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ABOUT EMBRAER

A global aerospace company headquartered
in Brazil, Embraer has businesses in
Commercial and Executive aviation,
Defense & Security and Agricultural
Aviation.

The company designs, develops,
manufactures and markets aircraft and
systems, providing Services & Support to
customers’ after-sales.

Since it was founded in 1969, Embraer has
delivered more than 8,000 aircraft and is
the leading manufacturer of commercial
jets up to 150 seats.
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PRESENTER S BIO

Mauricio Almeida

Vice president of Engineering for Commercial Aviation,
responsible for the development of the Ejets-E2 family of
airplanes and the product modification and engineering
support to all EMBRAER commercial airplanes in operation.

Joined Embraer in 1985 as an engineer and has occupied
different leadership positions in engineering, product
development and Programs.

Involvement with CCPM dates to 1998, when Embraer started
applying its concepts in engineering projects. Since 2012 has
been working to improve the implementation of CCPM for the
multi-project product modification environment and to new
aircraft developments. In this period also led the lean
engineering workstream of EMBRAER excellence program.

Contact: malmeida@embraer.com.br
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DELIVER MORE PROJECTS: faster, better, and at lower cost.
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CRITICAL CHAIN 2020

WHY TOC / CCPM
A holistic approach

“The chain is only as strong as its
weakest link”

“all complex systems are governed by
inherent simplicity”

Cause and effect
A FEW points MUST be improved
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Root cause “Do what must be done”

© 2020 TOCICO




WHY TOC / CCPM

CRITICAL CHAIN 2020

It takes into account human behavior...

Time protection mechanism

Use previous
experience to
estimate time

Multitasking

Add safety
time to each
task

Parkinson's Law

"Work expands so as to fill the time

Effort

© 2020 TOCICO
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Student Syndrome effort increases

las milestone date approaches

Student
Syndrome

Milestone due date

Activity time




WHY TOC / CCPM

Uncertainties are a fact.

Murphy’s Law:

If anything can
go wrong, it
will!

At the worst
possible
moment...
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WHY TOC / CCPM

A simple conceptual solution

30 days 20/days
@ Scheduling 30 days ‘
20 days 10 days

15 days 10 days
@ Remove task safety 15 days ‘

@ Include Buffers

Reduce task safety to create project safety (buffer). RS
© 2020 TOCICO
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WHY TOC / CCPM

A simple conceptual solution

PB

/1
Commitment

[ Critical Chain

-:- Project Buffer (PB)
“ianiay Feeding Buffer (FB)

|:| Activities out of CC

Buffers protect the constraint (the longest path) of the project

. N\
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WHY TOC / CCPM

A simple conceptual solution

@ Monitoring
BIKE LANE

Risk management /
Prepare mitigation
plans

Solve issues /
Implement recovery
plans

Act according to the buffer consumption. RN
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WHY TOC / CCPM

Buffer management protects the schedule without adding margin.

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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WHY TOC / CCPM

A solution for a single project or a portfolio of projects.

Capacity Constraint
Resource — CCR

Subordinate project pipeline to CCR

“The bottleneck that limits the
throughput of the entire @
system.”

Project Buffer

Capacity Buffer
Project Buffer

| — ==

Project Buffer
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A'change of mindset:
FOCUS in the way forward.
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TOC / CCPM IMPLEMENTATION

“ausagmmmc:. Technological

A long journey with two main phases KC-390
. "Sinal «  Throughput
CCPM 2.0 in Igg € queue Accounting
Commercial CCPMin the IT f[p o?te -~
.iAwahon CCPM in department i \w’ M

> Development

" T, :

| ‘
CCPM 1.0 in  CCPMin . \
Com.me.rc1al E175+ T
Aviation Program 1

A-29 SUPER
TUCANO

ToC concepts

in EDE hE_I; i a

(Landing Gear)

CCPM in
Bradar

e CCPM in
CCPM in KC-390

CCPMin Executive ~ Defense
Aviation Aviation

&

CCPMin
CCPM concepts  E2 Development
in Phenom dev

CCPM concepts

in E-Jets E1 © 2020 TOCICO
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TOC / CCPM IMPLEMENTATION

Two types of applications

Project Buffer

Project Buffer

| == —

Development (Single project)
eEjets-E1 ; Ejets-Plus

*Phenom; Legacy

*KC-390

Series (Portfolio of projects)
eCommercial aviation
eExecutive Jets
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TOC / CCPM IMPLEMENTATION

Initial results (Series)

Cycle time Throughput

350|344 Project Execution Cycle (average LCC12M)
340

QTD acumulada de projetos entregues por ano

330

320 317 317 316

310
-21%

300

290

Execution cycle (days)

280
270
260

250

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

<= 2009 <~ 2010 2011 2012 < 2013]

2010 2011
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TOC / CCPM IMPLEMENTATION

E-Jets Plus development results

2012 2013 2014

Initial Fuel Consumption Reduction Project iif
Plan

77 \
Final Fuel Consumption Reduction Project %\T

Plan

First delivery:
March, 24th 2014

1{ % First Delivery
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TOC / CCPM IMPLEMENTATION

Development results

ERJ-135
ERJ-190/195/175
Phenom 300
E-Jets Plus

Something missing for the first airplane of a family....

ERJ-170
Phenom 100
Legacy 500

© 2020 TOCICO




TOC / CCPM IMPLEMENTATION

BUT in 2013 in Commercial Aviation...
Series Development

Reduction in the
resources pool

Aging and cycle increased

Backlog increased

et d * 190-E2 planning challenges:
irst date

commitments reduced * How to expand the buffer management
process to all work packages, in a

Priorities conflicts manageable way?

Customers complains

© 2020 TOCICO



TOC / CCPM IMPLEMENTATION

Improvement plan

Goals and
Problems Problems root intermediate
categorization cause analysis objectives

Problems identification
(Undesired effects /

Implementation Execution of the
plan (Sequence plan, following

obstacles) identification of objectives) the sequence

Categor Categor

Tools: Current reality tree, Pre-requirements tree, Kaizens, Strategy and Tactics tree, ... N \:
© 2020 TOCICO
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TOC / CCPM IMPLEMENTATION

General concept for planning, execution and management

FEEDBACK

- =
QO colvs,%

Planning and programming must flow the sequence from the portfolio to the responsible for execution « .~
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TOC / CCPM IMPLEMENTATION

Strategy and Tactics Tree for continuous improvement

Meeting all
PROJECT premises

| | ? ] 1

1 Controlling the WIP =5 : 3 Releasing / g 5 Managing pariners,
{Defining the E Cr;:::rli("‘.:tmm Programming 4;:’ ;:x:g suppliers and
sequance) g execution subcontractors
A A A h \
|1 2 Managing project | | 21 Building good L 3.1 Full kittng | | 41 Managing |51 Aligning business
pipelines preject plans ' executicn terms
2 : : o 5.2 Controlling
= D:::I;g:sm]m = ;'::zngﬁ R =l :rﬁgsr::ﬁrg “ 4.2 Lean exacuficn \d{ confracted sub-
projects
2.3 Staggering
project portfolio
éyo qﬂo/fco,?s,% .
N ~
1 A | \
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TOC / CCPM IMPLEMENTATION

First date commitments

Atendimento de Compromissos (12 Data)
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TOC / CCPM IMPLEMENTATION

Application of the series model to development

* Series: A portfolio of independent projects sharing resources

» Development: A portfolio of projects with same commitment date, sharing inputs
and outputs.

 “The idea of this hike is not to see who
can get there the fastest. The idea is to
get there together. We're not a bunch of
individuals out here. We're a team. And
the team does not arrive in camp until

all of us arrive in camp.”

. The Goal (Eliyahu Goldratt) - Chapter 15

© 2020 TOCICO
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TOC / CCPM IMPLEMENTATION

Portfolio and critical project view
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CRITICAL CHAIN 2020

190-E2 DEVELOPMENT

S mases: 6O o N o < o 6 ~
i S 3388 8282 8¢
A380 o
B787 56 months
A350 105 months | S
CS100 66 months
MRJ90 o"‘ 69 months

M

o’ Program Launch o 202070, BB

Entry Into Service \
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TOC / CCPM IMPLEMENTATION
190-E2 and 195-E2 Triple Certification > on time, over spec and under budget

190-E2: February 29th, 2018 195-E2: April 15th, 2019

E190-E2 EXCEEDING TARGETS -~ E195-E2 EXCEEDING TARGETS

EVENBETTER THAN ORIGINALSPEC

\/ @/ @«

EVENBETTER THAN ORIGINALSPEC

s

QUIET CABIN NOISE FUEL BURN

Target- asgood ] Twiel: 15 EPNE

Achieved:
20 EPNdB
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TOC / CCPM IMPLEMENTATION

Project management achievements

DESIGN

2018 MundoPM Project of 2019 Aviation Week Laureate 2019 ToC Process Ongoing 2019 PMI Global Project of
the Year (Brazil) & Grand Laureate Awards Improvement Award the Year

© 2020 TOCICO




DELIVER MORE PROJECTS: faster, better, and at lower cost.
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©Copyright 2020 TOCICO. All rights reserved.

No part of this recording may be reproduced, distributed, or transmitted in any form by any means,
including photocopying, recording, or other electronic or mechanical methods, without the prior
written permission of the TOCICO.

Except in the case of brief quotations embodied in critical reviews and certain other noncommercial
uses permitted by copyright law. Any claim, controversy, dispute or cause of action shall be
governed by construed in accordance with the Laws of the United States of America and the State of
Washington.

For permission please contact the TOCICO at admin@tocico.org
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