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The Process Excellence Awards, a global awards
series run by the Process Excellence Network,
recognize companies and individuals that have
achieved exceptional results through the use of
process improvement methodologies. Entries are
judged by a panel of process professionals.
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The 2013 winner of the Best Project Over 90
Days was Braskem UNIB 2 RS for their Lean
Six Sigma Green Belt project “Reduction on

Fuel Gas Consumption at 11F08”. Here is
their entry.
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Reduction on Fuel Gas
Consumption at 11F08

Maintenance Unit — UNIB 2 RS
Lean Six Sigma — Green Belt Project

Leader: Vanessa Eidelwein
Team: Fernanda Ribaski
Vitor Hugo Kirst

Susam Arend

Braskem




BRAZILIAN PETROCHEMICAL INDUSTRY

1st Generation = 4 Naphta Crackers 2nd Generation = 18 Polimer Units (PP, PE, PVC and CS)

Ethene: 3.7 MM t/year and Propene: 1.8 MM t/year Resins Capacity : 6.46 MM t/year and Soda: 0.5 MM t/year

| NAPHTA
CONDENSATE
#fl GAS

S ETHANOL

% " | ADDED VALUE —
| COMPETITIVENESS

1st GENERATION 2" Generation
Basic Petrochemicals Thermoplastic Resins

EXTRACTION
Raw Materials

3rd GENERATIO!
Plastic Converters

oF .
World’s eighth-largest petrochemical company piajor Global Challenges j
» Globally competitive, with

Thermoplastic resins leader for Latin America i
i . access to raw materials at
Created in 2002, it employs 7.2 thousand workers competitivel cost:MiCoRE T

and Shale x Qil)

Braskem




6 Sigma

Olefins Basic Inputs Unit — South: UNIB 2 RS

20 - Belts Certificates - The 6 Sigma projects have started in the UNIB 2 RS in 2009 focused

UNIB 2 RS on Industrial Processes, Material Losses and Productivity.

15
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m(® Introduction and Context POOVDA> 1 >C

The project was designed in accordance with Cost Reduction goals and initiatives for the capture of Strategic
Industrial Planning Gaps 2011-2016 for the Basic Inputs Unit RS (UNIB 2 RS).

Commitment - to optimize performance indicators:
Energy Indicators (reduction of process energy consumption per ton of final product)
Fuel Gas Consumption (reduction of fuel gas consumption for power generation)

Restrictions - not to impact negatively on the following environmental indicators:
Emission of Gases to the Atmosphere (CO, NO, and SO,)
Emission of Greenhouse Gases (CO2)

Choosing the pilot: One pilot equipment was chosen for each of the ethene production areas. This project refers to the
pilot developed at the Olefinas 1 plant.

Method: statistical evaluation of the average consumption of fuel gas (FG) and changes in internal temperature for the
9 furnaces which comprise Olefinas 1. Verified: highest FG consumers and highest mean and standard temperature
deviations for each furnace (indicating process instability) . The equipment chosen was: 11F08.
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2. Analysis of temperature differences (A) in

1. Analysis of FG consumption over time furnaces with higher FG consumption



m(® Definition

History Data: FG/LOAD
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1. Analysis of KPI historical data
Probability Plot of GC/Carga
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3. Evidence for type of distribution

PO VDA1 >C

Definition of KPI: kg FG/ton Processed Load

Boxplot of GC/Carga
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2. Verification of position measurements, dispersion, outliers
Process Capability of GC/Carga

usL

Process Data Overall Capability
LsL ZBench -1,00
Target . TN z1sL
usL 167,32 7 ). — Z.UsL -1,00
Sample Mean 171876 — \l Ppk 0,33
Sample N 130 / Cpm *
StDev(Qverall) 4,55718

T v T T T T
160 164 168 172 176 180 _ 184

Observed Per’ﬁ)’rmnoe I Exp. Overall Berfomnoe | ZST
PPM < LSL * PPM < LSL *
PPM > USL 83846154 PPM > USL 84127948 -
PPM Total  838461,54 || PPM Total  841279,48 '1-00 + 1.50 C 0-50

4. Capability calculation for calculated goal

GOAL: Reduce from 171.88 to 167.32 kg of consumed FG per ton of processed load (shifting of the mean
to the 1st quartile Q25% - statistical goal chosen by lack of benchmarks for pyrolysis furnace indicators)

FINANCIAL GAIN: R$ 1.1 million (only for the pilot)



m(Ommm(® Measurement POOVDAD1 >C

WORKFLOW Y = FG Consumption
Sy
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mOmm@Omm©® Analysis PO IVDASI >C2

STEP 1 - Large amount of continuous variables (operational parameters of the furnace). Verification
of the relevant parameters and their actual impact through the development of multiple regression
models for each operation mode.
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1. Correlation analysis for the choice of variables
used in the regression models
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mOmE=(): (@ AnalySiS — Complete Methodologme»)D

STEP 2 - Statistical analysis of the 18 variables mapped. Of these, 10 were confirmed as variables that impact
the process significantly (VITAL Xs) — Action Plan developed

X3 Calibration 11FR2008 (measuring instrument) Calibration plan and history verification %
X4 Calibration of 11AR0608 (measuring instrument) Hypotheses testing (1ST) 8
X5 Location 11AR0608 (measuring instrument) Hypotheses testing (1ST), Multiple regression, Histogram %
X6 Heat loss by insulation Hypotheses testing (2ST), Box plot §/
X8 Adjustment of primary and secondary air Hypotheses testing (2ST), Multiple regression, Correlation, Dispersion ‘q/
X11 Excess O2 Set giysp;c;t:lseizsszs _Itf:rt]igg (2ST), Multiple regression, Control chart, Correlation, '?/
X13 Draught Set gi);p;c::lsei:cs)s:s _I'Efsrt]igg (2ST), Multiple regression, Control chart, Correlation, %
X14 On-line DMC factor Logistics Regression %
X16 Size of nozzle holes Hypotheses testing (2ST) '?/
X17 Assessment of burning efficiency FTA %
X21 Green oil drainage at FG header Hypotheses testing (2ST), Column Graph 8
X22 Burner cleaning FTA '?/
X24 Initial furnace setup FTA %
X25 Drainage of 10V04 (pressure vessel) Canceled %
X26 Presence of false air Hypotheses testing (2ST), Box plot ‘Q,//I
X40 Calibration 11FC0108 (measuring instrument) Calibration plan and history verification g
X44 Calibration 11FT1908 (measuring instrument) Calibration plan and history verification g
X45 Calibration 11PT0308 (measuring instrument) Calibration plan and history verification %




mOmm©Omm(©® Analysis - 10 vital Xs

EQUIPMENT

Summary for Difference 26/09

20/06/2011 14:58:47

Anderson-Darling Normality Test
A-Squared 052
P-Value 0174

)

Mean
Stbev
Variance

0,81572
0,14940
0,02232
Skewness  0,362825
Kurtosis 0,024566

N 28
Minimum 0,50355
1st Quartie 071464
Median 0,80325

3rd Quartile  0,89793
Maximum _ 1,11441

One-Sample T: Difference 26/09

Testofum=0vs >0

95% Lower
Variahle ) Hean StDew  5E Mean Bound 3
Difference 26/09 28 0,8157 0,1494 0,0282 0,7676 28,8 0,000

Welcome to Minitah, press F1 for help.
Two-Sample T-Testand Cl 24, 2.8

Two-zauple T for 2,4 ws 2,8

u Mean  3tDev
2,4 1700 4,4369 0,045
2,8 1700 4,3614 0,0987

3E Hean
0,0085
0,0076

Difference = mu (2,4) - mu (2,8)
Eztimate for difference: 0,07551
95% CI for difference: (0,05531; 0,09511)

T-Test of difference = 0 (vs not =): T-Value = 7,53 | P-Value = 0,000§ DF = 330

X5 - Localization of 11AR0608
(comparing the difference of values
measured between 2 installation
locations for the oxygen analyzer)

Boxplot of EQ. GERAL ANTES; EQ. GERAL DEPOIS
4,5
4,42109
4,44 *
%
4,31 *
&
<
8 424
405003
4,14 \
4,04
T
3,94
EQ. GERAL ANTES EQ. GERAL DEPOIS

Dljert Farametes

Innovation: thermo graphic
analysis to assess the structural
conditions of the equipment
without removing it from
operation

X16 - Dimension of burner holes
(comparison of gas consumption using 2
different models of burner)

X6 - Heat loss by insulation failure

X26 - Presence of false air

(comparison of gas consumption before and
after furnace maintenance and
graphic analysis — assessment of heat loss)

thermo

OPERATIONAL PARAMETERS

X8 - Air adjustment
X11 - Excess O2 set

X13 - Draught set

(change in the operating parameters -
statistical analysis of the field test in
relation to gas consumption BEFORE
and AFTER)

POIVDA1 >C

PROCEDURE
g

TEMPERATURE MODIFICATION OF
ADJUSTMENT OPERATING
CONDITION
&
o et
ahecs v e
fem

‘

Fault Tree I
Analysis (FTA)

Upgrading the
operational procedure

Direct
action

X17 - Assessment of burning efficiency
X22 - Burner cleaning

X24 - Initial furnace setup

(analysis of the causes and update of work
instructions)

I-MR Chart of GC-1 by ANTES E DEPOIS -1
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mC)mm()mm()mm() Improvements

Braskem b

X3 Calibration

Verify the efficiency

ACTION PLAN MANAGEMENT

Summary of the situation i

Verify through hypotheses testing
1 Sample-Tif the calibration plans
for this Instrument meets/does not

: 30/09/2011

The reading results of this instrument
directly impacts the calculation of KPI

#\ sempre

Vanessa

WHEN?

15/05/2011

STATUS

Ongoing

WHEN?

TODAY

STATUS

Completed

20/11/2011

ACTION

The Insmmerasclossedin e X
category by IC. It does not have.
acalibration p\an and i egpency
for failure s between 2 and

ofthe FR calibration
WA FS) lan oy DIMEEEAD There was no statistical analys\sand
Requires data colleciton a the variable was excluded from the
project
The reating esults of this nstrument
Veriy which
Xa—Galbrton | Vetyth ficiency | 1 SampleTh caltaion pane | nfence rectanne amouniof Verification by analysis 1-Sample T
Moo | ofte fort e radiation Vanessa RS0 181042011 ongoing 100612011 Completed | proved that th calitration ntervalis
plan 1 11PC0308 2pproprate, and can be extended
Requires data collection (Draught), i mnmieare
11PC05/06107.08de G
W, The current point of the probe is.
Penorm DOE{placss "e pmhe located above the shadow hnx wheve Analyses were performed with the.
{oriba probe and with a portable gas
Verty themuence ;:;; perorn ;;;';g:;‘qufes contsounins e paingand oier analyer. R wasveriied fom 8
of the analyzer's point shall be on an inlet at unmapped areas. The test aims to surement for O2, and the point
verify wnemevmslde the chamber, tested measures anamount of
Kivamis | ey tms | b o spmais | erte ocess 02 wnchesly ViorHugo R 48 osmosiz011 ongaing ov0z011 Completed | lowerthan thecurent pont. However
e s counts this analysis must be detailed i
- measuvemems are dmevem wmhanly another project, since more
chamber falseair. Afierwards, compare o oot s delo0
11AR0608. content will also be: analyzed‘ venwmg this hypothesesin a more precise
Requires preparation the quality of combustion in the. way.
Perorm visual inspeciionin the
entire umaceusingathermal | e Maintenance performedin the
Vertythepoinsin | IMaGer: Alie hotspots mustoe | HOLSPOI 1 e fumace e fumace as of October 2010, where
St | penmeeunee | OSSR ., | oo oz pedies oo ) oao72011 Ongoing 1900812011 Compleeg | Insuladontlawe were miigated
hereisheatloss | mardng over 100°C wilemterthe [ 297 b burng of more £6, inspecton before next shutdownto
rk map for insulation g inp ‘see new points generated.
improvements
Curtenty the primaly it sysem's | 1 i reguiation mechanissforthe
Therefore during this adjustment | O1einas L fumaces are the same Stcker tags were lacedon each
X8 — Calibration Improve regulation (hele wnllbe no improvements they havep N bumer indicating the percentages of
of primary an Y J The Vanessa R$40 09/05/2011 Ongoin 19/08/2011 Completed saconcaryiopenigsierams ety
se:unﬂa'y air 1" | exchange of systemsis not feasible, oons o " m' Si{opoiigs wele Blso clemifcl
lary: the fumace this case, a sticker (ag w.u be 'ge of sy: b during review of the operational
lacedwith the positions due to costs involved. The action aims okl
ZLDSED s °°5 e at improving operator visualization P
" " " when activating the system.
The 0 stoday s mamanedta Test performed o reduce excess 02
levelof 2.5-2.0%, wi from 2.5%to 2.0% Joity the
antons, T setings basedon prossure nthe radiationchamber
» determinatons donea fowyears ago, was also changed, reaching -3mm
02 Set 9 the process. This X depends on the 'g0ing - L

fumace.

area procedures.

a newlocation forthe O2 probe, this
step test should be done with the new
configuration.

atihe top of radiation were done, to
make sure the furmace was not
“drowning. The new operational
levels were approved.

After Improvements:

* Increased capability: 7-fold (0.50 to 3.62)
e Change in the linear regression model: new process

equation with R?adj = 97% and adjustment of the signals
(equation with physical meaning, not just only
mathematical)
* Financial goal achieved during improvement stage: 4
months in advance

 Value agreed for 1 year, achieved in 3 months

POIVDA> | >C

Action Plan: 5W2H

 Description of each variable
» Description of the analytical methods

» Detailed justification on why each

analysis was performed
 Definition of 1 responsible per action
e Monitoring of costs
* Detailed description of each action
e Monitoring of deadlines

Responsible for analysis: project leader

No. Involved in the actions: 5 persons

Execution costs: RS 488.00

Process Capability of KPI

LSL

Process Data
#

LsL

Targat *

S0 167,32
Sample Mean 157,893
Sarnple M a0
StDev(Cweralll 4.44893

Orwerall Capability
Z.Bench 2,12

ZlsL *
ZUSL 212
Ppk 0,71
Zpm *

148

152 156 160

Ohzerred Peformance
PPM = LSL
FPM = LISL 0,00
PPM Tatal 0,00

Exp. Overal Perforrnance

PPM = LSL
PPM = LSL
PPM Total

16988.09
16928,09

164

ZST

168

2,12 + 1,50 = 3,62




mCOEmOmEmCOmm@mm(® Control PDOVDAS1 C 4

1. Acting on X6 and X26
Consumption of FG / Processed Load (performed in the

175.00 Analysis stage by chance
of equipment shutdown
derived from conditions
outside the project);
2. Acting in X17 and X22;
3. Acting in X8, X11, X13
and X24.

For X5 and X16 no
actions were taken, since
due to statistical analysis
it had already been
proven that they were in
¢ optimal conditions, and
should be maintained as
such.

170.00

167.32
165.00

160.00

155.00

150.00

Revision of 1 procedure, 1
work instruction and

CEP for consumption of FG Monitoring of process indicators records creation in the Permanent change of 3

and KPI (Control phase) online (Xs) Operation]sctmanagement operational parameters
software




m(© Learning and Benefits 2>

* Breaking Paradigms: the modification of the operational parameters represented a break with previous models - it
was believed that is was not possible to operate the furnace with lower levels of oxygen without generating carbon
monoxide emissions outside set limits;

* Involvement of people: the project was conducted by a maintenance area engineer, with direct support from the
Operations, Processes, Quality and Safety areas. Staff members of varying seniority were involved;

* Technical development: throughout the analyses, many operators made questions and clarified doubts concerning
their own work. The procedure reviews was essential to stimulate people’s creativity and due to the technical
complexity of the project, all the involved had a chance to-acquire knowledge;

* Use of resources for new purposes: chemical analyses of the gases were performed to monitor the restrictions
imposed (not to increase CO, CO,, No, and SO, emissions) with efficient and practical instruments which had been
forgotten and were out of use. The thermo graphic camera was also employed, increasing its usefulness/usage rate;

* Sustainability: use of smaller amounts of fuel gas and improve of burning efficiency cut down CO, CO,, NO, and SO,
emissions by 20%. Commitment to the environment and surrounding communities;

* Acknowledgement: the project was awarded the Best Focused Improvement Project developed by RS UNIB in an
event involving all the leaderships and the Quality area.

CO2 Emissions (ton/month)
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Teams: Mainten?d Environmental indicators — reduction of emissions by 20%
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Captures: Projection x Real

B B
o
=
§  B000 N M e N e R R R e
2 RS 3.831
Q
S s e e s e e e e s e At e e e R$3465
1000 R RE3fa e n e
T R SR A e e L s
R$2.184 v Maintenance shutdown
2,000 -] |;>___(_f_‘!_r_n_?_c_?_E)_F_’_e_f?_t_i_‘?f‘_@!_f_‘?_rfl _________________
’ days)
O I
1.096 1175
1.018
g2 Y -
1-000 B . 7 T Y o _6_2__?____?US___lgs'____;_:_;.—-_—"r—‘ __________________
548 -
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— & Projection —#—Real *Note: R$ 1,00 = +/- US$ 2,00

Goal: Project New Forecast:
RS 1,174,818.43 §>)) Development ») RS 3,831,166.24

Braskem
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FURNACE MULTIPLE REGRESSION (BASE 2011) CAPTURE MONTH
11F01 GC =8.84 +0.244C + 0.2860, + 0.0346T — 0.0137COT Optimized furnace
11F02 Unable to establish — evolve analysis for replication Not calculated
11F03 GC=-10.8 +0.196C + 1.760, + 0.046T + 0.007COT RS 20,000.00
11F04 GC=-8.51+0.131C-0.0450, —0.0811T + 0.0106COT RS 240,000.00
11F05 GC=-6.46 +0.0948C + 0.1770, — 0.102T + 0.00891COT RS 125,000.00
11F06 GC =38.5+0.094C + 0.3880, —0.0622T — 0.0454COT RS 130,000.00
11F07 GC=-191 + 0.0888C —0.05680, — 0.0575T — 0.232COT RS 245,000.00
11F09 Unable to establish — evolve analysis for replication Not calculated

Minimum monthly capture forecasted: RS 760,000.00

Extrapolation of the model: using the same variable, it was possible to create |
new regression models. Stipulating operational parameter goals for each
furnace, the potential $ gain potential was also calculated.

Beginning of replications: May 2012
New data collection for each furnace and change the project replication leader.

Multiplication of Benefits: replication of the project has the potential to
reduce by 5% the overall energy consumption of the plant and 20% total of gas
emissions in the furnaces. Per month, this means:

* Reduction of 5,76 giga Joules/ton product produced consumed;

* Reduction of 15,400 tons in CO, emissions;

Featured: Furnace Area Olefinas 1
Braskem
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QUESTIONS ?

Vanessa Eidelwein
Maintenance - UNIB 4 /PE 9 RJ

(21) 2187.8865

_ vanessa.eidelwein@braskem.com.br m
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