Att tanka om framtiden

| Bjorn Sandén
Chalmers




”... the gradual exhaustion of the coal fields will inevitably
cause great changes in regard to international relations, in
favour of those countries which are in possession of continuous
sun power”

“The time will come when Europe must stop her mills for want of
coal. Upper Egypt, then, with her never ceasing sun power, will
invite the European manufacturer to remove his machinery and
erect his mills on the firm ground along the side of the alluvial
plain of the Nile, where sufficient power can be obtained to
enable him to run more spindles than a hundred Manchesters.”

John Ericsson, Engineering 13 October, 1870
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5 000 ganger mer solenergi per ar

an varldens anvandning av fossila branslen

MADAGASCAR

French Southern and Antarctic Lands




Den “socioekonomiska” potentialen kan vara
10 ggr stdrre an dagens energianvanding

Teknisk potential

Fysisk potential

. Varldens energianvandning 2013

Varldens energianvandning om tio
miljarder manniskor ligger pa svensk niva

Kalla: Sandén m fl 2014



http://www.chalmers.se/sv/styrkeomraden/energi/Documents/Perspektiv_pa_Fornybar_el_2014_v1.1.pdf













Attraktor

Mot effektivare anvandning av energiresursen

Och andra resurser?

Manniskor (arbetstid)
Material

Inte bara statisk effektivitet
Resiliens



Jordbruksrevolutionen Jord- och skogsbruk
Medelgod ytverkningsgrad

(<1 kWh/m?2yr)

Samlare och jagare
(<0.01 kWh/m?yr)




Den industriella revolutionens
Solbruk

tva akter Hog ytverkningsgrad

Energi, material och kunskap (>100 kWh/m?yr)

Fossila branslen

Jord- och skogsbruk
Medelgod ytverkningsgrad
(<1 kWh/m?yr)



Singulariteten...

Calculations per Second per $1,000

1
Q1

-10

10

Exponential Growth of Computing

Twentieth through twenty first century

Logarithmic Plot

All Human Brains

One Insect Brain

1920 1940 1960 1980

|
2000
Year

1900

2020

1
2040 2060 2080 2100




JOHN ERICSSONS GRAV, Filipsta d. John Ericsson, propellerns uppfinnare, fod- VARMLAND 37
des vid Lingbanshyttan nira Filipstad 1803 och avled i New York 1889. Aret dirpi nedsattes hans stoft STF
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Den tekniska utvecklingens moment 22
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Hog kostnad Liten anvandning
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Teknikinlasning



Den tekniska utvecklingens moment 22

Kan vi ta oss ur teknikinlasningar?



Den tekniska utvecklingens motor!
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Kan vi ta oss ur teknikinlasningar?



Nya losningar vaxer fram

Nar produktionen gar upp...

40 - =Nuclear

—\Wind power
3N - «==Snlar rellg

m= .. .gar kostnaden ner ... och tvart om.

Average selling price [2005 $/Wp]

L
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Positiv aterkoppling skapar systemforandring

—

Institutional Stronger advocacy
adaptation groups

/" Lower C& Greater value

Product development Less uncertainty
Learning Better service
Economies of scale /

More investments

Strukturer byggs upp och stabiliseras
Teknisk infrastruktur
Kapitalansamling

Arbetskraft och utbildningssystem
Kunskap och forskningsfalt

Lagar, regler och standarder

Visioner och attityder
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Hur ser ett
riktigt kraftverk ut?

.......




Hur ser en riktig
fabrik ut?

-
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"There is not reason for any individual to

have a computer in their home.”

Ken Olson, President Digital Equipment Corp. 1977



UTVECKLINGEN KAN TA OLIKA VAGAR

World Wide Watt Web Munkmodellen
Natverk som optimeras av nagon annan Sjalvforsorjning och lokal lagring
”Skont att slippa tanka pa det ocksa!” “Jag vill inte dela grasklippare med grannen!”

Supergrid eller smartgrid?


http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=oKnr9BFBfmcleM&tbnid=amfBQM54B3ljJM:&ved=0CAUQjRw&url=http://www.rockitcolabs.com/your-own-private-facebook-making-social-network-your-group&ei=mHFnU6y1FInGyQOew4DgAQ&bvm=bv.65788261,d.bGQ&psig=AFQjCNGQlGXc6gUUnffeRwtKq5Q8Y91o-w&ust=1399374560923116
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=oKnr9BFBfmcleM&tbnid=amfBQM54B3ljJM:&ved=0CAUQjRw&url=http://www.rockitcolabs.com/your-own-private-facebook-making-social-network-your-group&ei=mHFnU6y1FInGyQOew4DgAQ&bvm=bv.65788261,d.bGQ&psig=AFQjCNGQlGXc6gUUnffeRwtKq5Q8Y91o-w&ust=1399374560923116

Tre alternativa elsystemframtider

Make the Switch
Smart grid Off-grid 0 better.tnergy.
Interdependent Independent
prosumers prosumers

(9

N '
= 32 € Antal
Q - * ”s" 3 l .
& produktions-
enheter

Supergrid
Dependent
consumers

v

G=1 Antal nat G=N

Hojckova et al 2017



Perspektiv pa forandring och stabilitet

Mekanistiska systemperspektiv (i kombination evolutionara)
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Negativ aterkoppling
Jamvikt, stabilitet
(Neoclassisk ekonomi)

Positiv aterkoppling

Begransade
resurser
(av nagot slag)

Larande,
effektivisering,
kopiering




Larande & Potential &

strukturutveckling begransning
Positiv Negativ
aterkoppling aterkoppling

Vart ar vi pa vag,
till nagot eller fran nagot?
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Ulimate ends

Religion

Ethics

Intermedia
Towards a Steady state

economy (1980)

Political economy

Intermedig® means

Technology To much focus on the

intermediates.
Mistaking means for goals.

\
N

Ultimate means

Physics



Vi behdver
kunskap om
systemforandring

Sociala
system

Politiska

* Sociotekniska system
system

e Mekanismer
 Tidsskala
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"The multi-level perspective” on technological transitions

Markets, user ~>

Socio- prefew’\ >
>

technical Science

regime Policy Cul'ha >
\ s "=

Technology >

t_1s ‘dynamically stable’,

Socio-technical regimé




"The multi-level perspective” on technological transitions

Landscape /_\/\J
developments /\_/\_/V

Landscape developments
put pressure on regime,
which opensup;,
reating windows
of opportunity for novelties

New socio-technical
regime influences
landscape

Markets, user

Pl preference >
Socio- _ /\ > a5 /A
technical Science \ \ > -
; > >
regime Policy > e
>

Culture

Technology = Y

Socio-technical regime if “dynamically stable’. New configuration breaks through, taking
On different dimensions thére-are_ongoing proee advantage of ‘windows of opportunity”.
/ Adjustments occur in socio-technical regim.

7

Elements are gradually linked together,
and stabilise i N socio-technical

onfiguration, around a dominant design.
Internal momentum increases
Technological X kf’/'

. '_»_~—» Learning processes with novelties on multiple dimension
niches ~ i - i
)'/'l;’x Different elements are gradually linked together through co-construction.

» Time
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Teknologiska innovationssystems (TIS)

Functions

’? Aktorer,
Knowledge formation teknik,

Entreprenuerial experimentaion regler
Guide the direction of search

Resource supply (capital, raw materials, skilled workers etc)

Market formation

Legitimation I TTTTITIITTIIIIIITIIRR™. ,
Create positive externalities (share knowledge, etc) Technological innovation system |

NoubkwnNE
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;o9 20

Functions

Exogenous @ : >
forces i Fy
g F,

* Hur paverkar man sociotekniska
system?

* Vilka hinder stoppar utvecklingen och
spridningen av X?

* Hur kan dessa hinder undanrdéjas och
hur kan systemet formas?




Institutional evolution (the PV Feed-in tariff)

Tjernobyl

Less technology-specific
feed-in law 1991

German re-union

Climate change

Exogenous forces

1000 rooftop

programme
Actors PV. FIT
3 cities
PV FIT
Acters
Knovile c{'g\gt‘-)mrtefacts
Legitimicy/Pos attitues
Standaids
Expextations PV FIT
Germany
PV FIT

+30 Countries

Endogenous forces

NELOAVA LS uig

Politiska styrmedel inte
exogena utan beroende av
systemets utveckling!

ACtOrS knowledge
Artefacts
Legitimicy/Pos attitudes

Actors |(||uvv=€dg€

ALLUF K uvacugc

Pctorseicatiedge
Ct‘ )rQr‘! afa r~+c
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Koowledeen
CERILITNLY/ TS dititaTo

Leg|t|m|cv/Po< aftitues
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Hur kan/bor man intervenera i
och paverka system?

Mekanistiska systemperspektiv (i kombination evolutionara)

A

Cycles Negativ aterkoppling

Jamvikt, stabilitet "Beskatta”
(Neoclassisk ekonomi) Forskjuta jamvikt

Positiv aterkoppling ”Odla”

Stimulera
Innovation

"Planera”




Ett styrningsdilemma

Om sma handelser kan skicka oss i olika riktningar...

...kan vi inta lite pa att individuella beslut av manga per automatik
leder oss i en fordelaktig riktning (den osynliga handen)
(Ekonomins 6verhoghet éver politiken).

Vi behover langsiktigt kollektivt tankande och planering
(Politikens éverhéghet éver ekonomin)...

....men planering pa lang sikt ar nastan omajligt pga. av
utvecklingens oberaknelighet.









