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Martin Kurdve

¢ Docent,
Forskare, projektledare, coachi
Produktionslyftet och omstallningslyftet

» Hallbara produktionsystem, Cirkular
ekonomi, Resilienta leverantérskedjor

* RISE division Material och Produktion,
enhet produktion och arbetsmiljo
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Hallbar utveckling

“Utveckling som tillfredsstdiller dagens behov utan att dventyra kommande Dr. Gro Harlem Brundtiand
) former PM of Nom._ay,
generationers mojligheter att tillfredsstdlla sina behov” Bruntland Rapport,1987 hlwempgiost i comiisglon,

(United Nations, 1987) Socialt

ansvar

INGEN INGEN 3 GODHALSA OCH 4 GOD UTBILONING 5 JAMSTALLDHET RENT VATTEN OCH
FATTIGDOM VALBEFINNANDE FORALLA SANITET FORALLA

Tvidid

"Utveckling som
tillfredsstéller dagens

ARBETSVoR 10 ik behov utan att &ventyra

OCH EKONOMISK

Tw
4

13 BEKAMPA KLIMAT- 1 4 HAV OCHMARINA 15 EKOSYSTEM OCH 16 FREDLIGA DCH 17 GENOMFORANDE
FORANDRINGARNA RESURSER BIUI.[]GISK INKLUDERANDE OGH GLOBALT
MANGFALD SlMIlilLEN PARTNERSKAP

kommande generationers
modjligheter att tillfredsstélla
sina behov”

M”jé Ekonomi

och klimat

for héllbar utveckling

United Nations (1987). Our Common Future - Brundtland Report. Oxford University Press.
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Utokad social
hallbarhet

AI-Ic":llbc:r produktionsiedning

HéHbaraprodukﬁOQ§$g$en1-GreenIean—industHeHhéHbarutvecang
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IF6retagsledning
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Beaktar effekter i alla livscykelfaser

Livscykelperspektiv

Energi
Resurser
ramaterial verkning Transport = Anvdndning =
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I Utvinning __ Till hA;antaelrlisn I
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Avfall l l l l l
Biprodukter




Jamfor Livscykel

Energi

Vatten lé Utslapp lé l%
Resurser
ramaterial verkning gy VTCUSEORE  pug GAVETCGEGE] g hantering
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: Utvinning [ Till- Avfalls-
|
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Avfall l l l l l
Biprodukter
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Resurseffektivitet:
maximera nytta/input

Minimera mdngder
och pdverkan fran insatt
energi och material

Energi

Maximal nytta

Material in

Produkter ut >

Minimera
farlighet och mdngder
av restmaterial

inimera bdde produktivt
material och
processmaterial
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Typexempel energiforbrukning
g .

* Vardeadderande energi 1/10

« Tomgangsforbrukning 3/10

* Kyla, ventilation etc. 3/10




Trlckluft

31.00
0.0
20,00
2600
2r.00
26,00
2500
24.00
23,00
22,00
21,00
20,00
18,00
15,00
17.00

16,00

Kurdve, M., & Wiktorsson, M. (2013). Green performance map:
visualizing environmental KPI’s. European Operations Management
Association (EurOMA).
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Ineffektivitet i
enhetsoperationer

*  Tomgangsférbrukning

+ Overdimensionering
— Strypning av 6verskottsenergi
— Kylning (pga varmeforluster)

— Ondodig rorelseenergi (egenrorelse)

» Periferi:

— Infrastruktur
(t.ex Tryckluft, hydraulik,
transportsystem)

— Stodfunktioner

Mdiller, E., Stock, T., & Schillig, R. (2013).
Dual energy signatures enable energy
value-stream mapping. In Advances in
Sustainable and Competitive
Manufacturing Systems

Ready; | Processing: Running CNC program - start to finish '(B] ) Stand-By; f
i T

| dlaor 1 value-adding: chipping with miller T door open |

| rose @12mm, BlEmm Do ;

® — - |

I 1

Operating Stand-By;
states of door open
the milling
machine:
i power peaks during tool I
8.000 -+ . a J
H change due to
7.000 i acceleration or recovery
z |1 ofenergy while braking |
2z 6000 + B & i
g —
2 so00 '
L E :
-E 4000 4 :
g 3.000 1 i
2,000 1 :
i i
1.000 4
| |
0+ ! f
[ 1D 20 30
-1.000

production- walting irclcmhcpan,
process:

ifar clear-! clamping, close the

ance | door; movement
i

! progr- |
salect; 1+ changa, 're-

! Bﬁinm.

I -zEnem value-adding: E,, =10Wh |

! E | ¥ Energy non value-adding: E_ ,=116Wh |

|
a0

]
i ' : !
| &0 1 90 | 100 10 ;10 130 1 150 150 Zeit[s]
: H | ! . H : Ul 1
H . H H . ' H I i
| 100l ::hip 1+ feed motion, ichip | feed motion, ichip | feed mo-  bpent unclamp, take |
i [ e ! !
i ) | tool change, |re- | toolchanga,  re- ! tion, ool ite L the part off, 1
Start 1 feed imoval | feed motion  !mowval | feed motion | moval | change I-,o-: base position 1
| " ' ' | , ' - —

| 3 time value-adding: t,, =25sec |

| 2 time non value-adding: t,,, =135sec |

Figure 3: Dual energy and time signature of a chip removal process.
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Materialeffektivitet

» Enskilda operationer effektiva

Produktmaterial Processmaterial
* Langa vérdekedjor 1. Kvalitetspill 1. Konsumtionsmaterial
. ) (engangsmaterial)
« Globalt ca 7% material som 2. Processpill
. .. 2. Konsumtionsmaterial
utvinns blir virdeadderande hos 3. Designspill LMHONSMAter!
(flergangsmaterial)
slutkunder

3. Underhallsmaterial

4. Investeringsmaterial
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Lean dr en bra grund for operativt miljdarbete

* Toyota-CO2/producerat fordon 2010

We have a role to exercise in relation to the society. We don't think we can manufacture what we
want to manufacture independently of the impacts on the wider society. Our philosophy is that we
are an integral part of the environment and we are fulfilling a need of society which is the desire for
personal transportation[3]

No.of Revenue No. vehicles T CO2/vehicle | T CO2US$m
Year 2010 staff  in USSm mnfg Tonnes COe mnfg sale
Toyota 320808 22000 8557351 7,334,000 0.86 330
GM 200000 135592 8476192 7,863,406 093 58.0
Fiat SP.A. 190014 72200 2,716,286 2,663,645 098 369
Table 1II. Volkswagen 399381 162851 7,341,065 7,700,000 1.05 473
Benchmarking Ford 164,000 128954 4,988,031 5,300,000 1.06 41.1
Toyota's Honda 181876 120,270 3643,067 4,000,000 1.10 333
environmental Daimler (Mercedes) 260,100 130,000  2410,021 3,699,102 153 283
performance v. Main
competitors Source: Zokaei ef al. (2013, p. 90)

3. Interview with Mr. Steve Hope, General Manager, Environmental Affairs and Corporate
Citizenship, Toyota Motor Europe

N



Toyota Production System

- the answer to the challenge of shortening leadtime and

increase cash flow
7 TPS\

* A necessity to get capital
for economic sustainability

Wi el i

QuALny DELIVERY
| EAMRONMENT SAFETY
| wustmve \ | moka
Corporate EMNATION | THINKING | cenonn cenpumsy
o OF WASTE PEOPLE
economic TAKLTIME SYSIEH ANDON EOARD
N ' - |

sustainability KANBAN CARD S | poxavoxe

| j

|: HENUNKA KAIZEN  STANDARDISATION

Martin Kurdve 2014

|

N



Toyota Way
- answers the challenge of having humans in
the production system

* A necessity of sociotechnical improvements.
This contributes to social sustainability.

Challenge
Kaizen
Go to gemba
Corporate Corporate Continous
economic social SEprovements
sustainability sustainability
Respect for
people
Respect
Teamwork

Martin Kurdve 2014

N



Green Ledn

= answers the challenge of maximising natural
resource efficiency in a production system

c * Anecessityinalimited
orporate

ecologic world with limited
sustainability natural resources.

Corporate Corporate
econoimic social

sustainability sustainability

Martin Kurdve 2014

N



De 7+1 Lean-sidserierna

Muda is “anything other
than the minimum amount
of equipment, materials,
parts, space, and worker’s
time which are absolutely
necessary to add value to
the product.”

- Shoichiro Toyoda,
President, Toyota

24



Grona sloserier

Vardeadderande

Muda is “anything other

than the minimum amount

of equipment, materials, Ejvardeadderande
parts, space, and worker’s

time which are absolutely

necessary to add value to

the product.”

- Shoichiro Toyoda,

President, Toyota

Input

Output |




Identifiera miljiisliiserierna (miljéaspekterna)
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Kvantifieraommailigt [, Environmental Impact| | ELECTRICITY
2. Amount —m 8819 MWh
3. Cost 4 409 500 SEK

[llustration Kurdve 2011 S



Tva sidor av
samma mynt

Muda is “anything other
than the minimum amount
of equipment, materials,
parts, space, and worker’s
time which are absolutely
necessary to add value to
the product.”

- Shoichiro Toyoda,
President, Toyota
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Miljovardeflodesanalys
+2 Exempel
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Miljovardeflodesanalys

Environmental - VSM

Ett lean-verktyg som
anpassats for att aven
vardera, kvantifiera och
visualisera olika
miljoaspekter i en
process.

Forecasts Production
Control
Raw POs

‘Weekly Schedule

material
supplier
5
Cut Cil Water
Alum Hlec Compr Air
Bec Elec

Quarterly Forecasts
Monthly PO

Pai Compr Air
Bec Elec

Operation | [mip| Operation2 |mp| Operation 3

|l|> Operation 4 |||’ Inspection/

Shipping
) w © e 9 e L e O
Used Cut Gil Waste Water
— e v —
Alum Chips Wvaste VWater Ar Leaks ‘Waste Paint Air Leaks
L. L. L.
Elec Elec Elec Elec Elec
Time 648 sec 72 sec 144 se 72 sec Lead Time = 13 min
5 sec 13 sec B sec 20 sec 3s Value Added Time = 49 sec
Energy kWh kKWh KWh KWh Energy = kWhipc
KWh KWh KWh KWh kWh
Consumables Adum chipa—lbipe Pais h
i e Ie-galimont ’
Cutting oil-galimonth Water—galimanth Airfelimonth Water galmonsh Air-felimonth

Environmental Value Stream Mapping (EVSM) as
Sustainability Management Tool, (2009)
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Vardeflodsanalys = Value Stream Mapping

Current state diagram Future state diagram
Rigorous, fact Creative, Mike Rother
synthesized M. Rother & J. Shook
(2005)

based

® Detailed visual
description of the
current value
stream

k [
Production planning ?%Of‘? days
Company = ; Daily delivery orecas
aily lw schedules
- Company

® Provides a detailed
visual description of
redesigned value
stream

feccccccccccccas

Supplier

[RawMaterial |
1700 miroll {12000Left |}
400 Right
03

Weekly production schedule

Dally delivery \
uesday, ; schedule
hursday
eldingNo ﬁ Despatch dep.

Cutting

5days of \OA1 4600 pcs \0/1 HDU pcs 1600 pcs 01 1200 pcs NeY%| L 2700 pcs
production CiT=18ec__ R 2400 pcs [CIT= 39 sec_1]600 pcs =5t . 850 pcs =5 sec 40 pes m‘é 1440 pes
demand CiO=1 hour CIO=10 mjn W o [Co=0sec ]| -
e [etime=100% | Uplime = 80% Oplme = 100% Uptime=100%
5 days 6 days 33 8days 7 days R days 4 5days L/T:4.5days S
62 sec 40 sec VIA 40 sec

1sec 39 sec 46 sec
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Miljovardeflodesanalys
Environmental Value Stream Map

« Laggtill eneller flera
miljoaspekter

» Ritast.ex pa samma satt
som "tidslinjen”

(EHS)

NN
A\

Milling

2 people

120 lbs

Top line:

80 Ibs

15 lbs

5 Ibs

Materlals Used
by Process

i)

Bottom line:

Materlals Used m 135 Ihs
Materlals Needed m 85 Ibs
Materlals Wasted m 50 Ibs

Materlals Added to Product

Durdng the Process

US, EPA

R
S



Environmental VSM (EVSM)

Forecasts Production Quarterly Forecasts
" Control

Raw material POs Monthiy PO

supgplier r
Weekly Schedule

Customer

Water

Cut Ol Water

Operation | (mp| Operation2 |mjp| Operation3 |mp| Operationd |me ";::;;?::

S \_L%@JL ANg ANg LL';&@ L

Alum Chips Waste Water Mir Leaks Waste Paint Air Leaks
lec Elec lec lec lec

Time £48 sec 72 sec |44 sec 72 sec Lead Time = 13 min

5 sec 13 sec 8 sec 20 sec 3 sec Value Added Time = 49 sec |
Energy ) _kWh kKWh ) _kWh _kWh . Energy = kWhipc

k¥vh kvWh | k'vWh K'vWh | kK'WWh
Consumables [ ] 1 [ R I

Alum chips—lbipc . " Paint=gal'mamh . ]
Cutting oil-galimonth Water-galimontt pir-felimart Water—galimenth S S

Environmental Value Stream Mapping (EVSM) as Sustainability Management Tool, (2009)



Inbound logistics
Material handling, re- :
packaging and transportation :

Exempel energifokus s

packaging and transportation

. Body WeldingLine L .

N I i
- \‘s‘ < } }
I | station 1 Station 2 Station 3 Station 4 Station 5 |
—~ Manual Automated Manual Automated Manual ‘
} welding welding welding welding welding }
| |
| |
********************************************** Boundary ——~

Skala 1:300

o

= & T
4
== ==

N

(Zhang, Y. 2011)



Resultat

Current State Value Stream Map for
Body Shop at Volvo Construction
Equipment, Brads

Item no 11194273 KORG A40E

Production Planning

MAPICS

6 weeks
forecast

Supplier

90/60/30 days
forecast

Weekly Production Schedule

Environmental Targets and Goals in 5 years:

Schedule

777777 A 0030 0040 0050

! Laser cutting ! Tack-welding Robot welding Tack-welding
| Forming | No 1 No 1 No 2

< 2

0060

No 2

Robot welding

‘ Daily Delivery

T N maEm

0070

Customer

Manual
finishing

15 days

production
demand

300 300
250 250
200 200
150 150
100 100 79,72
20,7
s0 g s0
28 17,81
3,07 4,63
o o

Energy Consumption Energy Consumption

Energy Consumption

mVA  NNVA =NVA HVA  NNVA ®NVA HVA  NNVA HNVA

(Zhang, Y. 2011)

17,81

Energy Consumption

HVA  NNVA HNVA

252,7
9

3,05 9.7

Energy Consumption

mVA  NNVA ®NVA

I
3 Q ! Painting |
| Assembly |
[ N
s
600
513,28
500
400
300
200
100 69,44 54,82
o
Total Energy Consumption
mTotal VA Total NNVA M Total NVA

N



ivsmedel

Produktionsplaneringen i Eslov

v L}
Produktionsplaneringen | Oreb/ | Kund

Dagligen|
Brickvikare
. .

A o= s sek Oweini 2012

3-4 gng/v =
Syit - ) | .
A 2:3 gng/v Blandare (x2) Desserto 1 <. | Hamba2 Robotcell Kyltunnel Leverans
_Desserto 1| & L

Gradde A &1 — s A 02 ’ &2
3-4 gng/v 5 C/T = 30 min

Steritank 1 | |.C/T <6sek | 57 C/T = 6,5 sek — BT paad

S O/T = 30 min
Socker
! 1 gng/v

17 dagar [sylt]

1 min. B <25h
S0:min; L _somin. |

Total ledtid
1 min. 19 min. ) 7 dagar 24d.8h. 21 min. 12,5 sek.
< 6 sek. 6,5 sek. 4h 30 min Vardeadderandetid

5 h, 30 min. 12,5 sek.

N




Miljovardeflodesanalys livsmedel

| )
Leverantor

Spill = kartong

-

T Brickvikare |
v

Spill = kvalitetsfel

SRS | C/T = 5 sek |

/

Spill = sylt
_Utkast = otata bagare

Dagltgenﬁ
07

Spill = utgdende datum
___ Fel = kvalitetsfel i produktion

Blandare (x2) Desserto 1 Hamba 2 Robotcell | Kyltunnel Leverans
o 1 P
Ravarulager 1 ™) 1 ‘ A = ™) 2 \ 2
Spill ~ 0 i TIT > | a_ > A > -
e C/T = 30 min C/T = 30 min Steriltank 1 C/T < 6 sek C/T = 6,5 sek C/T=4h C/T = 30 min
Spill = 0 Spill = 5% e Spill = 14% Spill = 0 Spill = 0 Kyllager Spill = 0,9%
Utkast = 1,3% Fel = 0,4%
| |
Leverantor Kund
Oweini 2012 Ee [
oD Minska utkast
T frén maskin Doaghgcnﬁ
Bricvikare { Jamnare batch
| storlekar
. Mindre Anpassa C/T = 5 sek [ Eliminera
ravarulager takten driftstopp
I Minska pa
Blandare (x2) Desserto 1 Hamba 2 Robotcell Kyltunnel |} lager Leverans
= = - =
Ravarulager 1 ot 1 ‘ i A5 o 2 ‘ [ 2
C/T = 30 min C/T = 30 min T C/T < 6 sek ¥ C/T=655sck| W= C/T=4h > A 7 /T = 30 min
- - . Kyllager
Korta ner
stalltider

Minska pa
omstallningsspill

R
S



Miljovardeflodesanalys gjuteriexempel

12 méanads prognos

G/,I/Z Uppdatering 1 ggrivecka

¥(X

1 bracket = ca 1kg

processmtr
energi

10 v. Ledtid

45 veckors
produktion/ar

on/vecka

Indirekt Material(se GPM)
Energi (se GPM o gner \kam

-

¢ 1,667kg/2 brackets
gjot

1krg, ca 75 ka

Gjutning

Planering

‘A— Gradning/Borr

Gangolja, |uftfilter, verktyg, stadutr etc
El och tiyckluft

)|

Prognos 9 ménader

framét. Daglig avrop \ \

plastband (direkt mtrl)
ptiketter?
el till bandare

Bandning

Dagsbehov: 1000/5=200

1-2 gng/vecka

°

foliesedlar

Leverans

-damm FA
A Emulsioner et Deponi
Forp. Atervinning Yannbart/deponi
extern (metalldtervinning etall for ¢ 0-1 pall 1pall

[l _[operatorer 1 Operatorer 1 0-90st [Operatrer 3 90st

Citid sek 71sek Citid sek 105 C.tid sek 120

[ statid min 6 timmar Stallid min ) Stallid min

Uptime 90% Uptime 95% Uptime 100%

Kassation 5% Kassation 063% _|4/630 Kassation -

Skift 3-skift Skift Dagtid Skt Dagtid

Partistorl. 7500 Partistorl. ) Partistorl, 192

6,5 dagar (snitt per &r

Cykeltid:

7.8dagar

71 sek

0,22 dagar 0,45 dagar Total le
‘ 105 sek 120 sek Total

id: 15 d

ar. (8,

rave

R
S



Inlager

MILJOASPEKT t--"”:"‘t Uts|3
Mangd ranspor . S app
kostnad Ener |
= g (luft/buller)
Dieseltruck Ventilation

3,6 m3diesel/ar
Belysning
= Lysrér 28x2. 58W
Mg tackor A
15ton h d e Oppnaportar

. -
Mg kasserade I 1 Eltruck

1korg
\—‘> Risk trafik

Tillsatsmaterial Restprodukter

T T ——
Risk stallningsras
- o —
Emballage trapall plast
Fran 15 pallar

Utslapp
(Vatt leﬂ Trapall

Kembehallare 15 pallar*13 kg

Pr

Mg kasserade
1korg

—
—

Emballage plast Vatten




Gjutning

MILJOASPEKT
Méngd
kostnad

Belysning Tryckluft Ventilation Stoft/rok Oljedimma
3x15 400W
Smérjrobot
Ton L Utslapp
o (luft/buller)
Plockrobot
Klippen 6,7kW
11kW —
Gjutpress
37kwW
Smarjmedel Varme verktyg i
16 ton/helar de 52kW + 10kW PI’OdUktIV
output
material I:>
— Mg gjot Intern AV Brannbart
|::> 17 ton/ar
Av
Skyddsgas SO2 175+75+4ton Blandad Mg FA
1300Nm3 55ton/ar
Skyddsgas SFé Orent Mg-stoft .
720kg/ar Depon:
10 ton/ar
Hydraulolja+ SpillSmorjmedel Emulsionskonc.
vatska slappmedel + H20
37ton/heldr Ut I = 75 ton/ar
S| it . —
SpillHydraulolja Absorbentdukar
Processvatten Vatte n 10 ton/ar helaanl.

(vatten/




Gradning

[ MILJOASPERT | [vmnv-l
Mangd Robot
kostnad I Allmanventilation
Rullband o
Borrning . UtSIapp
Energi
g (uft/buller)
Belysning
Varde- :
Produktiv
adderande
. output
material |:> |:>
Luftmter [ [ Kassation
dimsmor]j
!
2ton/ar

géngo”a Ut I :
S a 7ton/ar
Vatten PP

(vatten/mark)




Bandning

MILJOASPEKT
Mangd
kostnad
e

: Utslapp
=nerg (Iuft/buller)
adderande Produktiv
output

material :> @
I:{>

Tillsatsmaterial

Vatten

—>

Restprodukter

Utslapp

(vatten/mark)




Utleverans

MILJOASPEKT
Méngd
kostnad

Belysning
Avfuktare

arde-

Pall med brackets

rande

material :>
I:{>

Tillsatsmaterial

Vatten

Energi

4
(=

I &

Utslapp
(luft/buller)

Brackets

Plastband

—

[ PallV-emb 21

Utslapp

(vatten/mark)




Miljovdrdeflodesana
Gjuteriexempel

lys (MVFA/EVSM)

Planering Prognos 9 manader

12 manads prognos
f

0 &1

T 0
:8 § :00_6 (7]
o (T [ %
| £ |3
SR N . X X
o —h 55 2UNK

() A

1 bracket = ca 1l
ocessmtr Indirekt Material(se GPM)

energi Energi (se GPM o gheiglanl W
1krg, ca 75 Ka
¢ 1,667kg/2 brackets

ingjot

I

Gjutning

. Atervinning Fannbarudeponi
extern (metal)tervinning

Operatorer 1

Cid sek 71 sek

Staltid min 6 timar

Uptime 90%

Kassation 5%

Skift 3-skift

Partistorl. 7500

framat. Daglig avrop

Gangolja, |uftfilter, verktyg, stadutr etc lastband (direkt mtrf)
El och tiyckluft ketter?
el till bandare

-damm FA
Deponi
etall for ¢

Operatorer 1 Operatorer 3
Cid sek 105 Cid sek 120
Staltid min ) Staltid min -
Uptime 95% Uptime 100%
Kassation | 0.63% |4/630 Kassation N
Skift Dagtid Skift Dagtid
Partistorl ) Partistorl 192

Voo

1-2 gang/vecka

6.5 dagar (snitt per ar 7.8dagar
Cykeltid: 71 sek

0,22 dagar 0,45 dagar
105 sek 120 sek

Total ledtid: 15 dagar. (8,6 utan ravara)

Total cykeltid: 4,9 min= 300 sek




Energiforbrukning

Truckar; 15; 0%

Belysning; 466; 4%

Tryckluft; 389; 3%

Minskningspotential
upp till 50% av
energin till gjutning

= 1/3 av totalenergin




Green-lean material att ladda ner:

Omstallningslyftet: Energi- & Miljoférbattringsarbete | RISE
GPM - Green Performance Map: HANDBOK(Swe) Film
EVSM - Environmental Value Stream Mapping TOOLKIT
WFM - Waste Flow Mapping: HANDBOOK

DVM - Daily Visual Management HANDBOK(Swe)

LCA - Life Cycle Assessment Introduktion(Swe)

Green
Performance

Map

HANDBOK

o

RI.
And mo§.E


https://www.ri.se/sv/omstallningslyftet/kunskapsbibliotek/omstallningskunskaper/energi-miljoforbattringsarbete-martin-kurdve
https://www.researchgate.net/profile/Martin-Kurdve/publication/226711046_Green_Performance_Map_-_An_Industrial_Tool_for_Enhancing_Environmental_Improvements_within_a_Production_System/links/57326a3308aea45ee836449b/Green-Performance-Map-An-Industrial-Tool-for-Enhancing-Environmental-Improvements-within-a-Production-System.pdf
https://sscp.se/scienceweek/program2021/grona-forbattringar-i-produktionen-sa-har-gor-vi/
https://www.epa.gov/sustainability/lean-environment-toolkit-chapter-3
https://www.diva-portal.org/smash/get/diva2:1199453/FULLTEXT01.pdf
https://mdh.diva-portal.org/smash/get/diva2:1484902/FULLTEXT01.pdf
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