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ooperation with:

AZL - Market and Technology Study -
»,Lightweight Composite Structures for menﬁmbH m'=';, e ONVERSITY
Buildings & Infrastructure®: Market

Buildings & Infrastructure will be one of the most attractive Growth Markets |
for Composite Applications

*Market Report AVK 2015

Aachen Center for Integrative Lightweight Production — AZL www.azl.rwth-aachen.de




in cooperation with:

= = Aachen GmbH [ichener Zenm i
Background and Motivation
Backqground: AZL Market and Technoloqy Study (2013 - 2014)
Transportation Qil, Water, Gas Building Renewable  Consumer, Sports, . .
Construction Energy Laisure m Start of project: March 2013, duration: 12 months
o o 'Y =
Market Segments ‘fldg i I>|‘ :L.'t_ 8 = International industrial consortium with 33 companies
. E -~ - 4 — 14 Material Suppliers, 6 OEM, 7 Tier 1/2, 6 Equipment Provider
i e cmiee % Claddng 3 Noioridis b BadmsH “ -
Applications : . Dissmes | Ruughius + Gume T = Hee >
. e Emee - omell e D oon
Identification of
Required
Technologies/
Materials y
= Market potentials (Identification of ,hidden business potentials")
. Selecl._inn orapplica!i?ns _ )
Results e oy J
= Proposal for phase 2and 3

New Request from our
industrial AZL-Partner-Network:

-» Identified 450 attractive components/ applications

within the 5 key segments = New Market and Technology Study with

Focus on ,,Buildings & Infrastructure®:
-» Technology analyses of 50 highlight components

incl. market size and development, technological
maturity, competitors etc.

— Update/ enlargement of component
identification and analysis in this segment

— Detailed technology and supplier analyses
-» 12 detailed business cases including comprehensive — Concept development for efficient profitable

profitability, technology analyses and concept production technologies (process chains)
development for new profitable production chains incl. cost engineering analysis
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Aachen GmbH [ichenerze

AZL - Market and Technology Study

,Lightweight Composite Structures for
Buildings & Infrastructure®: Application Examples

Markets
Market
Segments
(Examp Ies) Residential
A

s |
4
’ I

Underwater
construction

Flexible lon-corr
pipeline joints
components

Applications/ I HM{E %
Roo units Expandable High voltage :
shelters pylons pipelines

Components
(ExampIeS) Ultraslim  Sun
window Protection
frames
i www.azl.rwth-aachen.de

Aachen Center for Integrative Lightweight Production — AZL
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AZL - Market and Technology Study = e By
Systematic Approach Aachen GmbH &umeitwn  UNIVERSITY

This diagram only represents the

Systematic structuring approach:*  Example:
schematic conceptual approach of the

p'
f »Level 0« - Markets K . % market study. The final structure might

deviate due to the characteristics of the
technology fields at hand.
* business potentials are to be found either
in the form of lightweigt components,
" Infrastructure technological capabilities, new materials
------------------------------------------------------------------------------------- FEsTEmsEETEEEE or new services

»Level 1« - Market Segments : .
} Systematic Selection

® Buildings

m Structure for example based on . Process
value-added steps, final products e.g. Residental,
or technologies Water Supply,
Energy Suppl
- Result: »segments« EHASS A
----- ;;I.-.-e-‘.,..e.l--é-<-<..-K.F;-p.-l.i.é.ért-iuo.ﬁgu.-....--....--....---...--....--..-.--v.uuu“u rReq -red
. . - ul i Detailed business cases
[ ] Key. applllc.:atlons and services within technologies, i and technolgy evaluation
the identified market segments Electrical Transmission, materials and |
.. _ i
- Result: »applications« and »services« Water Transmission, services i m Detailed assessment
probably offering hidden business Building Components o . of selected business
potentials** = Identification opportunities
..... »Le.v.els.«.-co.m.ohe.nts..........v. Of key enabling
? technologies, - Overall target:
®m Breakdown on system and component materials or | Uncovering/ Evaluating
level Pipes, Ducts etc. servicesbased | gconomically attractive
- Result: required »components« in order on application/ i and technologically
to address above mentioned business component ' feasible hidden business
opportunities requirements : potentials
1
\ J

Aachener Zentrum fiir integrativen Leichtbau - AZL




in cooperation with:

,Lightweight Composite Structures for Aachen Gmbh hemne
Buildings & Infrastructure: Project Frame

RWTH

2. 6 months
‘ W W W ‘
A -
{ \> A\ A Y\
\/ 2/ 7Y Al
Kick-off Workshop 1 Workshop 2 Final Meeting
October, 2016 Dec., 2017 March, 2017 May, 2017
Kick-Off Questionnaire Systematic selection of attractive Identification of highly attractive market
Segmentation and pilot analyses of applications and components opportunities
segment ,Buildings & Infrastructure” Detailed market and technology Derivation of detailed business cases
Workshop-based pre-evaluation and studies for selected applications and and technological feasibility studies
selection of applications where components for selected applications/ components
hidden potentials are expected Derivation of required technologies, (declepdlvef m?”rlett aﬂd tlechnology
ot materials or services to tap hidden S IYIECTINOlogIc an

Breakdowtnl e ellppllcatlon and/or potential markets 2 economic evaluation, incl. analyses of
Raeficntieve , , , - production cost structures )
Information basis for systematic Information basis for identification of
application/ component selection highlight market opportunities Basis for subsequent prioritization

of technology demonstrators

W



Exemplary Proceeding

From 100 Technologies to 10 Highlights

in cooperation with:

HZ2L /A=

Aachen GmbH fichener Zentum fir

__ RWTHAACHE
UNI VERSITY

Systematic approach:

Definition of relevant

~ | trend markets“

Distribution into

3
Markets/ technology [t St

fields
3] _f Lik Identification of
. aﬂt‘ame
applications

Systematic search
based on specific
search parameter

Identification of

.| currentorexpected

capabilities

..............................................

Derwaﬂon based on

Exemplary results:

»Level 0« - Markets
m Buildings

m Infrastructure

»Level 1« - Market Segments
m Derivation of 12 market segments
m Selection of 6 attractive key market
segments based on pilot segment studies
»Level 2« - Applications

m Derivation of ~100 attractive
technologies/ applications within the
key market segments

m Pre-evaluation based on basic technology
and market criteria

Enablers

m ~ 25 technology analyses including
market size and development,
technological maturity, competitors etc.

»Level 3« -

= Selection of 10 Highlight enabling-
technologies based on market and
technology fit criteria

Aachener Zentrum fiir integrativen Leichtbau - AZL

[ Kick-Off Meeting ]

4 Workshop 1 O

Criteria-based (market and technology)
priorization of market segments

(selection by participants)

\

a Workshop 2 )

Criteria-based (market and technology)
priorization of applications/
components

(Selection by Participants) j

N

Final Meeting




in cooperation with:

Project Team Background: ﬁzeﬁ S R
Competence Campus in Aachen FEUFTIRIIES Wteis

—=\__ The project will be managed by AZL Aachen GmbH and conducted in
Aachen GmbH cooperation with AZL partner institutes

W ZINLS Z Fraunhofer Composite competences and

UNIVERSITY

" cooperation since more than 25 years
Z Fraunhofer

ILT

Ty | RWTHAICHEN N2 g .
A | UNIVERSITY < XA ook

RERONN L
Bz ™SR - Y

INSTITUT FUR
KUNSTSTOFFVERARBEITUNG
[N BNDUSTRIE LMD HARDWERC AN DER EWTH AACHEN

Aachen Center for Integrative Lightweight Production—AZL  www.azl.rwth-aachen.de




Exemplary Proceeding XEIEIDIED FIZL_ 2 remtucien
Stage 1 —_— Pilot Study Aachen GmbH [chener zentrun fi

Market Segmentation

=» Structured overview on market segments within
,Buidlings & Infrastructure, market structure and
overall market volume

Segment Analysis

- Overview on high level chances, risks

- Technology and market trends

high

Segment Evaluation

Market Potential
medium

- High level aggregation of market and technology
intelligence

low

- e - Selection of most promising segments based on
SRR expert knowledge (interviews) and appraisal of the
steering committee

17.06.2016 Aachener Zentrum fiir integrativen Leichtbau - AZL




Exemplary Proceeding ZDEINIED AIZL S rwpciey
Stage 1 — Pilot StUdy Aachen GmbH Agmezies UNIVERSITY

| Solar Subconstruction |

. . l Segment Sub-structure

| Solar thermic - Substructure ] l Buslding mounted Photovol tak BMPV ] lamuung Integrated Photavoltakc BIPV | l mmmmmmmmmmmmm

iﬁ ; I Overview on technology fields within the market
=

pon
sy

System
Separats sy
Berunng
= —
Weather
B prote.

i segment at hand

% gﬁ% Detailed Segment Analysis
]

= Derivation of major challenges within these sub-
segments in order to enable a focussed selection
of growing or developing marketsegments

»Technology Tree«

= Market requirement-based breakdown of relevant
sub-segments into systems and components

= Criteria-based (market and technology) priorization of
applications/ components

17.06.2016 Aachener Zentrum fiir integrativen Leichtbau - AZL




Exemplary Proceeding XIPEDIED
Stage 2 — Detailed Analysis

in cooperation with:

Aachen GmbH fichener Zentum fir

Detailed Description

Value Chain Overview ’=|Zl_

RWTHAACHEN
UNIVERSITY

Fibres'
A

~3Ekg glsss fore

Value chain above changes if other materials (aluminum, PVC, wood) are used

Window frames® «j=
Glazing units and other parts®

Installation of
window?

Window manufacturing’

References

Window frames
rwsswnwe Detailed Des:
=L RWTHCHE
e Windows frames === NVERSTY
Ftei
Ve Chain
AN Detailed Descript
FEL RWTHLOE
e Window fra =
e s —
= S g .uF

Window frames*

S UNVERSITY

Value-Chain Overview

= Connected and/or synergetic technologies within
the value-chain of the component at hand

Visualization and quantification of added value
steps and derivation of future requirements
regarding material, process chains and production
systems

Detailed Technology and Market Analyses

= Detailed Aggregation of relevant technology- and
market-related information

= Executive Summary for quick evaluation

17.06.2016

- Information basis for selection of highlight
components/ applications

Aachener Zentrum fiir integrativen Leichtbau - AZL

2 A=L_RWTHAACHEN
UNIVERSITY



Exemplary Proceeding XIBEINED AIZL S rwpciey
Stage 3 — Business Cases Rachon GeR (et | ONNERSITY

Application/ Component Selection

= Criteria-based portfolio analysis of remaining
applications and components

]
-
=
7}
S
e
-
@
T
©
=

- Final selection of 10 most promising highlight

applications
—
) - Business Case Analyses of selected
“@"“" sy Components
o P, ==
: b s s = = Highly detailed calculation of business cases for the
L RSt —— selected highlight applications/ components

- e 7= = Derivation of relevant required technologies, materials
| i i == and/or services to address these highlights

- Selection of most attractive components for further
consortial projects and implementation

17.06.2016 Aachener Zentrum fiir integrativen Leichtbau - AZL




Exemplary Proceeding
Stage 3 — Business Cases

in cooperation with:

A= A= RWTHAACHEN
Aachen GmbH Mgevnent  UNIVERSITY

Executive Summary - Window Frames
Overview on selected Key Insights

st Qs Procams Chaen

| ) Ratm
£y

Procem Praperties.
~a

Part 1 — Executive Summary

Aggregation of component and process-related
business case evaluations & AZL-
recommendations for further pursuit

Part 2 — Market Summary )

Detailed description of relevant market
intelligence regarding the component &
Overview on relevant competitive
technologies or materials

Market Summary mlﬁﬁ]
Key Insights from the Market Studies ==== UNME
Production volumes and revenues

«  alobal sales for windowsand doorsin 2012: 117 billion €
3x1,

. groweh of 155,7 mil, 3 e
*  hina (world's largest national window and door maricet) will expand its

share of global demand from 27% in 2010 to 29% in 20158

Current market

Comecets windows o Currentoomg =
v . ¢ Competitive Techr
asn * High price co h = Ll
- vaious mate
o
b Profit margin J
iy M + Revenue only —
C e * Highmarging |
= T eonsumption J
Estimate Time | "t amuasss | || GF/Cpomy fomin
= 1500 x 300 mem fae.
SYMNEIEEN | smndit winden o e
IR | e e ot 10 - Ova
Waw appicaees AR il
pomdis dut 10 CLed®wman
RELROR 0f NTEeem WG
— - dererng e per
Magr drismecnd of PP winag 4204
mmirmd el 0 Status-Quo Analysis A= RWTHAAGE
e e e RIS Component Requirements =N
«

. img ther
% 0.5, kNmd)

*  Rasistance against wind forces 0,51, 5 khim)
* Driving rain resistance witi meewassen, (0-600 Pa, 1-8 min)
*  Burglary protection

f | - ooy

| m Status-Quo Analysis ,:|2‘_
Tl Current Process Properties SR UNIVERSITY

1

Diff
+ Cle

i
;
i
i
3

iuéé;ééi

( Part 3 — Status-Quo Analysis

Intelligence on general requirements
regarding the status-quo component (e.g.
dimension, geometry, norms, etc.) &
Overview on the status-quo production
process including its properties and challenges

Aachener Zentrum fiir integrativen Leichtbau - AZL



Exemplary Proceeding A= .
Stage 3 — Business Cases Aachen GmbH ttnk  UNIVERSITY

Sapre emars oo e ] Part 4 — Suggested Alternative R

R I Demonstrator Process Chains
e I“mm‘:%m.m.p:;’m.. = R

Detailed Description of a technologically feasible demonstrator
component based on market requirements also considering potential
improvements in product performance & component-related derivation

and description of an innovative process-chain

AN J

e m“_- m‘ Technological Opportunity Analysis Ea_: -
e e e R Part 5 — Process Design
§‘\§ S Description of the proposed process-
—— —— = chain including process synchronization,
Pm D e machine tool set up and throughput
= analysis

)

Part 6 — Resources ]

o
3 B ) 7
Resources

+ Eautaton baoed on the acy of Michost R LaGack: Putruces Windon: Aeg Migh! Composts Wors, UKL
0 P oF -

2 Vertand Eamster o Famace (amsciatos of Wesoas ame Facasal Femmers onz Taremtramce ditoste Soumissas
Yorumpa. URL ey, S

3 Tremdoma Mara feudy Windons & Doom o 200 - Bemard ard faim Forscamn, Manast Share. Uariat Som Marcst Leades

Amumh“mﬂmmmmMnmww
AatiT Hriee=)

swnmmmmwmw [

& FT Gsaanen Rasares it fae Winasw Trtnauel 20T Preduimssm for e wed Aulenie
T sz Dalng badcre foratceam gegen Veraraiaen

& Fonchungumnin Tt Ra (Research bnptituts Stractunein Fogunds, 812 PROFAKL

& Romew Same, 208 UAL: MTIm Sy remiame comageiede el

M Eomseertans Facrgim sV !mum xn uwwwﬁm‘mw“”
B T R R LEN SpITAtnG M BRI AR v S e

M Banerongremnt s B (Remsare rmint dtaarerm o B 00 BRORAGL
= g WFE 212 Kot e e B

Aty Catirien T b a0 Lakbetans - 331

Aachener Zentrum fiir integrativen Leichtbau - AZL




in cooperation with:

Exemplary Proceeding AL o)
Stage 3 — Business Cases — Cost Analysis B

Technological Opportunity Analysis —
Cost Analysis ! @?%%ﬁé%ﬁ\‘” Part 7 COSt AnaIVSIs
Manufocuring Costvs. Producton Cot v Visualization of relevant
R s s ._._.:;;f.‘f. R dependencies of production cost with P "y
l"*'“........".':........ ue l""""'::r e production volume and material price : Detailed Process Cost |
R Sz il € eference s 1204 . . H
R T —— — for a representative Business Case i Modelling for selected i
£ P — (mass production conditions: 3-shift 24h  Business Cases (Cost, |
H z I I
= T meen . g g, . . o - . .
F.L e | mASEIES o production, 240 productive days, 80% utilization, | 1
g 5 % . etc. — case-specific exceptions) : CyCIe Tlmes) :
=i | § S T a— : ]
i L e — J
FEEELELLSLS s By -
e | Matarial peice €/l ,,.____._T_._________T___\\ /, ”/
era3en Aschinds TAMUTUR ©F VNG LRI — AL - |’ Sensltlvlty Analysls Of : ,/, ,/,,
1 .
. Process Chain for | = e Gres—
| selected Business | P S
; A=U ] _—  x
Cost Analy5|s :,,,m”,:,!\ cases 'l =
N i - [ — e —
AR R G e R SR s //,,—' o =
‘ Scale-Up Scenarios for |, srotexenicer e = f= |
i selected Business Cases | el » e — I
\ }le help L — op = : Owrien
=TT KCaeTp analysis o s o S - . T = o ar— =
\\\ I| it T..:,,. at qupenent {flectrenest . I. = -~ r - [re—— =
~ RTM - Werking Days Per Vear "™ p il eatnny ek s pn £ 3
\\5 RTM - Working Hous Per Dy - : - .f-;" —] _“._.: -E.\ iorkng Daps pes e :w:
S R — -
- rrrh— M =l e
9 O e ==aln 3 e prar e
\': i £ :':l' E £ S Thrisghgus Tiuma 150
—en— ";i_ '::lj :mr:n-w e
T = i S | Sl o
'z a . R :"-T'"'. 3
m Detailed Analysis of the | RS
1 Cost Structure .
\

Aachener Zentrum fiir integrativen Leichtbau - AZL




» Worldwide Market Study for Lightweight Applications« —=\__

Highlight-Segment Evaluation Portfolio

Aachen GmbH

in cooperation with:

A=

Aachener Zentrum fiir
integrativen Leichtbau

RWTHAACHE

N
\
N
L s
Electronics
>
\

Real Estate:

Residential
@ Automotive

Key Parameters

= ' T Y
. Willingness to
Water °"/ = Pr\?ccailltjl(r:rtlg)n _ pay for
N Processmg Unconventlonal lightw eight
— \
© Advertising Market Potential
)
d:) Oil/ Gas Y Oil/ Gas/ Water Advant
i’ Transportation Sto rage Expected Profit b :yo?‘ges
8 Margin lightw eight
L ot S —— . ‘ y
()] — A S
< ‘ ’ Added value by
— ed value by
© Energy - ! Timo-to-Market lightw eight
E Storage | design
!
1 Technology
Potential
Mass Superior
production competing
possibility technologies

UNIVERSITY

medium
Technology Potential

[ Construction
I Consumer Goods

[ Transportation
I Oil, Gas & Water
BN Energy

Aachener Zentrum fiir integrativen Leichtbau - AZL




in cooperation with:

How to read the »Technology Tree« A= A= RWTHAACHEN
Aachen GmbH fichener zemun fi UNIVERSITY
Overall Structure

Segment Identified »System« Level
of interest Chal Ienges Aggregation of components (if applicable)
N basis for the »branches« of
relevant the Technology Tree ~
\ »Component« Level
Sub-segments Wy, I e — I / relevant level for componentselection,
I \Cargolcintainer I I AirAFreightICuntaTner Il /WarehousinglContainer I Stage 2 Of the market StUdy WI” then
11 |31 |12 FER T / T T 10 comprise detailed market anlyses for
v H |58 : i[5 ST - " o% selected components
§2 'i s 2 E.E '_E T f £ é Eg
i | o L
b | e = |l Components
| e — = el e e o~ = -- e e _ .
£ a Iﬂ m a B g |'_:j 5N (pre-evaluated items of the technology tree,
£ it il % =2 = ! evaluation based on 3 basic evaluation criteria
g :] :I i) | indicating significant market potential,
& El for evaluation criteria see next slide)
< 3111 """"" ; """"" —————— Selection and pre-evaluation based on expert R /
g lpr.?é?s‘;’?ng _ , ,,!_w interviews — Highlights indicated by stars .
Eﬁ i = " e = v \
HEs - = s Exemplary A
g ik Enablin : Y 5 1 1
E l?gr;::jologles ][T:zhnolgogios ‘ " PrOdUCtIon TeChnOIogles

list of possible production technologies, that might
enable cost-efficient and/or performance enhancing
manufacturing of selected components - relevant for
Stage 2 of the market study, basis for discussion

Components marked with faded colors indicate that there are either multiple
entries of the same component or that they are considered within another
Technology Tree or that they are not relevant based on the pre-evaluation.

Aachener Zentrum fiir integrativen Leichtbau - AZL




in cooperation with:

= A= RWTHAACHEN

How to read the »Technology Tree« __
Aachen GmbH fieveteme:  UNIVERSITY

Evaluation Logic

Potentials regarding:
(lightweight design,

material properties) Advantages during Advantages for Subjective
()2 (3 M Product Usage Production Product-Experience
[ S _g gs

"

Advantages for Production

Advantages during Product Usag
Subjective ,,Product-Experience’

Elements not relevant for
Evaluation (e.g. no subjective
product value imaginable)
will be left plain white

\

Mechanical

(e.g. increased load capacity,
light weight performance,
lower temperature warpage)

Chemical

(e.g. better corrosion
properties, increased
chemical resistance,
biological compatibility)

Electrical automation possibility, performance gain)

(e.g. tailored electrical possible mass-production)

properties) * Costs Perceived quality
Optical (e.g. estimated performance (e.g. customer is willing to pay

(e.g. tailored optical structure
and design surface)

J

\

Freedom of Design
(e.g. load adapted design)

Manufacturability
(e.g. estimated improved
design/performance by
localreinforcements)

Process

(e.g. shorter cycle times,
increased process robustness,

gain over subsitutional
material/ design going along
with higher margin etc.)

J

Aachener Zentrum fiir integrativen Leichtbau - AZL

\

Subjective value

(e.g. willingnessto pay more
for the knowledge of utilizing
lightweight componentsor
innovative materials, prestige
thinking)

Performance optics
(e.g. customer is willing to pay
more for lightweight design
like optics withoutreal

more for lightweight design
like haptics, customer trust in
high-performance etc.)

J




in cooperation with:

Construction - Selected Segments BEDATEIIE RSt

Earthmoving Lifting Compacting Transporting*

Road/Rail

Considered in Transportation

Considered in Energy and Oil,
Water Gas

***  Considered in Oil, Water, Gas

Water constr. Special constr. Water, Gas™ HVAC Elevator***

Considered in Transportation \

Selected Segment for derivation 19
of a detailed Technology Tree

Aachener Zentrum fiir integrativen Leichtbau - AZL




in cooperation with:

Civil Engineering: Residential achen GmbH LT

Evaluation Logic:

Potentials regarding:

Civil Engineering: Residential

(lightweight design, material properties) l
o c = - T . . T
& 5 v & E 2 Smart/Green Buildin Affordable Houses and Prefabricated Houses Innovative Building Concepts
@ = Y = 3 O
w § € <© I —
= é g 3 £ o — > o -~ - - ca - " 0 » 0
€ 3 o € SE €'s 0 < c = S °3 R ] ] 3 ] ] ]
2 £ g 835 = a £ = 2 © 23 2
T & x 53 co ® 2 = ] T o £ © o © 3 3 3 3
S 5 ' £ S > 5 ° =) = < o E N 2 o [ o
S 5 = < S32o 8 = b 5 ﬁ 2 N < < < <=
o - O (&) =29 = = & 1] £ = o - =
o o 3 > So € [ c = % o ® c o £ c @ <
c U T o =5 < ) = c c Q B s = I =
= O O = 36 = (=) o) © o © 5

S = ) c = ] = > o
S £ a (=) = 7] = @ = ° (s (<] () ]
T € ] o} 2 - 3 @ o @ s
5 8 ¢ E ° 8 S 8 *
g3 ¢ - g 2 5
g < 3§ £ i 2
= —
[ Q Q
> = L
T (%)
< g

ﬁ - @ - ’ f ’

- R - =
ladding as Energy mart housing Intelligent Temporary Fold away Temporary Minimum impact Floating houses Recy cled Modular.
design consumption lighting building houses building houses houses houses '

[ZH3] [THENE] [THZH] [THEHE] ZHE [ZH] [THEHE
Kinetic wind Insulation Control panels O-LED ceiling Lighting Expandable Building Foldable Building Inf ormation Glass reinforced Floating Steel frame Room units*®
cladding integration cladding sheltel . Model cladding pontoons construction
— THzHE] : [THEHE] [TH=HGE] [HEHE] 2}5] THEGH [TH=HE]
(=
L Q
= Air condition Ultrashim ecurity System Roof windows; Tex glass Building set Exterior/Interior Sandwich Loft cube — Steel frame Lightweight ack v entilated Aluminium
o claddin * window . elements houses wall cladding Modular living ion i cladding sy stems®
g— K [THz] (1]
]
o Back v entilated Photov oltaic Wallintegrated lass reinforced 1SO shipping Roofing Door sy stems dular walls andwich itchen- led Sliding walls'"
cladding integration touchscreen cladding container” systems cladding adv ertising panels
[THZ]
Substructure Energy saving mart metering Ultraslim Parking decks Modular walls Blast protection Modular walls™
O cladding* window window
— 7] 4 e N
10 Thermoset T
<) Processing LS | . .
3 k Resin Transfer Moulding' Pultrusion/Pullwinding® Prepreg technologies* TS Continuous lamination”
{=
C = £
1] .
£ S o Thermoplastic AL
- A
GE, Processing
>< g Injection moulding® TP Compression mouding® LFT-Processing'® Reactive thermoplastic'! Tape processing '
w © | SSS—SS—S—S——————————————————_———_———————————————_————————————————————————————————_———————————...—.—._.-.-._Gg——————_——————_————————,,, ey L/
O e — __
el A
q) 3 | Hybrid 7 Enabling &
= Technologies - Technologies
o L g Intrinsic joining™ Elastomer integration'® Metal integration® g Coating techndogies'” Trimming technologies'® Joining technologies® c )
F Y



in cooperation with:

Oil, Gas and Water — Selected Segments NSRBI e

Qil, gas processing

High pressure applications

Conventional oil / gas

NN BN BN DN B B B S -
ey 2

Yy Yuly V"
PR AT

Transportation and Storage are combined in one technology
tree due to large application similarities (mainly pipes and tanks)

Selected Segment for derivation 21
of a detailed Technology Tree

Aachener Zentrum fiir integrativen Leichtbau - AZL




Transportation and Storage of Oil, Gas and Water

A=

Aachen GmbH

in cooperation with:

F=__RWTHAACH
Aachener Zentrum fiir UNIVERSI

integrativen Leichtbau

EN
TY

Evaluation Logic:

Potentials regarding:
(lightweight design, material properties)

u
]
u

m
wW

Transportation and Storage of Oil, Gas and Water

high
(o)

mediu

OnshorePipeline

Offshore Pipeline

Storage for Oil and Gas

Storage for Water

Advantages for Production H

Advantages during Product Usage .
Subjective ,Value-Experience”

Components/ Systems

changes

Lowthermal
ire safe design
fluctuation and

N High mobility of pipes
Saf e operation in
territories with climatic

Fire safe materials

Above-ground - fastenng
strctures

inous ppes wih.
discortious  wall thickness
and dameter

i e
Packagng systems

Onshore pipe. coatings Pieine joints
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in cooperation with:

Unconventional Oil and Gas A= A=__ RWTHAACHEN
. . Aachen GmbH Mgevnent  UNIVERSITY
(Extraction and Production)

Evaluation Logic:

Potentials regarding:

Unconventional Oil and Gas (Extraction and Production)

(lightweight design, material properties) T
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in cooperation with:

Seaw ate r Desal I n at I o n achenGm integrativen Leichtbau

Evaluation Logic:

Potentials regarding: Seawater Desal i nation

(lightweight design, material properties) T
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Technologically similar components are summarized to according groups (e.g. valves)
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Highlights - Residential

Considered metrics Attributes

Advantages during Product Usage: Due to anisotropy — adaptable without propulsion
Easy and light assembly

Advantages for Production: Freedom of design
Improved perfomance by local reinforcement

Subjective Product Experience: Unexpected performance
Aesthetic design

Considered metrics Attributes

Advantages during Product Usage: Easy and fast assembly, less space in transport needed
corrosionresistance

Advantages for Production: Functional integration of connection system
Thermal and accoustic insulation
Local reinforcement of panels etc
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Expandablé
shelter

Subjective Product Experience: Not addressable

Considered metrics Attributes

Advantages during Product Usage: Ease of transport and assembly
High mechanical strengths

Advantages for Production: Freedom of Design
Functional integration

Room units Subjective Product Experience: Not addressable

Aachener Zentrum fiir integrativen Leichtbau - AZL




in cooperation with:

Highlights - Residential FENEIIRT e

Considered metrics Attributes
Advantages during Product Usage: Small frame brighter glass area
similar thermal expansion to glass
Advantages for Production: Functional integration — foam, connection,
Automation possible
Ultraslim window Subjective Product Experience:

Considered metrics Attributes
Advantages during Product Usage: Easy and light assembly, corrosionresistance

Advantages for Production: Freedom of design — archictectural application
Functional integration of e.g. PV wafer

Subjective Product Experience: Aesthetical design

Small frame as subjective value
Customer trust in high performance of material

Back ventilated
cladding with
substructure

Aachener Zentrum fiir integrativen Leichtbau - AZL
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