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Global aluminium and renewable energy company

Our purpose is to create a more viable society by developing natural resources into
products and solutions in innovative and efficient ways
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Hydro Alumimium Metal, Bauxitt and Alumina and Energy

SAP PM data
3500 Users
400 000 notification/year

700 000 work orders/year

7 stand-alone remelters
2 in the U.S.

5 in Europe (UK,
Luxembourg, France, Spain
and Germany)

Alunorte alumina refinery

e 6.3 million tonnes

Brazil

Albras (100%): 460,000 tonnes
* Hydro owns 51%
Alunorte alumina refinery

6.3 million tonnes
Paragominas bauxite mine
9,0 million tonnes

2.3 million mt is consolidated capacity. Slovalco and Albras are fully consolidated, Tomago and Alouette are proportionally consolidated and Qatalum is equity accounted. Neuss, which is a

Primary

2.3

million tonnes

Remelt/Recycling

0.9

million tonnes

part of Rolling, is not included. 0.9 million tonnes includes stand-alone remelters, recycling facilities and additional casthouse capacity at primary plants.

Norway, 1,125,000 tonnes

» Sunndal (100%): 405,000 tonnes
 Ardal (100%): 195,000 tonnes

» Karmgy (100%): 270,000 tonnes

* Hgyanger (100%): 65,000 tonnes
* Husnes (100%): 190,000 tonnes

Slovakia, 175,000 tonnes

» Slovalco (100%): 175,000 tonnes
* Hydro owns 55%

Qatar, 305,000 tonnes
* Qatalum (50%): 305,000 tonnes

Australia, 75,000 tonnes
» Tomago (12%): 75,000 tonnes

Hydro

8%

13%



Our approach and today's agenda Hyafo

~—

One smelter,
One remelter strategy

Capability Tools



Unlocking further potentials, creating econofayale 2,

One-smelter
system
\g/

Standardize to realize scale

Common processes

Common organizational structure

Hydro in Norway Alba

Common roles and responsibilities

1.2 million tonnes/year 1.5 million tonnes/year
Y Y Common systems and tools



Great potential in working across the plants in developiner
maintenance strategies i?

==\ DOWMNSHOP
CONDUCTORS

« RCM is time consuming and
competence intensive activities. But , e
should form the basis of our reliability S o TROLLEY
activities &l :

 Example - Hydro in Norway has 150+
overhead cranes

BRIDGE

GIRDER BRIDGE

IDLER

* The cranes have the same failure FESTOON
modes TROLLEY
FESTOON
* The cranes should have the same S . .
maintenance activities caBe— | | {comovcTon e
. I BRIDGE
« But different context and use makes ROPE DRIVE
the risk profile different for each crane Cg:g% A __BRIDGE _
] w
» Standardized master data and common i @ r o
processes is a prerequisite to realizing ? HooK
economy-of-scale benefits PENDANT



Develop capabilities D

Hydro
Combination of Subject Matter Experts, RAMS engineers, and SAP PM Master data team Q
in cooperation with Digital Production Support
People One Smelter Maintenance System
» Senior Subject Matter Experts Working Approach ®
« HV * RAMS Engineers and SME'’s F 8
* Mechanical infrastructure ggg?}?;gate on maintenance o« o
* Crane -
. Aut tion  RAMS Engineers convert
utomatio maintenance analysis into 5
preventive maintenance program
. - and adds on elements from Digital
8 MSc RAMS Engineers Maintenance Toolbox to support PM ¢ . ¢ o Frimary
program with Online Condition- e Recycling
based Maintenance ° e 05

« 8 SAP PM specialist handling
Master data across all plants (HAM) + SAP-team implements preventive
maintenance program with
Checklists in DMW-App

* RAMS Engineers create SAC report
to follow-up result across all sites

Asset

* Roll-out to all sites



SAP development a part of the digital e
transformation

/
X
Increased speed of Industry 4.0 development from 2017

2009 — BANEENRSliidid il

ECC
SAP on Autom. upgr. to
SAP on remelters
in EUR & US Energy. Pl report. . S/4 Hana . ASPM. °
1999 2004 2008 2009 2013 2017 2018 2019 2020 2021
® © 0 00 0 0 00O 0 0 900 0o 0 000 00
{ Graphical Work
{SAPon4 “ Kurri ord:r seheduler - SAP on plants DMW Central
: Smelters (NO) - Kurri  (Prometheus) ¢ in Brazil Apps - Launchpad
EAM - SAP

- check list  Analytics
- from SAP  Cloud



Easier and more intuitive user interface with Fiori D)

Transferring from GUI to Fiori

OOOOOO

Find Maintenance
| Notification

Maintenance Order Confirmation

Find Maintenance
Order Confirmation

Cancel PM Order Confirmation

Hydro

X

&R Advantages
* Browser-based
* Mobile-friendly

Easier to navigate
Customized to the different roles and users

Benefits

More employees creating notifications

Better communications between maintenance and
operation

Improved planning process



Increased efficiency through used of mobile solutions,?

ydro

Converting to SAP S/4 Hana and Launchpad increases the possibilities to use more X
standard but customable APPs

Easy entry of notifications/maintenance requests

Work order handling: hour posting and confirmation

Personalized view of work orders

Easy access to technical documentation linked to technical object
Good search engine for spare parts, and material

Implementation of electronical inspection check list

Display PM Order (IW33)

Cancel PM Order Confirmation

10



Using Check list functionally increase the effectiveness an

traceability of preventive maintenance H°
U 4

From To
|
< SAP DMW Order Q AJ
@ checkiist 140500026253 o x 1. Direct link to notification

2. Each inspection point is
verified (sign)

v—| Functional Location ID: 80051971

v -

(5 3. Recording of measurements

Description: HYDRAULIKKANLEGG FOR INDUKSJONSQOVN A

4. Direct access to latest

Checkist (3) B measurements and trends
SRR R Minihiax Lostrestlt - Result P S 5. Easy to evaluate preventive
Brakett verfty as described in x Tom Saga maintenance tasks

0. . .

the upper corner

| (4] 6. Large potential in
repinic T " oszmzzasooc AHfed o o x common/master checklist

11



SAC integrates, process, and analyzénteal P

information and provide valuable insights for all users X
Challenges The Solution
N Countless spreadsheets

Time consuming task to update reporting

@g Dependent on deep insight into SAP PM to
develop reporting.

S8 Large amount of data unused



SAC integrates, process, and analyz@nteaiformation 2

Hydro

and provide valuable insights for all users X

@ Flter- UKE (1) D)
Status Gule Kjoretoy (Unntatt tappevogner) Hydro

Subhe

| ﬁ/\m!\m’ e ,.,,mmf’/\ M««

USls 2. [V] SR T ol A LV VA Vi A e P

Gule Kjoretey (Unntatt Tappevogner) - Ordrer og varebevegelser

RAPPORT FILTER

& & s & Ordrer generert i utvalgt uke Faktisk kost i utvalgt Uke Kost fordelt pa Z002 o Kost Varebevegelser i utvalgt uke Kost per Kjoretoy i utvalgt uke
e g g g P 9 g Ig per Kjeretoy g
FETR 2001 ok | 1 Filter | {}
NOK46,840
SPC INSP 1 !
per 49 NOK347,041 Forebyggende vediikehold NOK1 52 644
Actual Cost NOK300,202 J
Nr of Maintenance Orders Korrigerende vedlikehold ~ GM Amount

Kostutvikling

Actual Cost per Order/GM Cost - Posting Week

g
§ o - 14}
S 5
—

Arsakskode
Antall feilmeldinger i Antall INSP Antall VAKT Antall Hasteoppdrag Paforte skader Top7
utvaigt periode ikke tiloranet |
8 11 19 Péfort skade sitasie I o
P NP VAKT Hasteoppdrag ke pavisei I 5
4 B e s .
~ D
spc Hydro
SPC VAKT per Uke SPC Hasteoppdrag per Uke
& D
Hydro

Solution / Benefits

Common solution Across sites. Generate reports
on standard maintenance activities across common
asset

Based on solution we have both an analytic
workbench were “all” data is made available but
also a standardized information portal.

The analytic workbench gives an “infinite” basis for
analysis and new tools.

The information portal with SAC gives larger
portion of the organization easy access to prepared
reports.



ainfan 1

Integrating SAP PSS platform CERES 2.

Notification

/

Temperature s increasi jate why this o

Standard*
Filtered By (1): User Status

Maintenance Notifications (65) Henderson

mem g Notifications

[] Notification Notification Type  Technical Object e Eodired Main Work Center e a
; Common Utilities ASU, ~ PM Sunndal
Okende vibrasjon Main SJBVANNSPUMPE 1 . 2008
O ! R:IT;;S(HZT) (50260505, 20.092022 27.09.2022 Oper..and Maint.. D8V  Primary
Measurement e e
Anode Plant AAK, PM Ardal Primary
Brenner 3RTO 1
O 'F‘::":“;“f("zi BRENNER 3RTO1(80152762)  20.09.2022 27.09.2022 Operations and Maint. Production Ar 2
Documents e T
Hoyt difftrykk Maintenance FILTERANLEGG BADKNUSERI Potrooms ASU P Sunndat 19.09
[] (35mbar) e 06 CROVRENS (B0265671 19.09.2022 26.09.2022 Operations and Primary
24504666 equest (Z1) ROVRENS (80263671) Maintenance (D&Y ELYS)  Production (ASU)
. e . PM Karmay
Okende gassing Maintenance ~ ET-4401 LIKERETTERTRAFO Potrooms HAK, Rectifiers 16.09
' o 24501639 Request (71) Laa KTP (80063312) 16092022 19.09.2022 ey Primary

Production (HAK)

SAP PM

Measurement Documents: Measurement Document ... v Search

Master Data §

Measurement Documents: Measurement Document List

Orders < e

98 N/A 414

= T Y Graphic Measurement Document Graphic ~Measurement Document  Measuring

- iment Measuring point  Date Meas/TotCountrRdg _ Unit Text
ﬂ-— v ! = i M eas u re m e nt 106043 12.09.2022 10460 Hur Automatisk avlesing timete
106043 30.08.2022 10333 Hur service 4 uker
D t 106043 24.08.2022 10272 Hur Automatisk aviesing timete
OCU m e n S 106043 18.08.2022 10214 Hur Automatisk avlesing timete
106043 20.07.2022 10117 Hur Service 12 uker

Notifications N

14



Digitalization is about using technology to renew, simplify
and improve X

SAP Status Gule Kjeretoy (Unntatt tappevogner)

ASPM e
Antall fedmektinger | Antal INGF Antall VAKT Antall Hash eoppdrag Piforle skacer ot

vrvasgl penoce . I
! 8 1" 19 Fidor shade e
SAP . B8 o om W e
ASPM Florl Apps DMW App % mse vkt X Histeospinag p:.:: r.
Subheader - Description Ay
. of Notifications: per Teknisk plass
Organization Asset Risk level o ke srmeton, I—
performance rescnpliion —} s —
Ceres gt —l T —
owsovoonrencons [ © vout I 1
rusorevooy 1205y [N 2 Fuscer [N >

ancoeTanseonrerz [ 2
anooeTRANsPoRTcR s [ 2
anooeTRanseonTen 7 [N 2

omasavocnTsoss [l 1

eoceaer 13050 [l
oxsovoon vencon s Il
osxxevoonsencon [l 1

Need for Technical Technical
resources <4 Digitalization - > condition cost

Cancel PM Order Confirmation

Support .
documentation \ 4 SAP Technical

[Technical analytics availability
archive

15



Digitalization is about using technology to renew, simplify
and improve %

Challenges
Requirements __~ Maintenance Planning& : « Variations in maintenance
d targets Program Schedulin xecution
and targ g g SAP processes across plants
. ASPM and units.
SAP _ _ -
AspM  FloriApps  DMW App «  Some technical WiFi and
Organization Asset Risk level 4G coverage
rf
A PO « Change management
Need for Technical Technical * To “fast” implementation
resources D it Digitalization - > condition cost of checklist
* Make or Buy
Support : .
documentation v SAP. Technical .
Mechnical analytics availability * Link developer/owner and

archive

users

| | Improvement <

————————— offorts Analysis 4 Reporting

16



Challenges RCM and FMECA D

One RCM analysis with implementation of maintenance activities on one asset gives little effect
scaling is the key

EEH Several hundred spreadsheet

~ No link to maintenance task in SAP PM

A No updates of initial analysis when updating
maintenance plans

- Over time no documentation and link to initial
analysis.

»~  No possibility to scale across equipment and
**  plants

17



Digital platform for FME(C)A/ RCM analysis )

Hydro
Main digital benefits:

— Connect FME(C)A/ RCM analysis across plants and assets.

Make FME(C)A/ RCM analysis more user friendly, structured and facilitate collaboration.

A step towards analytics and automatic work order generation when failure modes and
maintenance tasks are defined in a digital platform. Analytics can also give information back
into FME(C)A/ RCM analysis.

'.
(\l Easier to update with new failure modes, deviations and errors.



ASPM experience D

Hydro

The solution is a step in the right direction, but for the sole RCM-purpose there are still
some improvements needed

» ASPM not synchronized/harmonized with SAP S/4 PM (ie statuses, catalog profile ...)

Make FME(C)A/ RCM analysis more user friendly and structured

Traceability of the analysis linked to Technical objects, version control,

Not possible to create templates for maintenance objects with a pre-defined breakdown in functions and failure modes

With no templates, it is not possible to achieve the scaling on similar equipment across sites

Test 07.03.2022 Context Information (=
RCM.NHY.1
Location: Assessment Template: Status:

© BRO TRAVERSKRAN NR 2 2X25 TONN KTP AT.NHY.3 Unpublished

—E—

~ Object Hierarchy

Functions (6) Qoo Functional Failures (2) Q  ee Failure Modes (1) Q  oee Effects (1) Qoo
1 -] 1 (1} £ (] 1 @ ®

FN.NHY.2 - Traverskran - A vertikalt lofte og senke - Strem/styring > FENHY.2 - Lofter/senker ikke i det hele tatt - Kabel > FM.NHY.2 - 0002 - Brudd EF.NHY.14 - Kabelbrudd (sprekk i isolasjonen) -> mister stram eller signaler ->

5 : ¢ ; ;
© o - e ooze et Stopper heisverk. Worst Case - kabel til krysserigg.
Type 3 @ 759.38

2 2] 2 1]

FN.NHY.3 - Traverskran - A vertikalt lofte og senke - Girboks > FF.NHY.1 - Lofter/senker ikke i det hele tatt - Frekvensomformer >

©

E Alert
3 (]

FN.NHY.4 - Traverskran - A vertikalt lafte og senke - Trommel >
4
4 ]

FN.NHY.5 - Traverskran - A vertikalt lofte og senke - Motor >
®
5 ]

FN.NHY.6 - Traverskran - A vertikalt lgfte og senke - Hoved-
stramforsyning

©

~ @ EFNHY.14 - Kabelbrudd (sprekk i isolasjonen) -> mister strem eller signaler -> Stopper heisverk. Worst Case - kabel til krysserigg. &

Information Consequence Evaluation Risk Assessment Recommendations Notes



Scale across assets and plant is a key success factorH%O

Experience has shown scaling RCM analysis across plants reduces effort significantly

® Template CO”SlSt Of LG : 59 L34 / LIKERETTERANLEGG L34 1360V 36KA 17 <
« Technical object structure

« RCM template
* Functions
» Functional Failures
 Failure Modes
 Failure Effects
« Recommended Actions

e A\ Daily Steps. & Monthly Steps & Yearly Steps
[

13)

a Key Operational Data

« Template for monitoring solutions

20



HAM’s holistic approach to Asset Management and Djgita
Transformation

Industry

/— Assets ﬁ

-~ Templates =~

FLOC & Asset Criticality

Build

( )
I . Y
I[ Asset Hierarchy  |;
| |
i |

|

|

\ 4

1

1 N
| FMEA templates |!
1 (ASPM)

1

]
]
]
\ 4 !

|
|
|
|
|
|
]

|

| : L
| On-line monitoring
|

\

|

[

i ]

{ Master Checklist. }/
|

[

\

J

Asset Register FMEA-RCM

‘ 8 SAP PM Supported

Ceres/ Digital
Maintenance Toolbox

Asset performance
Monitoring

- - -

Asset Reliability

strategy On-line monitoring

Maintenance Task Maintenance
list Plan/ltem

Work Order Work Order
Planning & Execution &
Scheduling Closeout

Work Order
Generation *

—-—— —

1
1
1
[}
oo Material & MRO Inventory Optimization- - - - — — — S :
1 1
1

| | Material Logisti '
I { Critical Sparing BOM / Inventory Stock Holding H a(i:':&c;%s) o8 Rel\sA::\?arllt?;ns i

|

N oo o oo oo oo o o o o e o o o o o A T T T T s s e - ! E
1
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Are we able to close the loop ? D

Hydro
To be continued

Assets @ SAP PM Supported

Ceres/ Digital
Maintenance
Toolbox

Asset Register

oo T mm Emm o = e e = = = = = e

— o - o

\
)
|
1
1
|
|
1

Templates &7

| 4
1
| }
|
|
1
1

/

\
I
|
I
J
}
1
1
1
1
, \ |
: ) L ' Material Logistics Material :
: Material & MRO Inventory Optimization | (PR & PO) Reservations !
/ |
1
1
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Hydro

Industries that matter
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