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GMR Overview

S )
GAR
‘ Large & diversi’fied

infrastructure player

Creating Tomorrow, Today )
y

3 Airports” /

H \ *
s 2014 9 Highways

, .2 Special Investment Regions
11 Power Plants / 3 Projects
2 Coal Blocks
2 Power Transmission assets

GMR Group was
established in
June 1978

J

Gaining momentum
3 Airports
9 Highways*
8 Power Plants / 6 Projects
2 Coal Blocks
k 2 Power Transmission Projects J

Entry into
Infrastructure
200 MW IPP in Chennai *include Minority stake in 2
.
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Power Generation Capacity

Balanced Fuel Mix Optimal Revenue Mix . - Diversification in related
Portfolio of gas, coal & hydro Mix of merchant & PPA based CD;“;;:S in ﬁ::géﬁ;‘i:g India areas
projects Revenues Transmission & Power trading

N
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Hydro y
Rawgia Coal Minss 845
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LSHS y (1,370  Cioal)
Wemagi
388, 5V I Gas)
Transmission ) y e
EMED . (2200 | Gas)
Legsnds: (GO { Coal)
S e e
& Operalional Assets
Trading J @ Prajects Under Canstustian g Ward Progect
@ Projests Undar Development 11,2500
Coal : & Coal Mnas
Resources N i Transmission Projacts
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About GMR Fleet

OSlsoft Pl System

Plant Location Capacity Unit Size Automation
EMCO Energy Limited Warora 600 MW 2* 300 Implemented
GMR Kamalanga Energy Limited Kamalanga 1050 MW 3* 350 In Progress
GMR Chhattisgarh Energy Limited Chhattisgarh 1370 MW 2* 685 In Progress
GMR Power Corporation Limited Chennai 200 MW 4* 50 Implemented
GMR Energy Limited Kakinada 240 MW 46.5*4+53.5 Implemented
GMR Vemagiri Power Generation Limited Vemagiri 388 MW 155 * 1 + 233 Implemented
GMR Rajahmundry Energy Limited Rajahmundry 768 MW 239* 6 + 144.2 Implemented
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Snapshot of IT landscape..

+ Logistics, Plant Maintenance,
Predictive monitoring, Compliance

*+ GRC Implementation
*+ RASCI and DOP

*  Project Mgmt.

Coal
+ Knowledge Asset
Management Portal

Hydro Collaboration
+ gNet Portal Proiect platform, Eng.
rojec Document

SAP
&

Mgmt. System

+  Contract MS +  Sale order,
Management Power invoice

« Compliance Tradng processing
Management

* Recruitment &
Onboarding

+ Learning

« Performance cycle

Procur
ement
* Material/Vendor Master

data management

*  Mining solution
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Business requirements

Proposed Solution should leverage existing systems in use like SAP
Material Management, Plant Maintenance, Business Planning and
Microsoft SharePoint

Solution should Integrate all KPIs and Metrics into a Single Report
called Daily Plant Performance Report (DPPR) which is standardized
across the Enterprise

Report should have daily comparison of Plan vs Actual figures

Plan Figures to be broken down from Annual Operating Plan (AOP)
approved by Top Management at start of Financial Year

Top-Most Management(CXO level) to have Real-time rolling displays of
Top 4 KPIs (Generation, APC, Specific Coal Consumption and Heat
Rate)
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Key Requirements (Performance Monitoring)

Proposed Solution should standardize all Major Equipment
Calculations like

— Boiler Efficiency

— Turbine Efficiency

— Air Preheater Performance

— Condenser and Heater Performance

— Cooling Tower Performance

The solution must calculate Design value at current load condition
based on curves provided by Boiler/Turbine OEM

Solution must calculate deviation between Design and Actual and
provide variance figures

The calculations must be standardized into templates which can
facilitate easy roll out to newer sites
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Technological Challenges

Disparate data sources isolated from each other

— Annual Operating Plan data from SAP BPC

— Energy Export data from Energy Meters

— Coal Consumption and Process Parameters from DCS

To avoid Manual entry as much as possible, report should get
generated Automatically

To Ensure data reliability so that calculation results are accurate
and trustworthy



Architecture Diagram

Raw Data from Plant  Energy Exported to Grid ABT System Plan Figures
e : od$ Business

SAP BusinessObjects

Consolidation

Planning

Pl OPC Interface Pl PSA

Pl Server,
PIACE, AlE
AF, PI
ABA P-I ) MICI'OSOft

SharePomt 2010

Executive Dashboards-iPad Pl ProcessBook Operational Dashboards
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Fleet Overview

G2ALR ENERGY FLEET OVERVIEW

Creating tomorraw (oday

Assets Generation (MW)| PLF (%) | APC (%) | Frequency (Hz)
THERMAL

EMCO

Unit -1 231.65 77.36 9.18 49,91

Unit -2 231.57 77.35 8.39 49.93

GAS & LIQUID

GPCL
Unit-1 -0.04 43.67
Unit-2

0.02 28.74 = g5 43.41
Unit-3 -0.07 43.43
Unit-4 40.16 49.91
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Plant Overview

GAR EMCO HIGHLIGHTS
GENERATION PARAMETERS UNIT-I UNIT-2
GENERATION(MU's) 5.61 5.56
GENERATION(MW) 233.89 231.57
HEAT RATE(Kcal /Kwh) 2337.64 2341.14
SP. COAL CONSUMPTION (gm/kwh) 504.69 538.53
APC (%) 8.90 8.18
ENVIRONMENT PARAMETERS
TPM (< 50)mg/Nm3 22.99 43.20
SOX (< 46)mg/Nm3 18.25 23.74
NOX (= 150)mg/Nm3 69.76 50.80
a0.25 280 ;0513{3.82 50,25 255 ;'iﬂi:f.ﬂ
i 1 R AL
4:@).?5 190 w u Ir ' I = 49.75 225 r‘ _
8:00 11:00 15:00 8:00 11:00 1500

[
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EMCO ENERGY LTD. UNIT-1

Unit Overview

OVERVIEW

168.1 bar

-lg mm

Exonomizr

248 bar 5336 C

162 3bar 54390
0.7MPa 35620

T2ETTPH

GEMERATOR 1 ‘

2B Sbar 32780

Generation
Freq.
Generation MYVAR
Coal Flow
Turbine Speed
FG Oxygen

FG temp- LHS
FG temp- RHS
Total &ir flow
Feed water flow
M5 Flow

Condenser vacuum

10 bar 41 C

LPH-1 LPH-2
=235.8 i
a4 mm

&7 bar
AELE- I

8§72 mm

©

EFP-C ‘

EFP-B

4.7 bar
2130

P

[ set a

EFP-

264 4 o.o.| 350 4

165.5 bar
FEER .

U P-E

14 0 . e
COOLING TOWER
i PC

AEER-IY

W FOREBAY

.. N

LPH-4 LPH-3
4 mm o 1527 mm

—I-I—I-I—I-IJ

HPH-E HPFH- HFH-§
-i4F mm 48 mm <3 mm

To Unit-2

CnP-0 @
B ——

02 on




KPI dashboard

GALR UNIT-1 PERFORMANCE TREND
Generation PLF APC
S -« 6.7940 6.8/~ 618 || 94 | A+ 9.0000
6.3 | LY ALY I
6.5 |+ 5.391 > 4.904 84 ] VYV 5 9.021
6 MU 58 A
5 = 5.3 A 74 ¥
11724114 12/15/14 48 Y 11724114 1215114
@ ACTUAL
Heat Rate @ AOP Power Sales
2360/ . 2330.0 13 . 12134
2350 | |-10199
- 2337.637 10 l:— . 1.935
2340H Keal/Kwh 8 » 12,134
2330 t [ A | - 10.199
\ I 2 1.9352
2320 q
2310 .
2300 0 A
11724714 12/15/14 11724114 1211714 12115114
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Boiler Overview C/R

3.43 MPa
555.93 Deg <
16.99 MPa
Ta Turbine 53594 Dea C BOILER LOSSES
17.25 mm
Reheater Parameter kA Design Val. Actual Val. | Varience
EH
Loss Due to Dry Flue Gas % 4.23 4.71 -0.48
473 Deg 49% .41 Deg
Total Air Flow R . R
1032.70 TPH Loss Due to Moisture in Air % 0.16 0.15 0.01
Taotal Coal Flow
130,792 s . Loss Due to Hydrogen In Fuel % 4.21 4.90 -0.69
[ _ —i
Loss Due to Moisture in Fuel % 1.10 2.25 -1.15
2.58 % 311 %
!‘ \- Loss Due to Unburnt Carbon % 0.50 0.38 012
Bottarm fsh Hopper I l
378 A
D Fans  ESPA _ b S 155.03fg © Loss Due to Sensible o 0.06 0.10 0.04
4—-— heat of bottom Ash ’ ) )
96544 TPH
. 18 69 MPa % 88.81 86.92 1.89
[ 27975 MPa
“_. ¥ Feedwater 03 Input Parameters
EZPF-B
10 Fan-B

| Boiler | Condenser Air Preheater 11-10-2014 16:24:06




AF Template for Boiler Efficiency

CoalFiredBoiler

| General | attribute Templates | Ports | Analysis Templates

| Y Mame: BoilerEfficiency
=] Mame Drescription:
Analysis Templa... f |
f&0 —— o Categories: -
fisa BoilerEfficiency L J
Anabysis Type: Expression ) Rollup () Ewent Frame Generation

Example Element: JSWM\Ratnagiri (4x200 MWHUnitdBoiler

Evaluate| [ Fundtions

Mame Expression Value Output Attribute Insert functions into the expression
u { "AshInFuelContent'/1868* (@.9% Unburn|0.000237858| CarbonlnAshPerKGCoal |® - Steam
("AshInFuelContent /18@* (©.9* 'UnburntCarbonInFlyAsh’' + 8.1 * 'UnburntCarboninBedash'))/f Steam_HPT
(1e@-(@.9* "UnburntCarboninFlyfsh" + 8.1 * 'Unbur“htCar‘boninEedAsh'j)| Steam_HPTL

- Steam_HPX

Steam_Hsatl
»| Steam_HsatT

Trai ({("TotalAirFlow'-( 'SecAirFlowPassA"+| 37.069 |Clickto map > Steam_PsatT
Steam_SPH

Tgo { (" FuelGasTempaAPHAoutlet® + "FuelGasT 161.82 Click to map ® Steam_HsatT mmmber T)

Sw (1.88%((( FuelGasTempAPHacutlet® + 'F| 25485 |Click tomap [e%3] &aﬂﬁeﬁftﬁigﬁiﬁg Eﬂﬁfg&lﬁ?&gﬂé‘ﬁ; =
arguments and returned values are in S| units. You can

Wd ({ "CarbonContent”+ 'SulphurContent"/2.€| 0531307 |Click to map ® chgangethe units of measure, for example, by using the
L e e ]

<k WA # 2 & F FTerm_Teaod 1058 A lirk #m maan A~
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Plant Performance Report

GAR EMCO ENERGY LIMITED - 2X 300 MW TPP, WARORA

[ R ER I TH o T v

EMCO/IMS/DPPR/16/16.1 DATE 24-Apr-15
DAILY MONTHLY YEAR TO DATE
PARTICULARS uoM UNIT-1 UNIT-2 STATION STATION STATION
aor | actuar || Ao | ActuaL | aop  |lactuaL | aAop | actuaL || aop || acTuaL
Generation Mu's 6.41 5.36 6.41 5.10 12.82 10.46 307.71 251.75 307.71 || 251.75
Generation - Avg MW 267.1 223.3 267.1 212.6 534.2 435.9 534.2 437.1 534.2 437.1
Plant Load Factor % 89.0 74.4 89.0 70.9 89.0 73.4 82.0 72.9 £9.0 72.9
Availability - Machine o 29.3 100.0 29.3 100.0 92,3 99.6 99,3 98.8 Q9.3 98.8
Plant Availability Factor Ya - ) - - gg.o  [fF73.2 $ao.1 73.0 b E9.1 73.0
APC % 8.50 9.41 8.50 0.44 8.50 9.49 8.50 9.40 8.50 9.40
APC Mu's || o0.54 0.50 0.54 0.48 1.09 0.99 26.16 | 23.67 26.16 23.67
Heat Rate - 19-4pr-2015  [kesown [12,330.0 |2,342.0 || 2,330.0 | 2,338.9 | 2,330.0 [|2,340.4 | 2,330.0 |2,223.7 || 2,330.0 | 2,223.7
Export Mu's 5.87 4.85 5.87 4.62 11.73 9.47 281.56 228.08 281.56 228.08
Impart Mu's 0.00 0.00 0.00 0.04 0.00 0.04
Sales Plan(Schedule/actual)  Mu's 2.54 9.47 [r228.29 | 228.08 gr228.20 || 228.08
Sales-Total @ Bus bar Mu's - - - - 11,73 0,47 281.56 | 228.08 || 281.56 | 228.08
Sales-PPA Mu's 10.30 9.47 247.10 | 226.45 || 247.10 || 226.45
Sales(Bilaterals+Exchange)| Mu's 1.41 0.00 33.75 1.63 33.75 1.62
Specific Coal Consumption | em/kwh|l 585.4 549.5 585.4 620.8 585.4 (I-584.2 585.4 632.0 585.4 632.0
Specific Ol Consumption | mukwn || 0.50 0.00 0.50 0.01 050 [| 0.03 0.50 0.29 0.50 0.29
DM Water MakeUp b mydafl 730.1 | 553 730.1 96.3 1460.2 || 151.7 | 33584 | 5580 | 33584 | 5589
DM Water MakeUp % 3.00 0.22 3.00 0.39 3.00 || 033 0.00 |&0.47 0.00 0.47
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CAR
Heat rate : 2395.87 Kcal fKwh

PLANT PERFORMANCE

KPL AoP ACTUALS |
PLF %% 47.80
APC %% 9.895

Mo of Trips 0.00 @ o.00 |
Gross Heat Rate (Kcal/Kwh 2,395.8?i
Power Generation (MU) 0.00 @ 205.51

I Click for the detailed lewvel

APC: 9.95 %0

i

Bl Dashboard

ASSET PERFORMANCE - EMCO

Availability : 100 %

AL INVENTORY

Storage Location Stock Available [Tonnes)

Emco Energy Ltd (FBH1) o

Click for the detailed lewvel

Customer Outstanding : 52 Cr

vendor Outst

POWER SALES Vs TARIFF

Mode of Sale

EBilateral 1
Exchange 13

Sales Vol (MU) Sales Price (INRSKWH)

Click for the detailed lewvel

_J

COST OF GENERATION

Type Outstanding Amount (In Cr}

-235

Wendors

or the Finance P& L

k for the ARSAP
GMR Copyright © - Confidential

Cost Types Plan Wal (In Cr} Actusls (In Cr)

-
[
[ J]

FZ 1
WC

: for the detailed lewel

Dept

ELEC

INST

MAHP
MEBLR
MBOP
MCHFP
MECH
MTUR

MAINTENANCE STATUS T

Motification Crbd Carry Ferd Pending Notifa

96 32 76
121 75 S5
49 X 18
48 51 62
S 24 37
70 125 181
o] o}
27 16 26

or the detailed level
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Bl Dashboard GAR

CM EMCO Station Data

Select a KPI As On Date
Monthly KPI - Plan Vs Actual
Availability Availability

120.000

100.000

= 80.000 M FPlan
I Actual
&0.000
{ 40.000
20.000
0.000 . - . » - . = - .
JuL AUG sep ocr NOV DEC AN FEB MAR APR MAY Jun

zo|
Variance

M Alarming (2 On Par
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Mobility - On-the-fly Reporting

@ E!hgg;;m(ﬂ it D| | | I 0 | Generation Display W 'W

Scheduled Gen Actual Gen ! Ul- GENERATION U2-GENERATION U1-HEAT RATE 0 Kcal/Kwh U2-HEAT RATE 2,300.459 Kcal/Kwh
“‘mmml 0 10 20 30 40 S50 60 70 80 100 0 10 20 30 40 50 60 70 80 100
U2-PLF 85.519 % Ul-AUX POWER CONS U2-AUX POWER CONS 8.000 % Dom. Coal Stock Imported Coal Stock
32,826.285 MT 33.612.742 MT
45,000 45,000
30,000 30,000
20,000 20,000
10,000 10,000
o o
® 20MW-SEL © 20MKAO1CE401
¥ 29546 MW 49.836 Hz
320 50.3
300
280

200

180 49.6
7/31/2014 11:41:40 AM

[an] BE (4] |

7/31/2014 7:41:40 PM

[ & Now | 8/8/2014 4:38:00 AM

8/7/2014 8:38:00 PM

09
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Mobility - On-the-fly Reporting

THIGTHl & 10:4¢ TG THIGTul & 104 THGTul

Date = 2014-11-25 U1 Daily Report U2 Daily Report Date =2014-11-25
U1 Power Generation U1 Coal Consumption-BAR Chart
Date = 2014-11-25 Date = 2014-11-25 200

[IL_"\,'-J:f:— Tag Value U I Tag
IACT |APC in % 7.57 % APC Actual
AOP |APC in % 9.00 % APC in Mu 00
IACT |APC in Mu 0.54 Mu GENERATION
AQP |APC in Mu 0.58  [Mu Heat Rate kcal/Kwh N

aop ACT |Heat Rate 2304.06|kcal/kwh PLF Per TE 400

Value: 6.45 53% I/AOP [Heat Rate 2330.00|kcal/kwh Specific Coal Consumption| gm/lawh

47.5% ACT |PLF (Plant Load Factor)|93.00 |[%
AOP |PLF (Plant Load Factor)[89.57 |% 200
ACT |Power Generation 7.13 Mu
AOP |Power Generation 6.45 Mu
ACT |Sp Coal Consumption [475.49 |gm/kwh 0
/AOP |Sp Coal Consumption |613.16 |gm/kwh o

acT [ AoP
ACT I AOP

Gare Report j
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Next Step - Predictive Analytics using Predict-IT

« Monitoring - Recent advances in modelling algorithms have made it possible
to track trends in process variables on a continuous basis and compare them to
the “standard” for the operation.

» Detection - Its primary function is to receive measured readings from
instruments and use an advanced pattern recognition engine to determine if the
readings are valid.

* Analysis - Itis highly intuitive, and it's easy to use model developer allows for
quick deployment of process models.

It's advanced pattern recognition engine uses the well-known nearest neighbour
algorithm and is specifically adapted to the task of fault identification.

* Prevention- Predict-It provides the following.
— Early warning/Fault detection
— Advanced pattern recognition
— Proactive plant management
— Reduce unexpected outages; increase availability
— OSilsoft PI System compatibility
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Next Step - Predictive Analytics using Predict-IT

T
Actual
Predict-it Est H
Lin. Regress Est

A
Actual Signal

Predictlt Estimate

ﬁﬂ,‘w-—__

1 1
500 900 1000

T I
Actual

Predict-it Est

Lin. Regress Est
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Conclusion

Business Benefits

* Proactive information on generation to Power Trading team

« Coal sourcing decision making about consumption & inventory
* Pl is the Single source of Truth

» Operational Benefits
« SMS and Email Notifications for early resolution of issues
« Operational Dashboards to identify and resolve issues
« Automated Operational Reporting at different levels

» Decision making
» Business Intelligence and operational dash boards
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Questions

Please wait for the microphone
before asking your questions

State your
name & company
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