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i) Typisk jamforelse klimatpaverkan

99 OCH KONST “q

Langre transport Alt 1

Klimatpaverkan

Klimatpaverkan

iil -

Alt 1 Alt 2 Alt 3 Alt 1 Alt 2 Alt 3

m Produktion ® Konstruktion ™ Drift Slutskede m Produktion mKonstruktion ™ Drift Slutskede
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« Ramverk
« LCA och LCCA arintegrerat i den geotekniska processen
* |Inkluderar osakerheter
» Beslutsstod med avseende pa miljopaverkan och LCC i valet av geotekniska alternativ

Berakningsexempel

G Branschsamverkan i Grunden I YRENS

Handledare KTH: Stefan Larsson, Johan Spross, Anna Bjorklund
Projektgrupp: Asa Lindgren, UIf Wiklund

Referensgrupp: Minna Karstunen, Olle Batelsson, Robert Karlsson, Tabita Grondal
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{5 Ramverket forenklat

s

Geoteknisk
design

LCA och LCCA Forbattring Utvardering

Samuelsson, |., Spross, J., and Larsson, S. (2024) Integrating life-cycle environmental impact and costs into geotechnical design.
Proceedings of the Institution of Civil Engineers-Engineering Sustainability 177(1), 19-30
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« Mangder (tex volymer, langder, vikter, avstand)
« Emissionsfaktorer (tex kg CO,e/m3)
e Enhetskostnader (tex SEK/m?)

+ Osakra parametrar LCI

« Miljokostnad (tex SEK/kg CO,e) (monetariseringsfaktor)
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{5 Ramverk utvardering

s

Geoteknisk
design

LCA och LCCA Forbattring Utvardering

Samuelsson, |., Spross, J., and Larsson, S. (2024) Integrating life-cycle environmental impact and costs into geotechnical design.
Proceedings of the Institution of Civil Engineers-Engineering Sustainability 177(1), 19-30
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?éKTH**‘% Utvardering av resultaten

* Flera resultat med olika enheter:

o LCA: klimatpaverkan, forsurning, overgodning, landanvandning osv.
« LCCA: LCC

¢ Sammanvagning: monetariseringsfaktor
* samhallsekonomisk vardering

* Viktningsfaktor
« projektspecifika varderingar

e Sannolikhet att valja “fel” alternativ 0.0 ]

0.2 1
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1.

Integrering

Parameterosakerheter

Kvantifiera osakerheter och
inkludera osakerheter relaterade :
till val av leverantor

Ramverksutveckling i tre artiklar

1 1. Geotechnical design

Client requirements

Standards and
regulations

Other technical
aspects

Geotechnical and

A

hydrogeological
conditions

v

Geotechnical designs, D;

S F— jeimteaneneatnismin et Beeniininianinisninsninerniienninnreiniseiiesansed
+2.LCAand 1 3. Identify and improve
{LCCA '
: 1

1| LCAandLCCA ; , I
i ] . Reduce Specific | | Field and
E : o :rg]tlr’l:rt:ture amount of 22?;?; data of EF, laboratory
! ' P material uc investigation
T 7 T A A
5 " - _ " Yes, reduction measures
1 |Identify reduction Identify
H measures on [ uncertainties —>|Improve‘?
: result affecting results i — Yes, uncertainties
: o
Y PP
14. Evaluation

LCA: qpply Other

monetizing LCCA: apply assessments: | oA,

factor and weight apply monetizing | ¢ Other

weight factor | | factor wy go factor and weight assessments
My, Me, factor M,, wy
Wi, We

v

v

v

| Sum up design alternatives R;

Based on the objectives of the assessment:
decide decision criteria with lowest:

¥ v I 07 v v
| Mean I |Median| | Min | | Max | \—Pr%abm
[ | [ [ suboptimal choice
v

] Final geotechnical design |

¥

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Probabilistic evaluation of climate impact and life cycle cost of geotechnical designs (submitted)

For geotechnical design: D,

Define system
boundary
Goal v

Define functional/
declared unit

€

I. Life cycle

nventory

Quantify activities and

LCA

materials and
determine probability
distribution and
proportions: Q;;, P -

LCCA

1

Determine probability
distribution emission

Determine probability
distribution unit

factor: EFjjy costs: UC;;

v

Perform sensitivity
analysis LCA

Perform sensitivity
analysis LCCA

Assign to impact
category?
gory Eix

'L Yes

Apply characterization

factor: cfy ¢

Results LCA: E;y, El; ¢

Results LCCA: LCC;
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1.
2.

Leverantorsval och kvantifiering av osakerhet

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

' 1. Geotechnical design H

)
: '
i | Client requirements :
i H
1 ]

|

'

LiVSCykelinventering (LCI) Stand?rills and Othertet‘::rtmical iigigggf:glig;f <
° i regulations aspecits o ditions
Asatta sannolikhetsfordelningar ;rv T Ay . | ;
|. Klassificera osakerheten T s
' LCCA \ E ,:
ll. Valja fordelningar och parametrar || teraaicon < s l | e
P skerh = e emeit Change | | garaor £ I:ibe;?a‘::rc;r ‘;
ro pagera Osa er eten ; : superstructure material e uc investigation E
EwEle | tog_ i 1 ‘ ) 0 o
Kanslighetsanalys och rankning av | e [~ +|'_—er5’ i
: measures on uncertaintes mprove? :
reSUItatet ' result affecting resuits No_l Yes, uncertainties '

v

.. , e [
Analys av osakerheten i beslutet y v } ;
| ["LCA: apply Other 5
: | monetizing LCCA: apply assessments: |[pa 1
i | factor and weight apply monetizing | ¢ - Other :
i |weight factor | | factor wy e factor and weight | |assessments | |
vl My Me, factor My, wy '
E Wk We ;
. | Sum up design alternatives R; | 7

Based on the objectives of the assessment:
decide decision criteria with lowest:

i v v v |
i | mean | [Median| [ Min || Max | \—Pr:b__ji'nm 5
: | | | I suboptimal choice
' ¥

E | Final geotechnical design |

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Probabilistic evaluation of climate impact and life cycle cost of geotechnical designs (submitted)

/. Goal and scope definition

For geotechnical design: D,

' ¢ Define system :

] boundary H
i | Goal v

O Define functlonal/ '

declared unit !

(. Life cydle ¥ 7T :

inv;n?gc;c : Quantify activities and H

materials and
determine probability
distribution and

LCA | proportions: Q;, P; -

LCCA

v

Determine probability
distribution emission
factor: EFjj

v

Determine probability
distribution unit
costs: UC;;

v

Perform sensitivity
analysis LCA

Perform sensitivity
analysis LCCA

IR

y
Assign to impact hip
category?
gory Eix

'L Yes

Apply characterization
factor: cfy ¢

Results LCA: E;y, El; ¢

Results LCCA: LCC;
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» Klimatberakning av de slagna prefabricerade betongpalarna.

1/}

* Inte bara “langd installerad betongpale * emissionsfaktor fran Trafikverket”.

Magnus Andersson Tyréns (2026)
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@ Systemgranser betongpalar (SP2)

A1-A3 Production

—

A4 Transport

A5 Construction

B1-B7 Use

Funktionell jamforande enhet: kg CO,e/m pale

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)

Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)

C1-C4 End of life

— — — -l_ — — — b — — I I — — — - — — — - — — — —
) |

Piles |
Joints Tra”:i’t’;’” ©© 113/ |nstallaton —»  Cutting —~{ Use }4{ End of life ] |

_ R |

/ |

Pile shoe Transport to waste |
e [ S
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{5113 1, Livscykelinventering mangder

e
Produktion (A1-A3):

« Total producerad pallangd:
 |nstallerad
e Bortslagen
» Kapad
* Designen —c/c-avstandet

e Antal skarvar

 Palskor

Transport (A4):

» Sex leverantorer med olika avstand till planerad byggarbetsplats.
Konstruktion (A5):

 |nstallation

e Kapning

e Transport av avfall
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{52 1. Livscykelinventering emissionfaktorer

> ool
Produktion och transport (A1-A4):

e EPDer fran sex leverantorer av:
e Palar [kg CO,e/m pale]
e Skarvar [kg CO,e/st]
e Palskor [kg CO,e/st]
 Transport [kg CO,e/m pale/km]
Konstruktion (A5):

* Installation palar (EPD):

e Diesel
e Elektrisk

« Kapning palar
e Transport av avfall
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s} 2, Asatta sannolikhetsfordelningar
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Klassificera osakerheten:

e Background uncertainty — relaterat till kvalitén i generisk data som inte representerar det
tillverkningssatt, produktionsomrade mm. som eftersoks eller ar aldre data.

e Ground model uncertainty — tolkning av jordarter
e Calculation model uncertainty — antagningar och forenklingar i berakningsmodell

« Decision uncertainty — osakerhet i val av tex leverantor

Valja fordelningar och parametrar:

 |dentifiera parametertyp: kontinuerlig eller diskret fordelning.
e Utvardera inventerad data

e Bestamma osakerhetsintervall

 Val av fordelningstyp (i exemplet triangel)
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2-3. Asitta sannolikhetsfordelningar och propagering

Diskreta fordelningar
 Sex leverantorer
Tva installationssatt

Ovriga ar kontinuerliga
triangelfordelningar
Monte Carlo simulering i

Python for propagering av
varje parameters fordelning

samt slutlig klimatpaverkan.

Parameter Symbol Uncertainty Distribution Parameter values
class
Quantity
Piles Qpile Calculation Triangular Tri(494,549,604) pcs
model
Installed pile length Leound = Z L, Ground model  Triangular Tri(L; —1,L;, L; +1) m
Failure ratio Brail Ground model  Triangular Tri(5,10,15) %
Surplus pile length Leut Ground model  Triangular Tri(1.5,2,3.5) m
Joint Qjoint Ground model  Deterministic X L; > 12 pcs
Pile shoe Qshoe Calculation Deterministic Q. PCS
model
Transport distance A4 Dpyq-6 Decision Categorical (1140, 1024, 1030, 1325, 1325, 1131)
km
Proportion driven QAinstall Ground model  Triangular Tri(25,50,75) %
Cut piles Qcut Calculation Deterministic Q. pcs
model
Transport distance Dyaste Calculation Triangular Tri(10,20,30) km
waste model
Emission factor
Pile production EFjile1-6 Background &  Categorical Supplier specific u with
decision & triangular Tri(0.95u, u,1.051) kg COze/m
Joint production EFjoint1-6 Background &  Categorical Supplier specific u with
decision & triangular Tri(0.95u, u, 1.05u) kg CO.e/pcs
Pile shoe production EFghoe1-6 Background &  Categorical Supplier specific u with
decision & triangular Tri(0.95u, u, 1.05u) kg COzelpcs
Transport A4-A5 EFyan Calculation Uniform U(0.01,0.02) kg COze/m/km
model
Installation E Finst Background &  Categorical t (EFnstenr EFinstiesel) € (0.35,0.48) with
decision &triangular  T7;(0.95u, u, 1.054) kg COse/m
Cutting EF - Deterministic 0 kg CO,e/pcs

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)
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(5% Berakning — troligaste varden

s
400000 - B Lfund
B Lp
350000 - B Lo
m Qjoint
300000 - B Qshoe
- TA4
E{; 550000 B Linstan
S . Qu
2 200000 - T
E ) Electric
150000 A 71 Diesel
100000 -
50000 -
0-

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)
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le-5
1.4 4 —— Supplier 1
—— Supplier 2
—— Supplier 3
1.2 PP :
—— Supplier 4
; Supplier 5
1.0 1 —— Supplier 6
208
2]
c /
o /
o
0.6 '
0.4 1
0.2
0.0 : . — . : : —
250000 300000 350000 400000 450000 500000

Elp1-as [kg COzel

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)
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le-5 le-5
—— Supplier 1 141 —— Supplier 1
—— Supplier 2 ' —— Supplier 2
47 —— Supplier 3 —— Supplier 3
—— Supplier 4 1.2 1 —— Supplier 4
—— Supplier 5 —— Supplier 5
—— Supplier 6 —— Supplier 6
31 1.01
2 20.8 1
0 n \
c = \
QU [ \
(a ()] \
0.6 "
0.4 1 |
1 .
0.2
[ . S , . . . 0.0 L ~ : : : ; , —
150000 175000 200000 225000 250000 275000 300000 60000 80000 100000 120000 140000 160000 180000 200000
Ela1- a3 [kg COze] Elsa [kg COse]

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)
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{5 Probabilistisk berakning ranking

s

* Det/A1-A5:2,1,3,5,6,4
« A1-A3:1,2,5,3,6,4
e A4:2, 3,6, 1,485

A1-A3 avgor parordningen men A4
paverkar relativa rankingen i paren

le-5
14 —— Supplier 1
—— Supplier 2
—— Supplier 3
127 —— Supplier 4
Supplier 5
1.0 —— Supplier 6
0.8
0.6
0.4 1
0.2
0.0 - — - o~ —— - -~
250000 300000 350000 400000 450000 500000
Elay-as [kg COze]
le-5 le-5
—— Supplier 1 141 —— Supplier 1
—— Supplier 2 ) —— Supplier 2
4 —— Supplier 3 —— Supplier 3
—— Supplier 4 1.2 —— Supplier 4
Supplier 5 Supplier 5
5 —— Supplier 6 104 —— Supplier 6
2z 208
v [
c c
o 1]
(=] (a]
0.6 4
0.4 1
1
\. 0.2
- : - — - . 0.0 - — - - : - . -
150000 175000 200000 225000 250000 275000 300000 60000 80000 100000 120000 140000 160000 180000 200000

Ela1- a3 [kg COze]

Samuelsson, ., Spross, J., Bjorklund, A., and Larsson, S. (2026)

Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)

Elpa [kg COse]
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Sonead

Spearman ranking visar hur drivande
en parameter ar i simuleringsresultatet. o

1.

2.
3
4,

4. Kanslighetsanalys och ranking

Supplier 1

EFUan

Opn(es

Bfavl

EFpite

.. 1
EF shoe
Emissionsfaktor transport —

Installerad pallangd

Antal palar
Antal skarvar

EF, Joint
El Frnsi

Qinstall

Spearman p electric

Supplier 3

EFu'an

Lfound

J

Qpl(es

Ojom(

Bl
EFpltE
EF,; Jjoint
EFshoe
EFinst
Qinstall

Dwaste

]

Spearman p electric

Supplier 5

EFtran

Ltound

|

Opl(es

Q}omi

H

Bait
EFpnte

]
EFshoe :l
EFjoinc | ]
EFms(
Qinstall

Dyaste

0.0

0.2

0.4 0.6 0.8
Spearman p electric

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)

Supplier 2

EFiran 7

Lfound 7

Oprles 7

o,amt 1

Brait 1

EFshoe 7
EF, joint 7
EFinst 1
Qinstail |
Dyyaste 1

]
EF, pile

]

1

Spearman p electric

Supplier 4

EFran 1

Lfound 7

Oprles 1

Q,amt 1

Brit

EFp:fe 7
EFspce] ]
EF, joint 7

EFmst 1
Qinstail

Dyyaste

Spearman p electric

Supplier 6

EFran

Lfound

Oprles 1

Qjoint 1

Brait

EFpjte

EFinst ‘]
Qinstall |

Dyyaste

0.0

0.2

0.4 0.6
Spearman p electric

0.8
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{5} 4, Kanslighetsanalys och ranking

Sonead

Covarians visar hur drivande en

parameter ar i spridningen i resultatet.

1. Installerad pallangd
2. Antal palar
3. Antal skarvar

Supplier 1 Supplier 2
Lfound Lfound 1
Qpiies ] Opffes 1 :|
o;omt ] Q,omt 7 }
Covariance electric Covariance electric
Supplier 3 Supplier 4
Lfound Ltound
Qpiles :| Qpites 1 ]
Qjoint ] Qjoint }
Covariance electric Covariance electric
Supplier 5 Supplier 6
Lfound Lfaund
Opiles :| Oprfes 1 ]
O;mnl :| O‘mn{ 1 }
-4 =2 0 2 4 -4 -2 0 2 4
Covariance electric le6 Covariance electric le6

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)

Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)
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Kvantifiera sannolikheten att ett alternativ har en lagre klimatpaverkan P(El, < EI})

Leverantor 2 har lagst klimatpaverkan i 84 % av simuleringarna, leverantor 1116 % och ovriga
O % sannolikhet att ha lagst klimatpaverkan.

le-5
1.4 - —— Supplier 1
—— Supplier 2
—— Supplier 3
1.2 1 PP :
Supplier 4
Supplier 5
1.0 —— Supplier 6
2038
(1]
=
7]
(&)
0.6
0.4 1
0.2
0.0 . — . . ——— ;
250000 300000 350000 400000 450000 500000

Ela1-as [kg COze]

Samuelsson, |, Spross, J., Bjorklund, A., and Larsson, S. (2026)
Supplier selection under uncertainty: a probabilistic climate impact assessment in geotechnical design (manuscript)
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« En strukturerad hallbar geoteknisk projektering under osakerhet ar avgorande for att inte
redan | tidiga skeden begransa mojligheten att senare kunna valja klimatsmarta
grundlaggningslosningar som tex kraver storre utrymme.

* Ramverket ar inte begransat av ett fatal scenarier utan kan ta med sig hela osakerheten
genom hela processen och mojliggor iterativa forbattringar.

« Bade samhallsekonomiska och projektspecifika varderingar vags in i beslutet.
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Integrating life-cycle environmental impact
and costs into geotechnical design
Life cycle assessment and life cycle cost analysis for & e St e .
geotechnical engineering: review and research gaps =
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