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The overall situation:

» Excellent, motivated people are working in the construction of large Research
Infrastructure (“RI”) projects.

» Cost overruns ( up to > 100 %), time delays ( up to > 100 %) and changes of scope
are reality

— in research (often)
— in industry (sometimes, t00)
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Actually built nuclear power plants are still facing high cost increases.

Example: Cost overruns per KW of selected nuclear build projects

Costs in Euro/KW, status June 2010.

Gain of .
experience: 1.250 1.062

- Technical
1.636 - Managerial 3.004
2.063 2.063
759
USA Average Olkiluoto 3 Flamanville 3  South Texas 3&4
(1966-1978)? (Finnland)" (France) "% planned (U.S.) V2

1) Estimates, projects in progress (South Texas construction not yet started)
2) Currency conversion date May 20t, 2010
3)

Initial overnight estimate 2005, cost update in 6/2010 Actual cost overrun (est|mat|on)

Sources: Arthur D. Little, “Nuclear New Build Unveiled”, * EDF, Press Release “H1 2010 Results” Initial cost estimation
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Important aspects in the management of large Rls.

Aspects:

» Governance
» Management
» Planning, Reporting & Controlling, Counter measures

> Procurement
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Governance

Situation (at the beginning):

» Engineers and scientists develop a basic concept of the Rl with rough estimations
» Political decisions demand fixed data

» 0Ongoing project changes according to the project's conceptual development are
not adequately considered (cost, time)

» Consequence: the project starts and runs under optimistic assumptions/conditions
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Key Factor 1:

» Political agreement upon a ,memorandum of common understanding” with fixed
shared understanding of the foreseen scope, schedule and cost together with a
phase oriented approval process

Key Factor 2:
» Competent supervising boards must have clearly defined authority and
responsibilities and powers of self-assertion

— to be able to control and to supervise the top management
— to immediately impact the project, whenever this is necessary
— to quickly resolve conflicts presented by the top management

Governance



INTECH

Management

Key Factor 3:

» Selection of the management team on the basis of project management and
technical skills with large independence and authorization and with full
responsibility.

» The management must be challenged to achieve the project goals within the given
cost and time frames

» The supervising boards should implement independent scientific and technical
audits and external, professional project control.
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: Governance
The ITER project needs severe changes...
Management
Example: ITER Cost increase
Costs in Billions of US $, 2010 adjusted
Cost estimates for the beleaguered fusion project have fluctuated wildly over the past two decades.
20 -
18 4- -==Unoffical estimates } ;’

E 16 4 S ",‘
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'§" 147 ITER redesigned | ‘." '
o 124 at half size . A
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©
v 6 - ’
=, | [First ITER design /\
=

; Seven partners

P sign ITER treaty

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Source: Nature 465, page 532-533 (2010), online publication 28 May 2010
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Management
Situation (after the start):

» The project starts with limited resources (cash, personal).

» Structures and processes still have to be defined and modified according to the
project’s growing.
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Management

Key Factor 4:

» A clear and structured organization with respect to its growth is necessary
(structure and processes).

» The management must ensure
— the implementation of full responsibility at every level
— direct, transparent reporting lines
— the full use of management and project tools

» The project must install processes
— to decide quickly upon technical, cost and time aspects

— to react quickly on technical, cost and time deviations by elaborating and
controlling necessary countermeasures
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In early phases component orientation and coordination dominate. M
anagement

Example: Organizational chart (early phase)

Organization dominated by component design and procurement

Procurement Project Office [ Cross divisional function
(Procurement phase)

[] Component orientated
[] Assembly orientated

| l | | | | |

Project Coils Magnet System Cryostat In-Vessel Cryogenics Machine control / Assembly
Coordination Components operation
preparation
Construction planar Coordination Inner vessel Component Thermal Central Integration
— — — — — type 1 — insulation - machine - planning
control
Enterprise Non planar Power Outer vessel Component Control room Metrology
— — - Supplies - — - colling — & communi- —
cation
Electrical Ports Component Current leads Component Periphery
—1 grounding — ] type n — 1 control 1
Mechanical Ope(ating LHe Gas inlet Tools
— Structure — surveillance — supply — —
CAD support Vacuum Refrigerant Machine Assembly
— — technics —| storage — Control — 1
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More cross divisional functions are necessary during completion.

Management
Example: Organizational chart (later phase)
Organization dominated by machine assembly
Project | [ Cross divisional function
(Assembly phase) [] Component orientated

[] Assembly orientated

Assembly Device components In-Vessel Physics
Components
On-Site Power Unit 1 Diagnostics
—] Co-ordination — Supplies — —
Device Assembly Cryostat L Unit 2 Diagnostics-
— — — Engineering
- - Periphery cryogenics Heating |
Assembly Heating 2
— Technology ]
Machine Control
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Controlling

Situation (during construction):

» Costs and time aspects are roughly estimated at the project’s start.
» Insufficient up dates are conducted in the following phases.

» Sufficient contingencies in costs and time are often not foreseen or not accepted.

HAMIRI




INTECH

Realistic Planning is necessary.

Controlling

Key Factor 5:

» Costs and time schedules must clearly be defined and realistically planned for all
project phases from the very beginning onwards.

» The costs and time schedules must be estimated with appropriate precision
according to the different approval phases.

» Phase related contingencies must be provided.
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The more completion the more complexity, deeper knowledge and ...
contingency consumption! Controlling

Example: Development of machine design during project development

Approval phase: Concept Assembly phase: Detailed design

C - 7 ] 1
- £ | \ A = \
L : . £ C \‘! { . - .-. %\
g . \ - | 5
] . ‘ = = @ | k Y,
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Effective “online” systems for controlling and steering/counter steering must be
consequently applied. Controlling

Key Factor 6:

» An always current, bottom-up planning, controlling and reporting system based on
work breakdown structures and financial management tools is mandatory.

— This integrated system must show all the planned and actual, weekly updated
data and the resulting deviations

» Efficient project control and risk management systems have to be fully embedded
in the project, covering technical, financial and schedule issues, together with the

parallel development of mitigating measures in case of deviations.
This is essential to allow the management
— to react immediately
— both internally and externally (for suppliers and in-kind contributors).

HAMIRI




INTECH

Processes: Implementation of a comprehensive bottom up — Planning,
Controlling and Reporting Process Controlling

Example: Wendelstein 7-X Fusion Reactor IPP/Greifswald:
Bottom up Planning Process

> Boards -
Top down: Budgeting

Q

<
Approval or "lteration®, s T
(Automatically) Creation of £ _ Proiect
Reporting 3w Coérd. —

o 0

£72 [ h I
Approval or ,lteration“ = Div. Div. <«

= 3 Head Head

38 f T —

. 5 —

Approval or ,lteration £ Group Group Group Group

m Leader Leader Leader Leader .

A A A A
A
+
Planning of Work Q) Q'r') Ur-) k|) <+
Packages Resp. |[Resp. ||Resp. Resp. |[Resp. ||Resp. Resp. |[Resp. ||Resp. Resp. |[Resp. ||Resp.
Officer | |Officer | |Officer | | Officer | [Officer ||Officer Officer | |Officer || Officer | | Officer | [Officer ||Officer
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Planning- and controlling tools in combination with work breakdown structures
(WBS) and different data flows.

Controlling

Example: Functional Concept of Financial Planning- and Controlling Tools

Actions: |:| Monthly approval of plans . Optional monthly planning and/or approval of |:| Monthly Planing |:|Monthly information according
deviations of basic plan to structured input

Management Information System
Dataflow: (for General Director, supervising committees, etc.)

3
Qutput: planning of revenues E

Output: approval

Input:

actual plan, basic plan, actual,
committments, deviations

PC

Output: approval

Input:

actual plan, basic plan, actual,
committments, deviations

Div Head Div Head

Planningstool

Output: approval

Input:

actual plan, basic plan, actual,
committments, deviations

A

A A A

A 4 \ 4 1 \ 4 A A 4 A y A 4 A

Output: planned data

I’nput: | information. SAP Resp. Resp. | [Resp. Resp. Resp. || Resp. Resp. Resp. || Resp. Resp. Resp. || Resp.
:pfrova Information, - Office Officer | | Officer Officer | | Officer| | Officer Officer | | Officer| | Officer Officer | | Officer| | Officer
ata
) 7y ) 7y 7y 7y 7y 7y 7y 7y 7y 7y

Actual data of orders (monthly), purchase committments and budgets

ERP (e.g. SAP) 18
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Action oriented work breakdown structures (WBS) are the basis
... also for counter steering.

Controlling
Example: Comparison: Plan vs. Actual (weekly updated!)
MS-Project file with detailed WBS with linked tasks and completion data.
abge |Vorgangsname I
-schios [ |l Oktober 2011 [Novemk
e 13.[16.]19.]22.125.125.|01. |04. [07.]10.[13.[16.[19.]22.]25.1258.]31. |03.
100% =l Endfertigung WT e e :
100% Hartlétung (Kupfer-Edelstahl mit entspr. Vorberetung wie Edelstahlfolie) 5 :
100% Halbrohre, Balge und He-Einlassrohr Schweilen
100% LecktestiDrucktest (TUV) und Druckabfallmessung
100% Sensorik, Vakuumrohre, Endlecktest
100% WT fertig
9% =] Zusammenbau
75% Sensorik (TVYOs warmes Ende) montieren
50% Warmetauscher + HTS Trager l6ten
0% HTS-Teil und Kalter Kontakt [6ten
0% Sensorik
0% Vakuumrohr HTS aufschweiRen, Zentrier-Bleche anbringen : :
0% Lecktest : : o
0% Abdrehen der Flanschsitze ' )

19
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Continuous calculation of plan deviations, automatically, weekly updated

mitigate surprises and allow flexibility. Controlling

Example xyz Company: Deviation variance baseline (budget/actual plan)

Cash Outflow (Total Year)
in EURO

Anticipated under-usage of planned
cash outflow. Observable at beginning

/

of year for total year (analog for total

130.000] 300.000 | 40.000 | prOJeCt perIOd)

270.000| — H
260.000 20000 => Counter action !
| 50.000 |
q“‘ & cf.'\ . {} o 10.000
O & O O O Q)
Q® < Q° & & o@ & @,&
@ ) \3 < S G 9
N é& " \x & & ‘\?.
N & N & &
v.b O & & (o) 4
O O S 4 ()
\Z > N ) Q&
) N L N
g & O
R A ¢ &
> S N\
2° &
Q)"CD ‘QO&OK
Q O o
Q\Qg.
Budget Delta Budget Adjusted Delta Adjust.| Forecast = Thereof Thereof Thereof
Budget Budget/ Actual (YTD) +| Purchasing Forecast Actual
Forecast Forecast (Rest| Orders
0. year)
270.000 30.000 300.000 40.000 260.000 200.000 50.000 10.000
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Quick, easy and comprehensive reporting systems automatically generated:

the basis for steering and counter steering. Controlling

Output-Examples for Management Information System

berc Avvgmomnpiarnsy Groderms

Outoun samvessianung

> ”
s ‘// /// el e —

Customized project plans and

overviews 7 Deviation analyses 7 Plans (monthly, quarterly) 7

T P grati Eamed Vi ser
. Automatical generation on
R s S the basis of structured, fixed _ = B
o inputs Wished detailed analyses: e.g.
Overall project view 7

Earned Value 7
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Procurement

Situation (7):

» The project needs leading edge products, which can be delivered only by a very
limited number of suppliers.

> First of its kind components, technologies and production methods are specified not
as detailed as necessary.

» The project is expecting that the supplier is delivering the ordered component or
service on the basis of the agreed specifications in time, in cost and in the expected
quality. Surprises occur ...

HAMIRI
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Procurement

Key Factor 7:

» The responsibilities of all suppliers for deliverables must be contractually fixed in a
detailed way based on detailed specifications and drawings.

» The project must have full access to all relevant information on a daily basis
— technical
— financial (probable exception: in-kind contributions)
— schedule related

» The same planning and controlling tools should be applied as internally (technical,
financial, schedule related, technical).
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The suppliers must be controlled and managed by the same tools as internally
applied (e.g. weekly updated WBS)

Procurement
-
Example: Comparison: Plan vs. Actual (weekly updated!)
MS-Project file with detailed work breakdown structure (WBS) with linked tasks and completion data.

=)

L'EJJ Datei Bearbeiten Ansicht Einfligen Format Extras Projekt Bericht Fenster ?

NEH&QAV 6B F 9 - - @ =9 c5 885 L] @ B | OhneGruppe >R Qg7 L‘Tj@;;i#-v#-=-,'«7Eigb]enden' Avrial »8 z|F &£ U ==

AT R S EESES L

‘Warmetauscher + HTS Trager lten
B (i) abge  Yorgangsname |
jchios |l [ Oktober 2011 [November 2011 [Dezember 2011
e 13.[16.[19.[22.25.]28. |01. [04.]07. [10.[13.[16.[19.[22.[25.[28.[31.]03.[06. [09. [12. [15.[18. [21.[24.[27.[30.[03.[06. [09. [12.[1

194 \/@-_1 100% =) Endfertigung WT
195 \/@_-! 100% Hartldtung (Kupfer-Edelstahl mit entspr. Vorbereitung wie Edelstahlfolie)
196 «[% 100% Halbrohre, Bélge und He-Einlassrohr Schwveien
197 ,/% 100% LecktestDrucktest (TUY) und Druckabfalmessung
198 J% 100% Sensorik, Vakuumrohre, Endlecktest
199 |y 100% W fertig
200 [:éb 9% =l Zusammenbau
2Mm 75% Sensorik (TVOs warmes Ende) montieren
202 [% 50% Warmetauscher + HTS Trager léten
203 % 0% HTS-Teil und Kalter Kontakt léten
204 |2y 0% Sensorik
205 % 0% Yakuumrohr HTS aufschweilen, Zentrier-Bleche anbringen
206 0% Lecktest
207 [:éb 0% Abdrehen der Flanschsitze
208 [% 0% Aufharzen der Flansche
209 [% 0% Isolation zwischen den Yakuumrohren schliefien
210 [% 0% Lecktest + Paschentest der Rohrisolation zwischen den Flanschen
21 0% Schieifen und Vergolden
212 0% “errohrung kalttes Ende schweien (TH)
213 0% Sensorik RT Ende fertigen
214 0% Lecktest (Fuhrmann)
215 0% Puffer e%
MR nos Crvbin 6w Mardmmm wmib 1 wmwmmlal immbadimnl
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Suppliers must be managed by in process control, operational milestones must

be monitored weekly/monthly.
Procurement

Example: Generic milestone trend analysis (MTA)

Report date
Q > > > > ® %
N N N S P
Q B 3 \ v ) S S
Aug-08
Jul-08 x
\
2 % v ” ></ % y .
I Jun-08
0]
5
v May-08
Q@
= Obtimistic olanni
Apr-08 ptimistic planning
Mar-08 =X=Good planning

- Feb-08
25
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Deviations (technical, schedule, cost) occur all the time: Counter steering
behavior together with effective tools and processes is mandatory.

e.d.: Design & Engineering: Procurement

Difference between “planned” (green) and “as-built” (red) data

Example: Superconducting joints
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Governance

Very important: Even running projects can be stabilized! Management

Just do it !!

Example: Megaproject: Planned start of commissioning

Milestone-Trend-Analysis
y INTECH acting as an active project tutor

NV N\

Reduction of deficits > Schedule stabilization

2012
o
£ 20Mm
g 2010
® INTECH Audit:
g 2009 - Project deficits
£ 2008 - Revision of schedule New Scenario
S 2007 V realistic,
S not optimistic
S 2006 P
t
8 2005
7
E 2004
c 2003
T
o 2002

2001

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year
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Outlook:

» All project members are confronted day by day with many different problems ...

» ... nevertheless, these project members will create a leading edge Research
Infrastructure of which the scientific world can really be proud !
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For further information:

Dr. Wolfgang Meissner

Tel.: +49 172 3800261
meissner@intech-gmbh.de

INTECH GmbH
www.intech-gmbh.de
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