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TWO TYPES - KPIs AND EPIs

INDEX TYPE APPLICATIONS

Corp KPI Org efficiency trend
External Benchmarking

Plant EPIs

* Product Cost Accounting
Economic dispatch
Planning

* Process Performance trend monitoring
Operations troubleshooting
Design Improvement

e Equipment Process control
Equipment troubleshooting
Targeted maintenance
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MULTI-TIER STRUCTURE — drilldown capability

Company
Bus Line 1 Bus Line 3 Bus Line 4

Sales & Mktg Corp Support

.:ﬁi Plant B Plant C ii&ii Plant E
Process 1 Process 2 Process 4 Process 5 Utilities

Reactors Fractionator Compressor Fired Heaters ;k
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OBJECTIVES OF PLANT EPIs

Operations optimization, incl. troubleshooting

Process Design Improvement

Benchmarking

— Historical (vs Base Year)

— Competitive (ie. vs peers)

— Comparative (ie. vs “standard”)

Economic dispatch among multiple plants

KEY REQUIREMENT = isolate the effect of feed rate, composition,
and ambient temperature from design and operating efficiency.
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DIFFERENT EPIs FOR DIFFERENT APPLICATIONS

Product | Process | Equipt

Management

X

Engineers

X L

Cperators

More than 1 Index per category, eg. for a gas plant

9
12
16
37
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Overall (3 per product)
Process Unit (2 or 3 per area)
Equipment (one each)

Total




TWO WAYS TO EXPRESS AN EPI

» Absolute, eg. kwh/scf or MMBtu/ton

* Relative, ie. actual energy input
optimum energy input

Both are acceptable
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DESIRABLE FEATURES of PLANT EPIs

¢ Qutput-based instead of Input-based

¢ Use simulation model to count and accrue energy inputs for
each product

¢ Use rational allocation procedure to allocate energy when a
process has multiple feeds or multiple products

* Highlight anomalous behavior, allowing us to diagnose
problems if we know how to interpret the index correctly. Itis
therefore tool for PROCESS EFFICIENCY IMPROVEMENT,
which after all, is the ultimate goal

* Provide a consistent method for comparing different plants -
can serve as a BENCHMARKING tool
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TWO KINDS OF EQUIPMENT

* Energy Consumers:
> Pumps

» Compressors

» Furnaces

> Distillation columns

* Energy Converters:
> Boilers
> Turbines
> Motors
> Generators

l’." Kumana & Assoc, Houston




Efficiency for Energy Consumers

PROCESS PROCESS PROCESS
ENERGY ENERGY

=15 EQUIPMENT oL ==

ENERGY
SUPPLIED, Egq

Useful Energy Absorbed _ E, - E,
Utility Energy Supplied E,

Efficiency =

l’." Kumana & Assoc, Houston

Efficiency for Energy Converters

Losses

ENERGY A ENERGY ENERGY B

CONVERTER S =15

Energy Output _ E5

Efficiency =
y Energy Input  E,
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Alternative Formulations for EPI

Losses

PROCESS EQUIPMENT PROCESS
FLOW IN, W EL\/\C/)W e

Two possible ways to express index:
— as intensity: E/W
— as efficiency: E_.iya ! Etheor
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EXAMPLE — COMPRESSOR STATION, GAS PIPELINE

Trend line for compressor power consumption, HP

QUESTION: IS THIS AN ACCEPTABLE INDEX ?
ANSWER: No, this is raw data. A good energy index would be expressed either as

HP per mscf of gas (assuming constant compression ratio, inlet temp, and gas
properties) or as polytropic efficiency.
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EXAMPLE of PROCESS EPIs — GAS PLANT

Low-3 gas —--
wet gas i Dehydration (dew-

point control)

Hi-5 gas R Amine gas
wet gas > sweetening |

Product

KO water Gas

Compr.

Stahilizers £ o ToSales

Sour Water sulr
Stripping Claus Sulfur

Recovery

to sales

Condensate
to sales

6 main process areas
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INDICES, per unit of throughput Right choice?

What about
acid gas ?

Inlets Stabilizer Gasg Treat
Capacity parameter combined feed gas | Combined cond feed sweet gas
units MkAscf 1000 barrels (MB) | Mk s cf
Flow rate, units/day 8149
Buoiler fuel, MMBtufunit . . 14.1
Proc fuel, MiBtufunit . . 0.0
Elec power, kwhiunit . . 4.0

Sales Gas Compr SEU
Capacity parameter dry sweet gas HP Sales Gas sulfur
units fhdscf Mk s cf tonnes
Flow rate, units/day 1116 1101 494
Boiler fuel, MMMBtufunit 04a 0.0 a.4
Proc fuel, MABtufunit 0.0 0.0 249
Elec power, kwhiunit 3.4 294 1.9

Possible to calculate from Process
Simulation Model + live Pl data
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WHAT DO THESE EPIs TELL US ?

Stabilizer Area Indices

VJM

Fuel Index

kw h/MB Cond Feed

MMBtu/MB Condensate Feed

—— Power Index

5/15 5/22 5/29

< 1% VARIATION — PROBABLY DUE TO WAY THE SYSTEM IS CONTROLLED
(FIXED ENERGY INPUT NOT TIED TO PROCESS DEMAND)
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ANOTHER EXAMPLE, SAME PLANT

Drilll)ldown on
il roblem area
Gas Pla i SR Pounit2)

Units Indices - Gas Treat 1
Index Description Unit Value
DEA Lorswes (Lh DEA] MMSCF of Sour Gas) 0 Lp/MMSCE ;)
LP SteamfDEA 5 Lyl
Enargy(Kw) /MMSCFD Sour gas = i

as Treal 2

Index Description Value Target Vi
DEGA Losse MG jas) 2 <Ll 095
LP Stean| 202
Enery{ K o g 13 3 1. 178 1117.97

as Treat 3

Index Description Value Target
DGA Losses (Lb DGAJ MMSCF of Sour Gas) (5 WhMMSF 0.9

LP Steam/DGA 51 Lb/tal

Energy(Kw) [MMSCFD Sour gas (5 WIMMSCFD!
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2-DAY TREND CHART

Trending the Index LP Steam/DGA
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Does not tell us
much. Letus
change start date

Re-Trend the Index
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3-MONTH TREND CHART

Trending the Index LP Steam/DGA
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Re-Trend the Index

Steady rise over 2 months, steady rise over last 1 month
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POSSIBLE INTERPRETATIONS of EPI

KEEP IN MIND THAT PROBLEM IS UNIQUE TO UNIT 2
(others not affected)

Faulty flow meter ?

Defective/damaged control valve ?

Colder feed to stripper (eg. due to HX fouling) ?
Other ??

EPIs help Process Engineer to identify
nomalies and take corrective action

l’." Kumana & Assoc, Houston
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MANY POTENTIAL EPIs PER PRODUCT
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Steam

Fuel (direct-fired)
Total fuel
Electrical Power
Mechanical power
Total power

Total energy cost
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COMPOSITE FORMULATION: Waste disposal cost = 0

F=A+B+W

E=E,+E,
=E,+Eg

X, = A/ (F-W)

Xg = B/ (F-W)

Va= ACL—CeFX,y 5 Ya= Vol (Vat V) Ex=Y,E
Vg = BCg—CeFXg ; Yg=Vg/(VatVg); Eg=YgE

Indices = E,/A and E,/B
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GENERAL PRINCIPLES

* Process outputs that do not make a profit should not be
made intentionally

¢ Unavoidable by-products should be considered as waste
streams

e Energy costs (or any other production costs) should not be
assigned to waste by-products

¢ Sales revenue from waste by-products should be deducted
from feedstock costs
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MORE RIGOROUS (AND COMPLEX) FORMULATION

* Energy Allocation Procedure
* Energy Accrual Procedure
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FEATURES OF A RATIONAL ALLOCATION PROCEDURE

* Need a heat and material balance model of the process to
track how much energy costs a product attracts before it leaves
the plant

e If a product does not make profit, the losses must be
distributed among other profit-making products

e Distribution of losses should be pro-rated on the basis of
profit

e After distribution of losses, net cost of each waste by-
product should be Zero
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ENERGY ACCRUAL PROCEDURE

Total energy accrued for a product E

Sum of energy allocated to it from every process unit J through
which it passes

where E; = total energy used in process operation J, and Yjj =
fraction of energy use allocated to the product I in process J.
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EXAMPLE: EPIs for C, by NGL FRACTIONATION (gas + liquid)

C4 - New Fuel Index C4 - New Pow er Index

—e—Un-Refg
—a— Refg (export)

K Btu/ bbl
kwh/ bbl

—e— Un-Refg
—s—Refg (export) |

Nov Dec Jan

K Btu/bbl

—e— Un-Refg

—=— Refg (export)

Nov Dec
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ENERGY INTENSITY COMPARISONS (conventional)
World's Best ?

¢ Chevron
X s ~= XYZ
Indices Statgillperrosnss REIRe

Total energy consumed . 1.57 0.90
(billion GJ)

Energy Intensity
(GJ / tonne)

Energy Intensity
(MMBtu / MBOE)

M Kumana & Assoc, Houston
=(®
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SAME DATA — DIFFERENT PERSPECTIVES

Efficiency
KPI

B

Calculation
Engines

Intensity
KPI

L’*"’ Kumana & Assoc, Houston
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TEST EXAMPLE 1: Refine Higher % of Crude Oil (value-adding

TERMINALS

ore Oil
refined

——— in case 2
REFINING Domestic
Sales

| 2010 (estimates)
Basis Data [ 2000 [ 2005 | casel [ case2 =
Crude oil production, BOE/day 7800 9085 11000 11000 Intensity
E&F energy cost, cents/BOE 9.7 9.2 8.0 8.0 Index gets

% Reduction from 2005 . -l q
Refinery feed rate, BOE/day 1800 2200 WeE
Rl energy cost, cents/BOE . 4

% Reduction from 2005 i 1.1 111

Caonventional intensity index

"Praduction”, BOE/day 8996 105589 12800 13200
Energy Costs, K§/day 1212 1248 1312 1408 o
Combined prod cost, o/BOE 135 1.8 Efficiency
Energy Intensity Index . 100 87.4 Index gets
% Reduction from 2005 b i 1} better

K&A efficiency index

Actual energy cost, K§/day
Bus Usual energy cost, K§/day
Energy Efficiency Index

% Reduction from 2005
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TEST EXAMPLE 2: Improve Refinery Profitability (eg. by making
more higher-value gasoline vs lower-value Fuel Oil)

Basis Data Comment
Refinery feed rate, MED 40 $/bbl

% gasoline 80 §bbl

% FO 30 $/bbl
gasoline revenue, K§/day - -140750

FO revenue, Kiday - -271260

Total revenue, KEiday -11220900 -412040

Incremental revenue, K$/day u] 250.8 operational change only
Energy reqd, BTUe/BOE feed 25000 30000 Intensity index
Actual Energy cost, Bday 20.0 4.0 200 $MMBtu
Incremental "profit”, KS/day a 2455

Bus Usual energy cost, $/day 250 5.0 assume no & in eff
K&A energy efficiency index 0.50 0.83

Intensity index change o 20.0 % (wrang direction, big)
K&A efficiency index change u] 3.4 % (wrong direction, small)

NET REVENUE IMPROVES BY $196 K/day, BUT Intensity INDEX GETS 20% WORSE !!!

TO BE FAIR, EFFICIENCY INDEX ALSO GETS WORSE (A DEFECT), BUT ONLY BY 3%
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ACTUAL OVERALL CORPORATE ENERGY KPI (Confidential Client)

100%

Corp Energy Efficiency Index

Performance

—a— Actual Gap ?

—#-— Potential

—a— Target

T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

e Actual Energy Cost
Energy Efficiency Index =

l’." Kumana & Assoc, Houston

Energy Cost at Baseline Efficiency




AND FINALLY, WE NEED TO PUT IT ALL TOGETHER

PORTAL-BASED
DATA
VISUALISATION
EVENT BEST PRACTICE

TARGET vs MANAGEMENT - —, RECOMMEND-
—p
ACTUAL EPI EXCURSION TRAFFIC LIGHTS ATIONS

VALIDATED EPII ITARGET EPI

EPI TARGET EPI
CORRELATIONS CORRELATIONS

VALIDATED
ENERGY VALIDATED INDEPENDENT VARIABLES (°C, t/h, ...)

DATA
Data Conditioning

validated

DATA HISTORIAN (PI, RIS, InfoPlus.21; ...)
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CONCLUSIONS & RECOMMENDATIONS

A systematic and consistent methodology has been presented to
formulate, report, and use Energy KPIs — for equipment, for
process units, for entire plants, and for the company as a whole.

Accurate data is essential (more/better instrumentation and data
reconciliation software may be needed).

Material and energy balance simulation models are required.

Primary energy (eg. fuel, purchased power) should be priced at
marginal cost; secondary energy (eg. steam, cooling water,
cogenerated power) costs should be traced back to primary
energy costs via the simulation model.

For effective results, a company-wide online Energy Management
Software system should be deployed.
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