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Energiasusteem kui
sotsio-tehniline slisteem TOOSTUSUHISKONNA KLASSIKALINE ENERGIASUSTEEM

TEADUS & TEHNOLOOGIA
Sotsio-tehniline slisteem: kogumik Fossiilsed kltused

. = . . Elektrijaamad
omavahel seotud tehnoloogiaid, taristuid, Elektrivérgud
arimudeleid, toostusi, seadusi,
regulatsioone, turge, kasutajate

igapdevaseid rutiine ning kultuurilisi ARI & TOOSTUS e RN POLIITIKA
= c o mms c c Mastaabisaast Wi AN Tootmise ja
tahendusi, mis taidavad kindlaid _Oine tarbimine <> VSN tarbimise
Uhiskondlikke eesmarke, nt energia, lilkuvus, Uleilmsed taristud HSUdbSideerirp'”e
o 5 0 0 0 R hE INnd Ja turvalisus >
toit, side, tervishoid jne. // keskkonnamoju
Valitsevat sUsteemi iseloomustab:
Toimijate paljusus ning tugev MzzzzzzzzzzzzzzzU
omavaheline seotus KASUTAJAD KULTUUR
™ : i ; e f Passiivne tarbimine Odav elekter = moodne
Kups tehnoloogla (dommeerlv dlsam) Elekter tuleb seinast elustiil = vabadus

Stabiilsed reeglid ja ootused nii
tootmise kui tarbimise osas
Jarkjarguline arengusuund




Valitsevad susteemid on alalhoidlikud ja rajasoltuvad
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See puudutab ka susteemiga seotud
teadmusbaasi:

e Way jt. (2022) vordlesid Rahvusvahelise
Energiaagentuuri ja mitmete integreeritud
hindamismudelite prognooside tapsust
paikeseenergia maksumuse osas

e 2905 prognoosi pdhjal pidi maksumus
2010-2020 keskmiselt vahenema 2,6% aastas

e Ukski prognoos ei Uletanud 6%

e Tegelikkus: 15%

Way, R., Ives, M. C,, Mealy, P., & Farmer, J. D. (2022). Empirically
grounded technology forecasts and the energy transition. Joule,
6(9), 2057-2082.



Nisid kui alternatiivid
valitsevale stuisteemile

Nisid on radikaalsete innovatsioonide
allikad, otsese turusurve eest kaitstud
paigad, mida iseloomustab:
e Toimijate vahesus ning nork
omavaheline seotus
e Ebakups tehnoloogia (domineeriv
disain puudub)
e Pidevalt muutuvad reeglid ja
ootused

e Raskesti ennustatav arengusuund

~ SCIENTIFIC AMERICAN

Power from Sunshine
A Pioneer Solar Power Plant
By Frank Shugga

“It may be assumed that 10 percent of the
earth's land surface will eventually depend
upon sun power for all mechanical operations.”
(Frank Shuman, 30.09.1911)



Mis on siirded ja kuidas nad toimuvad?

Tekib maastikusurve
Uhiskonnas kerkivad esile
probleemid, mis on olemasoleva
susteemi toimimisega seotud

maastik

e —

Siire: ajalooliselt 50-100 aastat kestev

nihe Uhest sotsio-tehnilisest sUsteemist  Uus sissteem asendabvana

teise, mis tdhendab radikaalset muutust D vl et
o0 o o 5 Silisteem nérgeneb

susteemi toimeloogikas 7 siisteem hakkab probleemidele

lahendusi otsima ja muutub nende

puudumisel {:(i}@

Siire toimub 3 tingimuse
kokkulangemisel:
e Surve valiskeskkonnast

o . o _F Tekib uus stisteem
([ ] Va | |tseva SUSteem| SuU Utmatus OoOMma B Nisid arenevad ja

O moodustavad uue

probleeme lahendada /—‘ sisteomi mis \J

e Alternatiive pakkuvate nisside konkureerib
olemasolu

slisteem

< O ~ O Nissidel tekib véimalus
Arenema hakkavad nisilahendused, mis
tekkinud probleeme lahendada lubavad




Kuidas siirdeid holbustada?

Laias laastus peavad sekkumised:

e Holmama koiki sisteemi

m66tmeid1 St teh nOIOOg Ia1 Yo @ Start-up @ Acceleration @ Stabilization —
majandus, poliitika, argielu ja & Tr ) | Tr @
kultuur ‘:}@ ;9 Destab:lna%g;e regime o {:@é
e HO&lmama eri tasandeid, sh nisid, [g S
valitsevad sUsteemid ja nende o oo ipay o ‘ N R o
modlema laiem keskkond St e ™ b Manage regime phase-outand

e Katkema endas kolme sisuliselt Accelerate niches
. . (IP2)
erinevat tegevust: uue toetamine,

Address the broader repercussions of niche acceleration and regime destabilization (IP7)

vana édnestamine ning nende

kahe tegevuse tagajargede
lappimine
e Valtima olemasoleva susteemi

Time

optimeerimist



Tekkefaas: ebakupsed nisid, tugev susteem

Erguta uusi nisse:

e T&A toetused
e Riigihanked
e Regulatoorne kaitse

Unlock the regime

Ava valitsev sisteem:

Stimulate different
niches (IP1)

e Organisatsioonide
voimekuse arendamine
Address the broader reper 0 g
e Tulevikuprognoosid
e Poliitikaseire




Kuidas valitseva slisteemi
toimijad muutusi algatavad

Electricité de France, Compagnie
Générale d’'Electricité ja Renault:
koostdd uue elektriauto loomiseks
Strateegia EDF-ilt, elektrimootor ja
aku CGE-lt, tootmine Renault't
Projekt takerdub odava ja todkindla
kUtuseelemendi tootmise taha ning
koostdo katkeb mone aasta parast
Taiendavaks kitsaskohaks on ilmselt
ka asjaolu, et see ettevotmine
toimus nii 50 aastat tagasi...

Renault Group and EDF Group join forces to make electric
vehicles more accessible and affordable for French
consumers

= Renault Group and EDF Group are joining forces to offer an integrated solution combining an electric vehicle, a home
charging station, and smart charging management.

= The two partners will notably leverage bidirectional charging technologies, including Vehicle-to-Grid (V2G), enabling
Renault Group electric vehicles to become active participants in the energy system. This technology provides
flexibility to the electricity grid while reducing vehicle charging costs, delivering savings equivalent to up to 10,000
km of driving per year. *

= This partnership is built on a shared conviction: the growth of electric mobility will depend on charging solutions that
are simple, accessible, and deliver tangible benefits to French households' budgets.



Kiirenemisfaas: nisid muutuvad slisteemile tulikaks

Kiirenda nisse:

@ Acceleration
Destabilize the regime L |ﬂ ﬂOV8tSiOOﬂip|atVOI’mid
(IP5)

e Riskikapital
e RIiigilt saadud laen

Norgesta valitsevat suisteemi:

Accelerateniches e Heitmestandardid
e Kindlad tahtajad

-cussions of niche acceleration and r¢

e Susinikumaks

Time




eeon - Consulting services for various stakeholders to establish an integrated energy system
@ The public sector becoming a model of sustainable energy consumption

ccon Utilizing oil shale quarries for new economic activities
. Incorporating sustainable values into school curricula and everyday practices

samee. |mproving the efficiency of cogeneration plants and utilizing industrial waste heat

[ ] [ ] ~N ~ [ J
samee \ocational and higher education reform in IV in the fields of energy and IT
e Energy training programs for policymakers
samee Universities setting a societal example in achieving sustainability
e Applying peer-to-peer network lerhno\og\es

eeon Development of tourism and creative economy in IV with state support
e National owards for Sudtanable energy produstion and consumpion
s Supporting alternative small businesses instead of the oil shale industry

(] (L) [ X ] [ ]
EU-led R&D partnerships to accelerate clean energetics
ro. Wind and solar energy as the primary sources of energy
semee - Subsidies for companies in IV to change their core activities
econ  The transition of the education system in IV to the Estonian language

samee - Supporting new business models to develop distributed energy production
econ  Phasing out subsidies for energy production based on fossil fuels
e Energy savings by increasing the energy efficiency of new and old buildings
s EU legislation to accelerate renewables in the memiber states.
seme Rapid and vigorous improvement of the living conditions in IV
saree. Transforming home energy consumption using flexible IT solutions
s Establishing an independent agency at IV to manage the just transition
same Decreasing number of inhabitants in the development plans for IV
. Fighting energy-related misinformation on social media
econProduct life cycle assessment in energy production planning
ro.  Energy storage with pump hydroaccumulation

Eesti energiatulevike Delphi 69. Kdrgemad keskkonnamaksud Eleie et st m—

3|qelisap 10N

son  Innovative business models, eg, services based on the smart grid
.. . . .o .. . saree Introducing biofuels not competing with agricultural land
% semee Continuing oil shale industry in a more environmentally friendly form
kUsitlus (2021): 112 eksperti, 90  fossiilsetel kUtustel tuginevale e
ccon Virtual power plant
. . . . . . sme Systemnatic mappmg of the mineral resources of Northeast Estonia
same Innovative solutions to stop heating cities with waste heat from the oil shale industry
se umis energlatootmisele ja -tarbimisele o Diverce ket ooser ptions o Gacing decanmalEsd e
seme Establishing renewable energy cooperatives across Estoma
e Creation of a new regional brand for IV
e The media to develop guidelines for covering energy-related topics
econ  Changes lead by sectoral or professional associations
samec Creating a green economy and just transition competence centre in IV
econ Starting monitoring the quality of life of the residents of IV long-term

o o . o same Using hydrogen to store energy produced from renewabl
u e m u se O a n | u a t |V| S I r ] % Making responsible corporate behavior a normative part of the business model
. 3 same Implernentation of new transmission technologies, eg, ultra-high voltage power lines
ro. Complete cessation of electricity and heat production from oil shale.
e oo . . . . .o . semee Estonia Establishing the legal requirements for ethical market economy inthe EU
® Praani Ja JUt us > p| Its lirendamaks muutusi [ e e e e
ro. - Countries not to fulfil their green quota at the expense of others' environment
weon Using household waste in energy production in all major settlements
. . . . .o . seme New architectural solutions to change the practices of space use
e SUsteeme optimeeriva energiasUsteemis T SRS
seme Using electric vehicles (V2G) to stabilize the grid
ro. National influence on energy consumption
. &M Starting renewable eneray plants supported by crowdfunding
> suU Ste eme muu tva d “on Establishing energy use imits for systems with significant energy consumption
semee Expanding the EU CO2 enmssuonsuadmg system to new mdusme<
. Involving artists and designers in designing the energy syster
Installing solar panels and landscaping on the rooftops of bu\ldmgs inthe cities

lahendused 90. Kodanike laialdased protestid |EEEstcs s - un—-————

eeon Combined taxation of environmental costs
s Using renewable energy for energy-intensive communication solutions

e Valdkondlik ekspertiis ei energiasusteemi puudutavate S

so. Increasing the energy efficiency of products and services through new standards
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ennusta energiaportfelli otsuste vastu, mis ohustavad e

won Renewable energy as the default from energy providers

»o. Combining oil shale and carbon capture for eneray production
a a St a e S O r] a same Paying special pensions to workers leaving the oil shale sector
same Energy citizens' movement
same. Special conditions from the EU to ensure the longevity of the oil shale sector
Large solar power plant in the oil shale quarries of IV
vou Shiftfrom energy efficiency to eneray sufficiency’
won Increasing the share of electricity price compared to network charges
ro. Establishing a new national security of supply standard
seme Gas power plants for grid stabilization
7= Intemational environmentalstandiards o hinder the useofossfues
e Citizen activism to accelerate change in the energy
& e e e
v Complete termination of the oil shale industry in Estonia

Pahker, A. K., Keller, M., Karo, E., Vihalemm, T., Solvak, M., Orru, K,
Noorkdiv, M. (2024). What's worse, communism or carbon? Using the e

v Asocial agreement to self-impose restrictions on energy usage

a|qelisap 1sea]

seme Principle of cascade use in the energy and heating consumption

Transitions Delphi approach to identify viable interventions for the S e e

. o e . . v Widespread protests against environmentally hazardous energy decisions
Estonian energy transition. Energy Research & Social Science, 109, 103421. -

® stick Should be applied ASAP 9
Carrot Ml Should not be applied in Estonia
Sermon [ No answer/indifferent %

System
dimension




Stabiliseerumisfaas: vabane vaarikalt vanast

Ehita uus siisteem:

e Strateegilised visioonid

e Platvormid sUsteemsete
probleemide arutamiseks
Ja lahenduste leidmiseks

@ Stabilization —
@
f Ko

new regime =

Build the new regime
(IP3)

Manage regime phase-out and

decine (IP6) Halda stuisteemi haabumist:

e Tugi Umberdppeks
egime destabilization (IP7) ® pl | rkon Nna ma_ja nd US| | k
Mmitmekesistamine

e Kompensatsioon




Eri meetmete tasakaal haabumise suunamises

M

Share of coded policies
suolzedlgnd papod 4o Jaquin

pre-1990 1993 1997 2001 2005 2009 2013 2017 2021

® Command and control Management and planning O Economic instruments
@ Capacity building and information @ Voluntary approaches M Liability and damage compensation
O Other

Trencher jt. (2022): 443 uuringu kokkuvote naitab, et haabumist suunavad poliitikameetmed
muutuvad jarjest mitmekesisemaks, kuid kaskudel ja keeldudel on endiselt suurim roll




Koigis faasides juhtub alati midagi ootamatut

new regime

e Vastuolulised huvid
avalikus sektoris
S ehee by Mg e by, 2" e Mure uute tehnoloogiate
tervisemodjude parast
e Kiriitiline sdltuvus uut

Address the broader repercussions of niche acceleration and regime destabilization (IP7) -t u U p | m ate rj a I |d eSt

—

Time

o @ Start-up @ Acceleration @ Stabilization — "
& r D Tegele ettenagematute
é:;} Destabilizﬁ)tshe regime {Ejﬂ ka rva I maj udega:
@ d e (IP5) B
old regime
=]
™ u

nlock the regime Build the new regime
(IP4) ) (IP3)

Accelerate niches
(1P2)




Parem tehnoloogia, suurem toetus? Mitte paris

Hoppe jt. (2024) Mootsid inimeste

hoiakuid elektri- ja sisepdlemismootoriga Australia ermany
autode osas Austraalias, Saksamaal ja Banning the sale of new ICEVs from 2030
Suurbritannias 2021.-2024. aastal: oz T e e
2022 | 26% l I 50% 47% . I
e Elektriautode pooldajate hulk SN B RUEEREN M
vahenes, sisepdlemismootoriga sdin U8 BECENEY N
autode pooldajate hulk suurenes, Phasing out all ICEVs by 2040
kuigi esimeste hind langes ja jdudlus ZEEEEA |
paranes 22 | 20% |
e |eibkondade tajutud iseseisvuse 22% B
o0dnestamine voib kaasa tuua 024 | 32% .
vastureaktsiooni R e e 10
e De facto keelu retooriline esitlemine Do Boree Hodee™ aopor - N oot Waor

mittekeeluna on (pehmelt deldes)
vaga riskantne lahenemine



Tilt the landscape (IP9)

R~

Coordinate multi-regime interactions (IP8)

Keskkond saab siiret nii
toetada kui takistada

Suuna mitmete slisteemide koosarengut:

e Elektrifitseeritud transport + V2G
e Taastuvenergia andmekeskustele +
virtuaalsed elektrijaamad

Kalluta maastikku:

e Pariisi kokkulepe

e FEuroopa Bauhaus

e SUstemaatiline lahenemine
tagasilodgiefektide maandamiseks



Ajastus on oluline

Kanger & Sillak (2020): argumendid kaasnevast
majanduslikust ja poliitilisest ebastabiilsusest
neutraliseerisid mis tahes valissurve
polevkivitoostusele ajavahemikus 1995-2016

Kivimaa & Sivonen (2024): vorreldes Soome ja
Norraga on Eesti strateegia ajavahemikus 2006-2023
enim muutunud, liitkudes podlevkivienergialt kui riikliku
julgeoleku tugisambalt taastuvenergiale

Rein Sikk (14.10.2026): “Uus-Kividlis kaevanduse
juures tundsin korraga sama. Koos olid inimesed, kes
oskavad vaartustada pdblevkivi ja saja aasta pikkuseid
pdlevkiviteadmisi. ... Siis tabaski mind maéte, et akki on
koos kahe suure pélevkivirajatise avamisega
saabumas rohepddrasuse 16pp. Akki on algamas
normaalne roheline ajajark.”

Energiajulgeolek?

Jah! Taastuvenergiga
oleme séltumatud.

Iga Euroopa Liidu elanik maksab pdevas 2 t fossiilsete kiituste impordiks!

Eesti i ”

K1 taastuvenergial00 SHkumine  ¢octi Taastuvenergia Koda




Kuidas sekkumine tegelikkuses valja naeb? 4 oppetundi

Category Stimulating Accelerating % Destabilizing Addressing broader Coordinating %  Landscape
.different niches (N) regimes (N) . repercus.sions. of . multi-regime shifts (N) Blom, M., Bachaus, A'r
niches (N) regime destabilization interaction (N)
N) van Santen, W., Schep, E.,
de Vries, J., Brouwer, J.,
Total 14.87% 39.57% 4 693% 4 :
ALSCOIS ° : 3 Voulis, N., Brusselaers, J.,
Built 13.10% 35.17% 67 4621% 6 & Oosterhuis. J. (2024).
environment Syntheseonderzoek
klimaatbeleid.
Industry 16.50% 50 48.54% 35 33.98% .
Reconstructie
Agriculture 19.51% 30 36.59% 26 31.71% beleidstheorie en inzicht
N in doeltreffendheid en
Mobility 9 9.09% 45 4545% 40 40.40% . .
doelmatigheid
Energy 25 15.06% 94 56.63% 42 2530% 0 0.00% van het huidige
systems klimaatbeleid. Delft, CE..

Cross-cutting 34 36.17% 31 32.98% 11 11.70% 13 13.83% 5 532% 0 0.00%

#1 Sekkumised keskenduvad eeskatt nisside toetamisele, vahem sUsteemi 6dnestamisele...

#2 .. kuid laiemad kdérvalmdjud ja susteemi keskkonnas toimuv palvib veel vahem tahelepanu



Kuidas sekkumine tegelikkuses valja naeb? 4 oppetundi

#3 Laiemate kdorvalmojude kartus on kriitilise tahtsusega toke

#4 Tehnokraatlik “Ulalt-alla” ja “eksperdid teavad paremini” on vaga riskantne lahenemine

e Hundscheid jt. (2024) Austria
toidususteemist: mojud pdllumeestele +
madala sissetulekuga leibkondadele +
tarbimisvabaduse piiramine -> 00nestavate b
meetmete lahjendamine, hilisemaks KU I DAS /

l[Ukkamine voi rakendamata jatmine

e Casiano jt. (2026) vordlev anallus ET EESTI ON LOOBUMAS OMA
veevarustussusteemi nissidest Euroopas: _ .
uute nisside toetamine kasikdes laiemate Hosw R ':3“ 2

tagajargede peale mbtlemisega suurendab
legitiimsust ja vOimaldab sUsteemi
jark-jargulist muutmist



Kokkuvote

Tilt the landscape (IP9)

Uks toimija ei saa kdike ise teha ega peagi seda
tegema, kuid sekkumispunktide raamistiku abil
saab kusida:

R~

Coordinate multi-regime interactions (IP8) Il M””S(t)e sekkumispunkti(de) kaudu aitab
mMinu tegevus energiasiiret esile kutsuda?
2. Kas teised sekkumispunktid on kaetud?
a. Kuijah, siis kes seda teeb?
b. Kui el, siis kes seda tegema peaks?
3.  Kas sekkumised on omavahel kooskolas?
: 4. Kas sekkumised, mida sUsteemi osalised
H | eelistavad, on ka tegelikult sUsteemse
muutuse saavutamiseks piisavad?
5. Kas ma teen digeid asju, kuid valel ajal?

Address the broader repercussions of niche acceleration and regime destabilization (IP7)

‘ )N I )




Kui see koik tundus
intrigeeriv, vota Uhendust:
l[aur.kanger@ut.ee

Vaata lahemalt:
https://www.deeptransitions.ut.ee/

Ettekandes kasutatud tulemused péhinevad Eesti Teadusagentuuri rahastataval projektil PRG2160
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