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Pl System paves the way:
1ISO 50001- Energy Management &
ISO 55001- Asset Management

Presented by Anas Diab
Performance Manager

CAES

we are the energy
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Hashemite Klngdome of Jordan (HKJ)
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Hashemite Kingdome of Jordan (HKJ)

« Limited natural resources Peak Load

8000
- Political situation in the region 7000
6000
. 5000

« 20 % of population are >
4000

refugees =
3000
. 2000
* Increasing demand for energy 1000
0

2010 2015 2020 2025 2030 2035
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Agenda

« About AES Jordan & AES Corporation

« Business Challenge

« Why we implemented the Pl System

 How the Pl System helps us

« Technical Problems Solved by the Pl System
« Results Obtained and Business Impact

« Future Plan and Next Steps

« Conclusion
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AES IS ENERGIZED BY A

6 MARKET-FACING GLOBAL WORKFORCE OF 5, 62 0 M W

STRATEGIC

21.000 reorie : GENERATION CAPACITY
" : : ' i UNDER CONSTRUCTION
coNTlNENTS § § ----------------------------------------- §
4 : AES serves FUEL T{YPE%: :
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.......................... FORTUNE 200 :
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REVENUES gﬁl@iﬁf&ﬁ% SUSTAJ|NAB|L|TY * Have Fun Through Work .
8 2 INDEX for North America for ...............................................

the Second Year in a Row

035 87 GROSS MW UTILITY R ——— AES www.aes.com
’

inoperation : COMPANIES | ARLINGTON,VA | nNyse @ @ Gn ®

THE AES CORPORATION

@OSlsofts EMEA USERS CONFERENCE -+ BERLIN, GERMANY © Copyright 2016 OSlsoft, LLC



AES in Jordan

Amman East Power Plant

Levant Power Plant
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Amman East Power Plant Levant Power Plan
First independent Power Producer (IPP1)

Fourth independent Power Producer (IPP4)
241MW Plant Capacity
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370 MW Plant Capacity + 30 MW Fogging system
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AES in Jordan

Contractual framework

Implementation
Ministry of Energy and Natural Agreement
Resources

. I Land Lease
Ministry of Finance / Agreement
Dept of Lands
Water Supply
Water Authority Agreement

of Jordan

NEPCO

A

Transmission
Connection
Agreement

PPA

Amman East Power Plant

Power Purchase Agreement

Loan

Levant Power Plant
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AES in Jordan

Long term PPA with NEPCO (Transmission and System Operator)

IPP1 and IPP4 Project companies responsible for facilities O&M for 25
years under BOO agreement

It is consortium of AES corporation , Mitsui LTD and Nebras

IPP1 Commissioned in 2009 with 370 MW combined cycle power plant
and IPP4 Commissioned in 2014 with 241 MW tri-fuel engines

State-of-the-art technology in power production

Pl System implemented in 2015
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IPP1- Plant Configuration

TIL L ITWearetheenergy

Commercial Operation Date
August 2009

+ 2 GT 300 MW- " L B e
Dual fuel ey ’ >

2 HRSG — Dual
pressure

1 ST 145 MW

Plant Ansaldo e
Technology * ST : Fuji B e " e <
* HRSG : Doosan mEE
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IPP4 - Plant Configuration

Commercial Operation Date
July 2014

» 16 tri fuel engines
15.06x16 =241

Plant Design MW
* 4 SCR
* Engine :
Plant
W18V50DF-
Technology Wartsilla
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Awards and Recognition
£

Health , Safety and Environment At ard
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AES Jordan PSE-Amman Enst Power Plant
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Awards and Recognition

Best Practices , Top Plant , Partnership Awards
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Emerging Partnerships

TOP 10 PPPs 2013

EUROPE, CENTRAL ASIA, MIDDLE EAST & NORTH AFRICA

Amman East Power Plant

(\ > . 7%
eyle/tceele

GT Fogging System
by

AES Jordan PSC
was Highly Commended for the

Best Innovation or Technology of the Year Award
at

2015
," [IDULE EHSI
' ELECTRICITY
M AVVARDUOS
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Business Environment

« Company income through PPA
* Fuel types (Gas , HFO, LFO) is
pass-through under PPA and it Iis
customer responsibility
« Plant performance is the main

driver for business profits and to
avoid penalties
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Why we implemented the Pl system

* AES initialed Energy Star Program which is
basically to reach cheapest and most efficient
power company by managing our assets and
optimize our operation.

« Optimize best performance of current Assets AES

by implementing Asset Management System EN ERGY
» Operate the plant on highest level of efficacy
AES ENERGY STAR

by Energy Management Implementation
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Why we implemented the Pl System

Management Requirements

Energy =Y

Asset AMSs
Managements Requirements
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Pl System
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Road to ISO 50001 Energy Management

Challenges :
ISO 50001 Requirements:

* Monitoring plant House load in details
« Efficliency and Heat Rate

« Actus HR Vs PPAHR

 Efficiency of individual equipment
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Road to ISO 55001 Asset Management

Overview

e AES developed 15 Identify Critical Establish
. Identify Process Performance Performance
Standal‘dS to |mp|ement Indicators Measurement

Asset Management
Identify Set performance

* One of these standards
is “Performance
Monitoring”
Calculate actual Analyze Actual Prepare and
performance Performance Execute Action
indicators Indicators Plan

« Performance Monitor
requirements
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How we benefit from the Pl System
Plant HR Vs PPA HR

Plant HR
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How we benefit from the Pl System
GT Model

FG HHV is: 28.55 MJ/m3 ( assumed ) " x =

COMPRESSOR INLET GTt fusigss flow 28478 Nm3/h | FG HHVIS. 5141 M2 S =

air mass flow: 43531 kg/s | | GT1 fusl gas flow 0.48 kg/sec -~ | &T1 tusb inlet v BR21.88 kikg -
niet air enthalpy higs o7  kykg| | ST FC Power 354, 15MW GT1 turb nlet temp T2 111508 C

pressurs: 0.91443 bir

temp.: 3585 C
14.26 %

TURBINE INLET
GT1 turb out iesl temp. 1459 118 C t
(GT1 turb out enthapy ha B85.721 kykg| |t RH:
572.579 deg(

joutpressure: =~ S70Dbar |
- out temp. 363.39 degCl
out air enthalpy h2: ©651.53 k'kg

pe—— - e IOverall Eff|30.69%

pohytropic enthalpy h25588 86 kikg

csgmed y 00

TURBINE OUTLET

GT2 turb inlet enthalpy h3546.81kykg

GT2 turb inlst temp T2 _g53558 C

— s — - ¢ 3 s T —————— 7

TURBINE INLET

GT2 turb out ideal temp T4483 217 C
GT2 turb out enthapy h4  504.022 *¥'Kg

GT2 turb out temp. T4 o55.135

Overall Eff§30.73%
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How we benefit from the Pl System

Steam Turbine Model

Steam Turbine Performance Model
Inputs Peaerf Soctual Calculated Perf Soctual
Conden=sate Flows (t/h} i‘l—fyﬁ A0S0 E'let Mot Stm flows bfr desehtr skg.rh} 59T
HP1 feedwater flows (t/h} Z05.04 194 71 Spray Flowe for Eiect mot stm (kgs/h) 173 169,19
HPZ feedhwwater flowe (t'h) 205 45 202 52 | Spray Flows for turb Gind SS (kgfh) 39 0. 55
E'|E=r_':t|Jr Motvee Steam Flosw (I{Erh} S7F0 i;s?u- HPF steam flows at turkzines inlet SI{EEE 4EI-EI-IT-"EII4 EE:E
Turbrine Gland Sealing Stm (kgeh b 230 230 LP =team flowe at turbine inlet Ckgdh b O3 S92 as
HPE Steam Enthalbar Cklikgl A58 & Conden=sate flows at outlet (kgdfhl) S03 6565
Ejet Mot Stm EnthalborCklkgl Ze20 . S (Z2O55. .52 Field current (£ 10,55
HP Steam Press (ar al 0.1 m— Field wvwoltage ("} Z2Z23.26
HP Steam Temp (C) 528 9 g Generator terminal output (WMWY} 140 75
Turk Sind Stm Enthalbow Ckeldfkgk 3001 .5 2 EREE Excitation Poweer (W 147
Serax Enth alﬁ SI{.J.ﬂ-cg} F1o.7F Gross output (WY 140 G4
HPFP1 Superheater = pray flows (kgi/h) oo Sross Heat Rate (kJ/kEWVh 11,3052
HPZ Superheater spray flowse (kgdh ) o.o00
MakeuE weater ﬂEw U{Erh} o 00
Pressure | Tempreature
AEPP | Enthalby | Flows
TS5 ] 531.34
3476 37 376,302 =L | 5=.=20
2513 75 472,752
13 7FF KW *
S50.45 H= L= Ber L
: ] s=.20
130 .29 MWW
ouq s |laFrz vsa

1.01353 co=

fiir-——ag]

5. 18 | == a3
Zon4 50 |os, 451
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How we benefit from Pl System

House load “Aux Consumption “ Monitoring

Major Power Consumers Plant Aux Power Consumption : 7.173 Mw
CEP's consumption 525 kW | 7.32 o4
BFP's consumption 2174kw | 30.31 %
CPH's consumption | 134 kw | 1.87 % W
CCWP's consump 207 kw | 2.89 94
ACC consumption 2875 kw | 40.08 % l—d[ﬂb-/\/]
Normal Lighting 58 KW | 0.80 % 50.50 kWh saving Equal 1 point HR improvement
Essential Load 46 kW | 0.65 %
HVAC Power 398 kW | 5.55 % MW MVAR
GT1 AUX Power 308 kW [ 555 % GT1 120 7
GT2 AUX Power 372 kW | 5.19% GT2 125 9
Air compressors 30 kw 0.42 % STG 132 26
DMWTP power 44 kW 0.61 % PCC-1 Power - 775 kW
WWTP power 17 kW | 0.23%
400KV SS supply >4 KW | 0340 ||ooC2Power : 2oi A
HRSG 1&2 MCC 34 KW | 0.47 % PCC-3 Power : 002 kw
ST MCC 39 kW | 0.549% |[|PCC4 Power: 1332 kw
CCCW Eans 254 kw | 3.54% PCC-5 Power : 1041 kW
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COAES

Minimize Your Heat Rate

and

e ——————

drive

down
— costs

i m e

A 1% improvement in heat rate can save up to $500,000 in fuel costs!’

fuel

' based on NG operation at 75% Capacity Factor annually
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How we benefit from Pl System

IPP1- Plant Technlcal and Financial Performance

Performance Data

::if ......... e o GT 1 .. NOXx : e

i ‘AES o 545_07 degC NGCC a: 22 55 ppm GT 2 - ‘NOx ey IPIant gross NG HR 8112 29 kJ/kWh

AES Jordan PSC e el - e
3

Amman East Power Plant Exported Energy 365.00 MW

Generated Energy 372 .00 MWh
Houseload 7.26 MWh
Houseload 1.82 %
Effciency Exp. 43.58 %
NG _NCF_ PPA 102.07 %
NG _NCF_ISO 78.65 %
|NG Extra Energy 7.63 MWh
NG Fuel Charge 101.42 UsSD
1 point HR equal 40.87 kKW

: - AN : - Total Gen. Energy  9392.97 MWh
7.82 R o - ol ; bl 2 Total Exp. Energy  9209.01 MWh
119.59 MVV PN - T e S : - “24| Total Houseload 183.96  MWh

; =26 23 MVAR 5
3019.92 RPM e 150 28 MW | Total Fuel Gas 3165 .86 Gl

5.53 MVAR
115.33 MWE
3020.20 RPM
Temp 38.10 degC
Humidity 13.71 %

ore 0.91 b
" F_,réés - = 3020.55 rpm e i g0~ . | NCF iSO 8252 %
S S L g8 | Average Plant HR 826623 kJ/kWh
Plant HR Trend | CCGT Tanks [I Plant Load Trend ﬂ Plant Overview m ACC FansHAES Jordan]l STG |I BAHR 8103.38 kJ/kWh
7 NG Fuel Charge 321192 UsD
Generator || Transformers || Motors m Power Consumption || GTs Overviewﬂ | BOP ﬂ Effciency Exp. 43.56 Y%
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How we benefit from the Pl System

IPP4- Plant Technical and Financial Performance

Performance Data

Total Generated 247.34 MW
Total Exported 24373 MW
Housload 3.64 MW
Housload % 1.58 %
Plant Corr. load 24431 MW
Plant Gur. load 241.153 MW
Plant NG Gross HR  7892.80 kJ/KWh
Plant NG net HR 8004.51 kJ/KWh
Plant NG GHR 8237.00 kJ/KWh
No. of Run Engines 16.00
imported Power -0.02 MW
Import when plant run  _g 02 MW
1 point HR egual 32.45 kw
Correction factor 1.02143
VOMC 3302.4 USD
NG FC -1.0125 273.047 USD
LFO Charge -139.88 USD

‘ AES AES Levant Holding BV Jordan o 15 00%

e e (e sy : Press 91474 hPa

Total Generated 2440.58 MwWh
Total Exported 2397.16 MWh
Housload 43.80 MWh
| = . e Y T | e - Imported Power -7.61 MWh
Gas System || Tanks Farm " AES Jordan “ Engine MW ]| Engine RH I HFO I Import when plant run -2.838 MWh
T - - - - " Gas flow 517407.60 sm3
DG#01] DG#02|DG#03| DG#04 | DG#05 | DG#06 | DG#07|DG#08| NCFE 2140 9%
DG#09| DG#10{DG#11| DG#12§ DG#13 || DG#14 | DG#15| DG#16/ VOMC 32,457 USD
. » NG FC -1.0125 337885 uyusD
LFO Charge -771.07 USD

@OSlsoft- EMEA USERS CONFERENCE -+ BERLIN, GERMANY © Copyright 2016 OSlsoft, LLC



How we benefit from Pl System

Engines hours
Engines Running Hours Levant Fower Fia]

= G2 3 G G5 le s Le =8 G9 S0 =11 G112 E13 S14 G115 16
15000 15000 | 15000 || 1S000 )| 15000 15000 || 15000 15000 15000 15000 || 15000 15000 15000 | 15000 || 15000 (| 15000

F1Z2000|F12000 1200012000 (12000 12000 (12000 (12000 12000 (12000 [ 12000 | 12000 |F12000 12000 12000 (F12000
F10000 |F10000 10000 (10000 (10000 10000 (10000 (10000 10000 R10000 || 10000 10000 |F10000 10000 |F10000 (F 10000
8000 |tg000 |-8000 (8000 |fS000 pFE000 8000 |[-2000 FE000 000 s000 |f8000 [S000 pSO000 |F2000 |F2S000
5000 |FG000 |-5000 |[S5000 |fSO000 pSO00 [FS000 [-5000 FS000 5000 [-S5000 |fE000 FE000 pFSO00  |[FES000  (FE000
4000  |f4000 |-4000 |f4000 (4000 4000 [F4000 |[-4000 F4000 F4000 4000 |f4000 F4000 4000 (4000 (F4000
2000 |f2000 |-2000 2000 2000 2000 (2000 [-2000 2000 2000 2000 (2000 2000 2000 (2000 (2000

o Lo o o Lo o Lo o o Lo o o Lo o Lo o
9353 9164 B810019 J oo02l 8824 (9601 N 975408 8316 8201 [ 8457 916508 7776 7431 [l 7319
G4 S5 Lete S8 ey | G3 513 52 6 S12 L S0 S11 S14 S15 G116

AS000| 15000 | 15000 | 1S000 || 15000 || 15000 || 15000 | 15000 | 15000 || 15000 (| 1S000( 1S000 || 15000 | 15000 || 15000 | 15000

FA12000 (12000 | 12000 (F12000 |F12000 (F12000 (12000 |F 12000 (F12000 (12000 | 1200012000 12000 (12000 12000 12000

F10000 1000010000 (F10000 |F10000 F10000 (F10000 (F10000 (10000 10000 || 10000 |F 10000 |F10000 Fq4o0000 |F10000 |F10000

Fgo000  |feo00 -8000 |FSO000 FS000 (FE000 |(FSO000 |(FE000 (FS000 8000 -S000 |FS000 |FSO000 2000 |(FS000 |(F2000
FG000 |Fe000  -8000 |FS0O00 |fe000 |FE000 |fS000 |FEe000 (FE000  FE000  -5000 |FE000 |FE000 |Fe000 |[FE000  |FE000
F4000 (4000 -4000 |F4000 F4000 F4000 |(F4000 |(F4000 (4000 4000 -4000 |F4000 F4000 F4000 |(F4000  |F4000

F2000 (F2000 -2000 [F2000 [F2000 |(F2000 (2000 |F2000 (FZ000 @ F2000 9 -2000 |F2000 |[FZ2000 (2000 |(F2000 (2000
o o o o o

0 0 0 0 0 0 0 0 L8] ]
0D E O D S O OE EE B2 B 22m (BG E md 23 B0
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Technical problems solved by the Pl System

Reduced Plant forced derating during winter

« IPP1 as per PPA has to deliver 370 MW corrected to
ambient condition when plant on baseload.

« In winter, the plant fails to achieve that. Since no online
monitoring for plant capacity our operator did not notice.

* Inlet Guide Vane (IGV) was not 100% Open

« EFOF was 0.7% with 243 MW deration during month of
Jan
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Technical problems solved by Pl System
Before Modification
C9nes

AES Jordan PSC
Amman East Power Plant

L p -

4.19 MVAR 7.
143.59 MW
50.07 Hz

«l

21.39 MVAR; ' '3‘

1 ;5‘ 4 A |||A‘.‘
139 .14 MW

60.24.‘
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Technical problems solved by the Pl System

Transformer Monitoring

GT1 Main transformer

Transformer can be loaded 163.52 MVA
GT1 Transformer actual load 117.22 MVA —
(s b |
GT2 Transformer actual load 121.20 MvA 117 MVA
AmbiTemp: 35.68 degC
HNOW TR capacity: 164 MVA
= 228 &
235 1.5
=T
215 =
205 = L- |
RSy 129.7
{Mmva)  tes —|
4175 = T4.6
165 = 155.6 TR Load
= 128 121 MVA
145 =
135 =
s I T T 1 1

| I
5 10 15 20 25 30 35 40 45 50

Ambient degC

I
40 5 o

3T Transformer Sizing Vs Ambient Temp

169 A 396 KV
I 15.4 KV 4504 A
L 393KV 15.4 KV 4615 A
i7z4 394 KV 15.4 KV 4495 A
GT base load
HV-WT: B84 degC
LV-WT: 84 degC
0il Temp: 9 degC
OLTC Tap#: 12 NO
GT2 Main transformer
178 A 396 KV
I 15.4 KV 4690 A
LA 295 KV 15.3 KV 4791 A
ULl SN 15.4 KV 4715 A
GT base load HV-WT: 90 degC
LV-WT: B6& degC
Oil Temp: &6 degC
OLTC Tap#: 11 NO

© Copyright 2016 OSlsoft, LLC
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Technical problems solved by Pl System
After Modification

-H et entrpy

AES Jordan PSC
Amman East Power Plant

'

A\

" TRERE

0
-

-l ™
2702.0'VAR

‘

—y ey
X i )
» Q!
a - dod 3
- e As
U . ’

5003

Temp 920 degC
Humidity 7253 % 2310MVAR '-'.#;
Press 0.93 bar 1 Q

5°‘°
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Pl System Benefits

| mefore | At |
I 6 Febts 11-Feb-16 Improvement 60 $/hr saving

Ambient temp C 9.04 9.2 For 3 months the saving will be
Ambient humidity % 72.05 73.53 8hrs/day x 60%/hrs x 90 days
Plant Corr Load MW 376.26 383.49 7.23 $43’200 USD.

GT1 Gross MW 146.87 150.42 3.55
GT2 Gross MW 147.08 150.13 3.05
ST Gross MW 139.14 141.92 2.78
Total Gross MW 433 442 9
Total Net MW 428.17 436.43 8.26
Heat Rate kJ/kWh 8142.53 8098.43 -44.1
GT1IGV open % 89.84 99.77 9.93
GT2IGV open % 87.12 97.02 9.9

VOMC (USD/hr 55.66 56.74 1.07
Fuel Charge (USD/hr 294.57 353.75 59.19
Water Charge (USD/hr 19.30 19.67 0.37
Total (USD/hr 369.53 430.16 60.63

Q) osiot. EMEA USERS CONFERENCE + BERLIN, GERMANY © Copyright 2015 OSisf, LLC



Pl System Benefits

7 N
Certificate N. JO16/60323 ,Ml[/’% @ ﬁ\l\\\\\
WD)

The Energy management system of

AES Jordan PSC- Amman East
Power Plant

Al - Madhonna Street — Al - Manakher Village P.O. Box 3099 Amman 11181
Jordan

has been assessed and certified as meeting the requirements of

1SO 50001:2011

For the following activities: Certificate GB16/871485
Electrical Power Generation

The management system of

AES Jordan PSC

Al Madhonna St.,
Al Manakher Village, P.O. Box: 3099, Amman, 11181, Jordan

has been assessed and certfied as meeting the requirements of

ISO 55001:2014
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Pl System is our strength

€9 AEs

AES Jordan PSC we are the energy
Amman East Power Plant

Anas Diab
8" March 2016

7 Our Strengths
1SO 50001

ENERGY MANAGEMENT # 1- Using SAP for Predictive ,Corrective and Preventive Maintenance
| ® 2- PI system —from OSlsoft- Performance software |
® 3- APEX- AES Performance Excellence Program

SAP4

® 4- Familiar with ISO certificates ?
® 5- Managernent commitments and enforcement QAPEX
wired lD win

| @@ osi-.

i Forward Looking Satements
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Embedded Benefits of the Pl System

« PI System is considered as backup for existing DCS
Historian

* PI System can be configured to be used as billing system
to issue monthly invoice
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What next?

« PI System installed recently in both plants- hence still we
need time to reach full optimization of Pl System our plan
for next year:

« Configuration of Asset Framework, Pl Coresight and
Notifications

« Monthly Statistics reports, KPI reporting
* Develop HSE Reports showing emissions
* Develop PEMS program for emission prediction
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Summary

COMPANY and GOAL

AES Jordan considered as one of the most reliable and (‘ AES
efficient power plants in the Kingdom of Jordan.

Pl System creates value to AES Jordan Business through
supporting AES to be an Energy Star company

CHALLENGE SOLUTION

we are the energy

RESULTS

A. House load reduction Implemented Pl system B :?eall time td?ta aI\D/ﬂIDabmty
. mplementation rocess
B. Data accessibility ) with powerful analysis ) Ao e plant
C. Online plant HR tools tect];mical and financial
’ . perrormance
D. DCS Back up Historian B. Real time data access C. Modnigoéing plant efficie(ggyK
o ' an improvemen
E. Billing system renewal C. Meor?étronr];zacl:r:an where uUsD/ Annupm)
F.  Availability of pany ek 2 (ECREEEyC
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Contact Information

Anas Diab

anas.diab@aes.com

Performance Manager
AES Jordan
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Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

Download the Conference App for
@ == OSlsoft EMEA Users Conference 2016

2 Download on the
[ App Store

* View the latest agenda and create your own
P> Google Play

* Meet and connect with other attendees "~ r—

search OSISOFT in the app store

http://ddut.ch/osisoft
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