine System M Resource - Steam/RICAP Shortfall

o es wa ex ma Pawer Plant - Cocling/Circulating System @ Power Plant - Others = Power Plant -Main Steam System

Top 802 Unplanned OutagesfDerations

OutagesiDeration |eneration Loss [MWH Cause Code Category jon Cause of DutageiDe Actions Taken

COutage
Dutage
Outage
Outage
Deration
Deration
Dutage
Deration
Deration
Deration
Dutage
Outage

Total
# of Total

2671
gl
1933
1986
1763
1064
1783
2163
3274
4,406
2543
144

27,48

m Power Plant - Maintenance Shutdown m Power Plant - Condensing System FCRS Problem

u External - Others

Power Plant - Electrical System m Power Plant - Switchyard & TL m Power Plant - Controks and Protection System

Fower Plant - Cooling/Circy e Unstable water level atn  Maintenance personnel replaced cooling water discharge valve shaft positioner conmecting linke Peplaced burnt solemaid coil
Fower Plant - Main Steam ! » Actuation of Dernister lew » Feset alarm and re-start the unit @ Conducted welding works on the detached bracing on the main steamn line strainer #2
Power Plant - Mairterance Extended PMS due to dela Rie-start the unit and put back to cornmercial operation

Pawer Plant - Electrical Sy: e Logs of 480 power supg  Open vent of Buchholz relay to release trapped gas. @ Reset actuated alarm and conducted loop check

Power Plart - Gas Rernovs Low Condenser vacuum — Fing adjustment on Steamn Gas Ejector (SGE) Sustemn

Power Plant - Others RTD Schedule Maintain limited load and increase |oad after clearance

Power Plant - Electrical Sy: Actuation of Generator Loc Conduct testing on transformer

Power Plant - Gas Rermova Low Condenser wacuum — Fing adjustment on Steam Gas Ejector [SGE) Systern

Resource - StearfRICAP S Low stearn pressure due b Conducted valve maripulatioradjustrnent of stearn balancing line at Pressure Reducing Station

Fower Plant - Cooling/Circt Low condenser vacuum pr ksmipulated valves in steam systern ta limit the gas content of steam supply and also reduced the condensate Flow going ta cooling tower
Fower Plant - Cooling/Circe Outage of hatwell pump  Repair of hatwel purnp and replace Hot Well Pumnp discharge valve

Power Plart - Controls and Defective Main Stop Valve Repair of MSY #2 actuator

#PIWorld
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Pl AF - Early Warning System

Elements ()
| i T | — & Bements ‘L =) |NCLUDED LRVP AND HOT WELL PUMP VIBRATION IN THE
e ] [ (s iy =- & EWS enerogy DISPLAY PAGES
T A o AT | =@ unt1 3 [ Category: <None>
} 5~ (@ Boler
[Z =l |~ @ ArFlow a L lLJAvuwemmMA
=) | l

T B— === | | g :ms;m a8 L 2] Average Instrument Ar B

e | [~ @ AyBumersFirng g3 L] ) Overal Average

el T (e | & @ BFP Stop Overrde —

o \ @ 8othPAFans Off anamd (2 Category: Alarm Status

e #— @ Bumer Ol Running

3 7 = Z] status

#~ (@ CWP Stop Override

[ @ Do 3 () Category: Header
#~ @ FOF Stop Overrde -
@ FGD FG Path Block /s B 2] Header

? |- @ Fnal SH Outiet MS Temp_.
% @ Fumace Presaure 3 (2 Category: Status Count

- @ GAHMNo Rotelion 52 = ) Parameter Count

- @ IDF Stop Override
= I
& MFT From MFT Panel

- @ M A, fIn A 18, [Ir Ar 2;[Cmtf
& NoMFT badval{A) then 0 else A); [D=if badval(B) then 0
& No Oi Fuel Trp eise B];[E=(A+8)/2)

@ Ol Burner Valves
#i- (@ PAF Stop Overrde
@ (@ PFFlame Fahre
#~ (J Purge Ar Fan
|~ (@ RHProtection Trip
#- (@ SCAF Override
#— (9 Turbne
L~ @ P1Data Archive
£}, Blement Searches

! OSlsoft.
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9 INCLUDED LRVP AND HOT WELL PUMP VIBRATION IN THE
eneragy DISPLAY PAGES

LEBEU NGB MACGBU

= Bdonitoring. — e o FPower Plant o

e

W Mormed / Hesshy
[

- T s

Dt it T T Avmi i

o FAPONE D55 57 AM

LEeu

= Power Plant = Paloyan Unit 1 > MAG — Coooling YWoter Syatoem

= LRWP A = Trip Looic

Lagand:
W ricernal ¢ Heamy
Mimrning
MABraen Drain Saparator Status Tranding ACWE Status Tranding . LEWE Saal Weter Walve Status Tranding - Trip Al
T E T E T : R
Vi YT P -

m S Srms Teanse Sondmnasy Lo b=

FADIZ01E o
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Pl Notifications

&)

energy

ADDITIONAL EMAIL NOTIFICATION FOR LEVEL DUMP
VALVE

BGBU FCRS SV 405 Warning - Level Dump Valve Notification

7 ] 0Slsoft.

> PIWorld san rrancisco 2019

notify@energy.com.ph & 5 Replyall |v
Yesterday, 4:03 PM
Alexa Tolentino ¥

BGBU FCRS SV 405 Level Dump Valve Logic is triggered at Jul-18-2018 03:51:29
Level High is triggered and Level Transmitter reached its limit (2 out of 3) parameters are triggered. LDV
potentially will Open.

See link:
EWS Display.
""" Energy Development Corporation (EDC) CONFIDENTIALITY NOTICE ==~ ~**

This electronic mail message. including any and/or all attachments, is for the sole use of the intended recipient(s), and may contsin confidential and/or privileged
information. pertaining to business conducted under the direction and supervision of the EDC.

All electronic mail messages, which may have been established as expressed views and/or opinions (stated esther within the electronic mail message or any of its.
attachments), are laft to the sole responsibility of that of the sender, and are not naecessarily atinbutad 1o the sending organization. Unauthorized interception,

review, use, disclosure or distribution of any such information contained within this electronic mail message and/or its attachment(s). is{are) strictly prohibited.

If you are not the intended recipient, please contact the sender by replying to this electronic mail message. along with the destruction all copies of the original

electronic mail message (along with any attachmenis).

#PIWorld  ©2019 OSlsoft, LLC
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Exergy Analysis Model using the real time data and historical data

OSlsoft

Pl Vision

@ Reliability Overview  Asset: | MAD - Main Turbine Bearing+ ¥

@ newpispiay | [1] | csoc

+ Ad Hoc Display

KG) Reliability Monitoring

ff\  EDC-FIEETWIDE MONITORING > Reliability Monitoring

Paimnnlﬁ Paimnunz

Unit 1 Unit 2 Unn3 Unit1 Unit 2 Unit1 Unit2 Unit3 Sog1 Sog2 Okoy 5 Nasulo Unit 1 Unig2 Unit 3 GCCUM GCCU2 GCCU3 GCCU4 Unit1 Unit2 Unit3 Unit1 Unit2 Unit3 Unit1 Unit2 Unit3
vibration [N I BN 00 00
Temperature . . . . . .
Tribology ® ® 0 o o0 0
. i (® ©® ©® [ J 00 ® 00
=
E Temperature . . . . . .
8 Partial
Discharge
— — — —
2 Lube Oil
=
2
(=3 Temperature
[d
Thermal Sean
Vibration ® 0 O
GT Water
Properiies
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Exergy Analysis Model Algorithms in Asset Framework

a WWCE-OCC-ARLGBU Wells and FCRS - Pl System Explorer (Administrator)

7 ] 0Slsoft.
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Search View Go Tools

aDatabase 5 Query Date ~ (© ﬁ' @ Back 3 |H, CheckIn %2 « [#] Refresh

|j Mew Element - =1 Mew Attribute

Elerments

&% Elements

=l (1 EDC

= (F Leyte Geothermal Business Unit
e [ Mahanagdong Facility

- [ Malitbog Fadility

= (1 Tongonan Facility

= [ Production Wells
= & 551

Q

101

LML TEE T
5
o

- (552

- (G Upper Mahiao Fadility
...... [ FI Data Archive
(3, Element Searches

[ TGBP {Tongonan Topping Plant)
(F TGPP {Tongonan Power Plant)
ﬂ TGSF {Tongonan Steam Field)

- (G Reinjection Wells

- (G TGSF-0 (Tongonan Common)

[ (G TGESF-1 (Tongonan PP Separator Station
[ (G TGSF-2 (Tongonan PP Separator Station

101
General Child Elements Attributes  ports

Motification Rules  Version

Fter
|| * |m|&| &8l Name =] value
= Category: Exergy Static Data
= =1 ) 104.7 kljkg
= El (s) 0.3877 k3f(ka K)
= =1 Tk 298,15 K

= Category: FW - Exergy Calculator

- <7 10- Tsat

187.79695129394531

Ly @ & 11-5f 2.214385

Ly @ & 11-5g 6.52655745
o B & 12 - Entropy 6.50099373
L0 B | &F 13 -Exergy Pt Created

= Category: Instrument Data

= <7 Pressure 1.10000002384186 MPa(g)
Category: Integra Chemistry Data

Category: Integra TFT Data

= Category: Well Steam Availability Calculator

= =1 Coeffidents (H) s}

= =1 Coefficents (TMF) s}

= & =1 Enthalpy 2772 k1 fkg

B

E € | =] Mw Output

4.56213251924576 MW

B

= & =1 steam Flow (BOM)

11.1316036038007 kg/fs

#PIWorld  ©2019 OSlsoft, LLC
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Pl Integrator for ESRI

& Bacman WellHead Pressure Momtormg

- Find address or place E

123.947 13.049 Degrees

bgbu_pal_wells ‘\ Well Track | FCRS Facility = Road Network | Water Body |
11 Options v anker by Ma;> Extent O Zoom to 4 (X) Clear Selecuon Cc Refresh
WELL NAME ' ;
PAL13D

PAL24D
PAL25D
PAL28D
PAL22D

OSlsoft.

PIWorId SAN FRANCISCO 2019

with Web AppBuilder for ArcGIS .

palwells: PAL24D

WELL NAME PAL24D
SECTOR PalayangBayan
WH Pressure 8.08

Edited by marasiganrandy seconds ago

GRESC Ama

SECTOR

PalayangBayan
PalayangBayan
PalayangBayan
PalayangBayan

PalayangBayan
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Secured Pl System Architecture with Waterfall

ArcGIS
GeoEvent

R Pl Integrator for
Esri ArcGIS

! OSlsoft. al
N> PIWorld san rrancisco 2019 ) #PIWorld
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Google Sheets — Manual Logs

Submissions P1 Tag Info

~ ~ B P 0% - $§ % 0 .00 122. Al - 1 - B I s A ¢ H =4 x- Sl C8 Manual Logger X
oA 8 c o] e F 6 H I s K Web Server UL
I Select | Parameter Min Max UOM Root Path Data Item Object Type Data Type B[ 20) Value | hitps /Mocaihostipublic/api v Save
selector parameter min max uom path data-item object-type  data-type
AF Server
X 3AVION_UOVEPP 0 o0 \\PL.SERVER\3AVION_UOT/EPP 3AVION_UO1/EPP  PI Float64 2018.09-1392229 0 OK PI-SERVER © Settings
X 3AVION_U01/RTD 0 0 \WI.SERVER\3AVION_UO1/RTD 3AVION_UOTRTD PI Float32 2018-09-13 92231 0 OK
X 3AVION_UO1_FINAL EAP 0 0 \\PI-SERVERI3AVION_U01_FIN/ 3AVION_UO1_FINAL EPI Floatt4 2018-09-13 92234 0 OK
X 3AVION_UO2EPP 0 0 \\PI-SERVER\SAVION_UO2EPP 3AVION_UO2ZEPP  PI Float32 2018-09-13922.38 0 OK

Enter Submission Code +

& Ccode Status Date

n 1300201801  Completed  09/1372

<& Submit for Approval

/7 ] OSlsoft.
N PIWorId SAN FRANCISCO 2019 b #PIWorld  ©2019 OSlsoft, LLC 20




SMS or Email Event Annotation

Given constraints with the PI Vision
access, this allows the user to annotate
an event received. Annotation and
attachment could be sent out via SMS or
Data.

Notification Server sends out Notification
cipient receives notification
ds out response or annotation

! OSlsoft.

' PIWorld san rrancisco 2019

1 SMS / Email
Annotation

SMS / Email
Notification

Pl Notification
Server
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Some Early Wins

Reduced to 15 hours with online well

72 hours needed to revive PAL25D well s
head pressure visibility

Silo’ed data - Steam Field data not readily |End-to-end visibility helps consistent
available to Power Plant and vice versa power plant generation

System-generated alert notifications sent
within minutes when thresholds are
breached and outage occurs (April 18 and
May 1)

1-4 hours needed by Operator to inform
concerned stakeholders when forced
outage occurs

Operator-dependent and reactive issue |Faster issue identificationand resolution
resolution with critical asset visibility (controlled
shutdown last May 1)

Hourly manual logging of operational

. Reduced manual logging

N> PIWorld san rrancisco 019 #PIWorld  ©2019 OSisoft, LLC



Next Steps...

* Integration to CMMS
* P| Integrator for Business Analytics

e More Data
* HART IP for Steam Field Devices

-« Geo Sciences
~ « \Weather Stations
+ Landslide / Soil Monitoring

Notifications

! OSlsoft.
&‘ PIWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 23



Energy Development Corporation

5Cs Digitalization Strategy

Data was in Silos and not Real 'I(;i_mte Data \{isibiéi_tf hast
delivered Real Time to Users for Immeaiateé Impact as difieren
accurate decision making. SearicE WOIRREUEHIETINES

» PI System as Single Source of Data

¢ Power Plant and Steam field Data

e Connect and Collect all — Manual,
are not correlated

Digital, LIMS, Historical, Sciences

* Root Cause Analysis takes some 2o

time + Communicate — Visualize and Notify

» Compute and Correlate — automate
calculations, continuous improvement

0Slsoft

PI World san rrancisco 2019

Ability to have a more accurate
forecast on Well Head Pressure
that translate into faster
resolution and availability of
Steam to the Turbine

* Est. 75% increase in time to revive a
Well for immediate operation

» Faster Root Cause analysis

» With Real time natifications and
Early Warning System, they can
detect and prepare for the Well
reviving operation as a team.

#PIWorld  ©2019 OSisoft, LLC 24



Contact Persons:

UQ) « Emmanuel Portugal

 Chief Digital Transformation Officer
energy _
* Energy Development Corporation
* portugal.ec@energy.com.ph

O/“ | |€8  David Honorio Lim [l

« CEO
 Calibr8 Systems, Inc.
« david.lim@calibr8.com.ph

! 0Slsoft.
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Questions?

Please walt for

the microphone i

State your
name & company

& 0Slsoft
PI World san erancisco 2019

Please remember

=
TO DOWNLOAD g

APP, SEARCH
OSISOFT ostuot

PlIWorld

# Download on the ETITON
@& AppStore P> Google Play
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