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Background

— The use of key performance indicators (KPI) has
become a recognised practice in measuring
performance

— The cargo owners and legislation bodies are
Increasingly focusing on documented proactive
operation

« Efficiency
* Environmentally
o Safety

— Aggregated performance models of ships need to
be made by transparent and consistent assessments
of their technical condition



TCI definition

The TCI, the Technical Condition Index, is defined as follows:
 The Technical Condition Index, denoted TClI, is defined as the degree of
degradation relative to the design condition.

« The TCI can apply to equipment, a system, a whole ship or a fleet of ships. It
may take values between a minimum and a maximum value, where the
maximum value describes the design condition [e.g. sea trial condition],
TCI=100, and the minimum value describes the state of total degradation,

TCI=0.
» The state of total degradation is the condition so unsatisfactory that the
equipment, system or ship is prevented from carrying out its primary function.

It is important to distinguish between the TCI and the KPI. The KPI are
financial and non-financial metrics used to help an organization define
and measure progress toward organizational goals [6]. In some
Instances the KPIl and TCI can be the same thing, i.e. if one uses
fuels cost as a KPI, this will be the same as the TCI fuel consumption.



Ship registrations — decision support
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TCI Specification

AE Performance model

i Lagship

TCI Specification
Auxiliary Engine
Performance model

(Preliminary report)

Flagship SP A2 - Example ship
Date: 2008-1204
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Index function
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TCI Specification
AE Performance model

M10. Pscav Receiver

Ideal performance

n

D" BHP(i)
BHPM_meas == n
Engine load 50 75 100 [%]
Scav_air_press 0.78 1.45 2.12 [bar]
BHP 119.0 178.3 237.7 [BHP]
Power 87.5 131.2 174.8 [kW]

Reference value: s o b
1.45 cavenging air pressure [bar]
2.50
e
2 2.00 —
o /
2 1.50
T /
> 1.00
§ /
0.50 : : : :
80.0 100.0 120.0 140.0 160.0 180.0
Power [kW]
Calculated value:
_ Pscav, - Pscay,
Pscav K_scav = 0.0153

Power, — Power,

PSCaV,,, = PSCaV,, + Kpg,, (POWer,, — Power,, ..)+ (T

corr

—25)-0,002856 - Pscav

Eng _room _meas meas



Hierarchy Edit
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Example

FLEET PERFORMANCE

* A holistic view that assesses units
* Efficiency
» Degradation
» Balance

{Balance - comparing units expected to have
equal performance}

* A holistic view that assesses
» Several Fleets (A, B, C, D,..)
« with Ships (A1, A2,..,B1,.))



E Explorer g@@|

Hierarchy Edit

Degradation Balanc

Fleet performance Efficiency
Status [Jw []a [JCount []Type
= v | Flagship 50 AZ v
= o | Flect i

-4 | A.1 - Stena Alexita [Teckay ship)

& Gl >

= & | Auxiiary Ergines
—v"‘ | Acexilizre sngine

01y 1 s P 2
LI (= i

- ¢ | ThrusFers
+- v | Ship a2
- ¢ | shipa.3

= W | Flect B

= ¥ | Ship 8.1

- v | Ship .2

|Expanded Auxiliary engine no, 2 H:‘

PR, ]

Arnotation Inspeckar | TCL Inspectar | UF Inspector

Fallow Selection

Date TCI
1997-09-02 100.0 |

Auxiliary engine no, 2 H:‘

Example

SELECTING CATEGORY of PERFORMANCE
» Reducing holistic view of fleets to e.g.

* Efficiency

Stakeholders interests defines

 Selection of what to be presented, e.g.
* Efficiency
* SFOC (Specific Fuel Oil Consumption)
« Speed / Fuel oil Consumption

* New data/ assessments {SP Al, SP B17?}



Implementation Procedure

*Develop forms \

eInput ship static data |
*Send forms to ship
/ eInstall forms
*Input measure data

*Validate |
i Lagship *Send xml data /

*Use emall *Receive xml/email
*Validate

*Store data
*Analyze

*Produce report
*Send report to ship

*Receive report

Do maintenance
Lagship




ME Registrations (Trial/ Ideal)

Main Engine Performance Registration

=

Static informat

Report Date

Report name
Vessel name
IMO code ME_|I
Measurement fr

No of main eng

Engine ID
Maker

Type

Serial No.

Max power [kWw
Max Revolution
Fuel valve oper.

Exhaust valve o

Main Engine Performance Registration

Ship speed med
Masters name

Start time
Latitude
Longitude

Stop time
Latitude
Longitude
Wind dir. [obs. A
Wind force [Knd

Main Engine measure values

Chiaf Enginaars nama
Total running hours
Starttime

Staptine

Engine noom temp [C]
Turbowhanger ID
Rovolutions [rpm]

Airinkt [C]

Air filtar prossure drop [(mmWwC]
Exhaust inket temperatur: [C]
Exhaust outlat temparatura [C]

Cylindar ID

Comprossion prossura [bar]

Miax pressurz [ bar]

Maan indicated pressura [bar]
Exhaust tem perature (C]

Fue | pump index
Engine Ravolutions
VIT Indax

Fuel andenergy efficiency

Bun kering date
Supplier

Bunkering pant
Heat valua [11)og]

Density at 15 < [ko/m2]
Viscasity at 50 ¢ [<St]

Inkt tom pat fual pump [C]

< hief

000000
01:0000

42,4

Scavanging receive temp [C] 38,9

Scavanging rec prass [baro] | 21

Exhaust receive press [bar0] !

Exh. gas Boomizer [mmWC]

100

Scavenginge airomober 1D |1

Lo Airinket[C] [303 |
FE Airouthet [C] o
55 Air prassuradrop [mmwc] 1781
4231 Water inlat [C] 28®
EEE Wateroutht [C] OO
I | X | N T .
1084 1094 1084 1084 1094 1084 109,4
1217 1217 1217 1217 1217 1217 1217
169 16,9 1659 169 169 1659 16,9
3532 3532 3532 3532 3532 3532 3532
634 52,4 634 634 524 634 63,4
177 zz 1177 177 zz 1177 177
L [k 2 E B 2 |z
Startreading  Stopreading
1993-03-24 Fuel flour metar time o000 010000
Suppliar Fual flow mater vodume ] 0 1741
port Fuel flow mater temp ] 8258 £2,8
4027 Shaft revelution counter time THLD I
97,7 Shaft toral revclution 0 TO62
10 Cyl oil flonr meter ime 000000 000000
1205 Cyl @il flaw meter va lume(l] o 1000

Inket prassure at fuel pumps [bar] ||

Ravolutions [rpm] nrz

Fual pumpsindax |54
Cdollcons [@/Kwh] 0000

Eff. poavar] k] &182
Yalidation

Ok
Comment

oy

Density at fhour mater [ko/m32] IE

Fuel consumption [m2rh] 1,740
Fual consumption [kgh] 162140
SFOC - 190 [g/kWh] 184,63
Comment

3000

Print

Submit by Email

Paga humber .2 | Qut of |2 |




Processing ME sea-trial data
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Analysis to Support Ship
for ME opt. (automated)

Analyses are based on following calculated values. Only values which need further attertion

i"mghi‘: Stena Alexita

Main engine - port (last registration on 2009-04-03)

Engine Performance

100

m
Ok
Attention

an
&
70
E0
a0
40 1 Action
a0

Index

20
10

1983 2000 2001 2002 2003 2004 2003
Tirme

2006

007 2005

= Main engine - port -@- Efficiency & Balance - Degradation

2009

nerformance

St Index Nanwe Index Vahe 1/2 year T rend
¥ Main engine - port 928 dawrn
— Efficiency 835 dorern
¥ Balawe 992 up
¥ Dezradation 958 dawrn

v ook

= Keep attention

X Foliow up required, see remarks

{alarm and alert state) are shown

Analvsis of "Efficiency’ is based on

Stiw  Index Name Index L2 year Corr. Raw Ref Unit Remark
Valwe Trend Value Valwe Value
X  srFoc (Powrer fm MIP) n2 doarn 17077 17077 18046 [gkWh] 11
X TempdropExh TC1 0n dearn 5171 780 13557 [C] [2]
X Indexh verage FPs &l .6 derarn 7187 BRAY 8336 [-] [5]

Status Index UZyear Corr. Raw Ref  Unit Remark
Vahe - Trend Vahe Vahe Vahe
=% Prowp Cyl3 M3 down 10187 1168 1094  [bard
X Prowp Cyls 757 dowm 10029 1151 1094  [bard [4]
' Pronp Cyls 857 - down 10224 1172 1094  [bar]
= Pronp Cy7? 826  down 1014 1163 1094  [bard

Remarks to Indices

[1]

SFOC oo low, possible canses:

(- Indicated cylinder pressumw ixvorrect (too highl, check MIP Calmilator TDC sething)
- Erors in readings/ mstruments for, power, rpm, density, heat valne or flow volime

- Check suidaline formain engine performarnce test

- Fuel flowr meter need calibration, chack date whenlast calibrated

[21

Exzhanst termperatire drvop TC too low, possihle cases:

- Heavy depasited exhanst tarhine

- Defect ternperatirs sensor

- Indicated cylinder pressures meornect (too high), resulting in inccerect power correction, check MIP
Caleulator TDC sethng

31

Lverage pamp index too high, possible canses:
-Degraded fiel pimps.
- Instmment or reading enor; MIF, FPL specific gravity or heat value.
- Lowr efficiency ofengine.

4]

C oanpress 1om pressue incylinder too low, possible canses:

- Scavenging pressure too losr

- Emoneous meamured scavenging pressare (too high), remliing in incomect powrer comection
- Emonecons cylinder mdication, check correlation with max o ylirder pie ssure [normal)

- Poce eylinder condition, check correlabon with max cvlisder pressure (too lowr)




AE Registrations (Trial/ Ideal)

Auxiliary Engine Performance Registration

Auxiliary Number

Roport_time

u

taker

Type

Sarial Number

Maepourar (kW]
Baore

St ke

Coolant

Noof cylindars

Fuelvalveaperation

[ [ [ [ (%] (=] (@] [F] [E10=]

Auxiliary Engine Performance Registration

Auxifiary measure values

Chief Engineers nama Mo ramea Scavenging receivetemp [C] 590 Fual pumps index |26 00
Total unning hours 200 Scavaenging e prass [barQ] | 193 Genemtor power  |1,410
Mean gen bad since lasttast [Kw] 1,500 Gen.shaft power  |1,458.75
Stant time 2:00:00 AR Engine powrar 1,469 66
Stop time 17:00:00 AR
Turbochamer ID 1 Scavengingeair ooolar ID 1 ceme
Revolutions [Rpm] 26,89 Airinlet [C]
Airinlat[C] 24.1 Airoutket [C]
Adr filter pressuredop [(mmWC] (720 Airpressuredmop [mmWwC] (108 MEXEERE
Exhaust in kst temperatura [C] 408 Watarinbat [C] 25.0
Exhaustoutkttemperatura [C] 292 Wateroutht [C]
Cylindar ID 1 2 | E] | |4 |5 ||5 T & | el
[Comprassion prassura [ bar] 990 990 990 990 990 990 990 9.0 99.0
Max pressure [bar] 129 129 129 129 129 129 129 129 129
fiean indicated pressure [bar] |z1.0 ||2m ' |2m 210 210 210 ' [21.0 | |21.0 '|21.a
Exhaust ta mparatu sz [C] 264 364 364 264 364 364 264 £t 364
Fual pumpindax 260 260 260 260 260 260 26.0 A0 260
Enaina RPW T20 720 720 T20 720 F20 TN 20 720
Fuel and energy efficiency
Bunkzring date 1997-09-02 Stant rading Stop eading
Supplier Mo suppliar Flow mater tima 2:00:00 AR | 111:00:00 AN | Density at fhor mater [ko/m2] (2474
Bunlering port Mo port Flow mater volume (1] 2,500 3,210 Fual consumption [m32/h] 3550
Heat value [ )ika] 427 Flow meter temp [c] 194 19.4 Fue: | consumption [karh] 20083
Densityat 15« [lmgfm 2] &S0 Energy production time Q00:00 A | 11:00:00 ARt | SFOC - 150 [gAAWh] 20263
Y isonsity at 50 ¢ [t ] 210 Enengy production [Kwh] 150,000 152,820 Comment
Inlat tem pat fual pump C] 254 Mo commernt
Inlat pressu e at fuel pumps [bar]
| Load Frirt [ subrmit by Erail |
Page Mumbar .2 . Out of |2 |
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Implement TCI results into
business processes

Stakeholders
Owners/ managers of ships
Manufacturers of equipment
Class
Shipyards

l Stakeholder’s Process

T

Beneficial use
(Interest)




Business process revision

» Business processes might be different
within similar businesses

» Stakeholders know best how TCI results fit
into their business processes

» Consequently, stakeholders identify/
describe/ illustrate/ exemplify how the results
fit into their organisations processes

Stakeholder’s Process

v




Thank you for your attention!



