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Energisystemet star infor 3 stora
utmaningar

+ Utvecklingsutmaningen

— 2,7 Mdr manniskor ar fortfarande beroende av traditionell
bioenergi 2014

* Resurs- & sakerhetsutmaningen

— Stalla om fran andliga till férnybara energikallor, samt
minska beroendet av energiimport

* Miljéutmaningen
— Minska miljopaverkan av energianvandning, framférallt
klimatpaverkan
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Vad kan vi fylla gapet med?







Kommer ni ihag — Vindkraft

Stor potential
Intermittent

Kraver stora areor — andrar landskapsbilden
— Arean kan dock anvandas till annat ocksa

NIMBY — Not In my Back Yard
Snabbt vaxande
"Billligt”




Sol




Tekniker

» Solfangare
* Termiska solkraftverk

« Solceller
— Kiristallina kiselceller
— Amorfa kiselceller
— Tunnfilmsceller




Solfangare

Genererar lagtemperaturvarme

For hushallsbehov

Vaxer snabbt i stora delar av varlden
Lag kapitalkostnad

Bild: www.trataljabygg.se/custom/solsystem.jpg




Heliostater — Koncentrerad solenerqgi

« Koncentrerar solljus
med speglar

« Kraver direkt solljus
« Anga driver en turbin

+ Kan producera vatgas

+ Varme kan lagras i olja eller
salter — I6ser
intermittensproblemet

+ Lag produktionskostnad

As of March 2012, there were 1.9 GW of CSP installed, jamfor med ca
150GW PV
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Solceller
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Fotoelektriska effekten

» Upptackt av Becquerel (1839)
» Forklarad av Einstein 1905
* Nobelpris 1921

fotoelektroner

metall
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Solceller bestar av halvledare (oftast kisel)
En halvledare har precis lagom stort bandgap sa att energin i en solstrale
kan lyfta elektronen.
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Solceller — Kisel

Kristallint kisel

— Hog verkningsgrad (15 — 25%)

— Dyr produktion

— Samma typ material som anvands for t.ex. processorer

Amorft kisel
— Lagre verkningsgrad (ca 6 %)
— Billigare produktion
— Mindre mangd kisel

Kisel utgor 25,7% av jordskorpan
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Solceller — Tunnfilmsteknik

Ca 10% verkningsgrad
Tunna, bojbara
Resursbegransningar

Anvander sallsynta och giftiga metaller
— Tex indium, tellur och kadmium
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Global Market Share by PV Technology

from 1990 to 2013
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“Energiaterbetalning”

2008: ca 1-4 ar. Livslangd pa panelerna: 20-30 ar.
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Energisystemets 3 stora utmaningar

+ Utvecklingsutmaningen

— 2,4 Mdr manniskor ar fortfarande beroende av traditionell
bioenergi

‘ . o .
J . kerhetsutma (
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Sol (och vind)
* Modulart
« Kan byggas fristaende

+ Kostnadseffektivt dar det inte finns elnat utbyggt
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Racker den fornyelsebara energin?

10 000 ganger om!
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WORLD MAP OF GLOBAL HORIZONTAL IRRADIATION

solargis
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Solinstralning,
Runt 1000 kWh/m2 i s6dra Sverig
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Solcellspaneler
15 % sol till el, tacker 90 % av marken

each small square is ~70m wide

2 GW park planned for Ordos City (550 km from Beijing) using CdTe modules,
finished in 2019
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Volvo PV fabriksomradé

(500m x 500m) x 6 = 1.5Mm?2. S/

=> 150 MW PV (solceller) = =
=> 150 GWhlyr el

==> 60,000 elbilar!

"R g
. 4 |

R

Electric car 4 times more efficient: 0.6 MJ/km * 15000km/car * 60000
cars = 0.54 PJ =0.15 TWh

Assume 10% efficiency, CF = 0.115, (500*500*6) m2 = 1.5 Mm2
=> 100 Wp/m2 * 1.5 Mm2 = 150 MW

=>100 MW
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Kvalitativ skillnad?
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Solcellspanelareal for att tillgodose varldens
energibehov
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BloombergBusiness

Eossil Fuels Just Lost
he Race Against
Renewables

This is the beginning of the end.

News

Mar

kets

Insights

Video

2015-04-14
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FOSSIL FUEL CLEAN ENERGY

279

Forecast Forecast = Hydro
> > 242
= Nuclear
208
Solar
= Oil
A [l
141 " Gas 143
" Biomass
105 110 = Coal & waste
91 93 = Geotherm.
I : : ! ! !
2010 2013 2015 2020 2025 2030 2010 2013 2015 2020 2025 2030

Power generation capacity additions (GW)
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http://www.bloomberg.com/news/articles/2015-04-14/fossil-fuels-just-
lost-the-race-against-renewables
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FIGURE 3: NEW INSTALLED AND DECOMMISSIONED POWER CAPACITY IN EU (MW)
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Kalla:

http://www.ewea.org/fileadmin/files/library/publications/statistics/EWEA-
Annual-Statistics-2015.pdf
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FIGURE 7: EU POWER MIX 2000 (MW) FIGURE 8: EU POWER MIX 2015 (MW)
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Welcome to

the Energiewende
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Energiewende

Antogs 2011

Minskade vaxthusgasutslapp med 80-95% till 2050
60% av energi fran fornyelsebar energi till 2050
Okad energieffektivitet med upp till 50% till 2050

greenhouse gas reductions: 80—95% reduction by 2050

renewable energy targets: 60% share by 2050 (renewables broadly
defined as hydro, solar and wind power)

energy efficiency: electricity efficiency up by 50% by 2050
an associated research and development drive
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EEEEEEEEEEEEEEE

Germany gets 50 percent of its
electricity from solar for the first time
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Tyskland, augusti 2016

@ Stacked [ ] 100MW  ©Wind Solar
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Tyskland april, 2017

@ Stacked @import Balance @ Converional > 100MW  Wind Solar
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https://www.energy-charts.de/power.htm

Tyskland: 80 miljoner invanare
Ca 530TWh/ar



U.K. Just Went Without Coal Power
for the First Time Since 1880s

by Anna Hirtenstein 211 Andrew Reierson
April 21, 2017, 1:11 PM GMT+2 l i April 22, 2017, 1:09 AM GMT+2

“Friday 21st April 2017 was the first 24-hour period since the 1880s
where Great Britain went without coal-fired power stations,” the National
Grid control room said in a Twitter post confirming the achievement
announced earlier.

The country is getting half of its electricity from gas power plants, 30
percent from renewables and interconnectors and the remainder from
nuclear plants, according to Duncan Burt, head of operate the system at
National Grid.

https://www.bloomberg.com/news/articles/2017-04-21/u-k-heads-for-
first-coal-free-day-since-industrial-revolution
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For forsta gangen sedan industriella revolutionen har ett
helt dygn forflutit i Storbritannien utan att kol anvants for
att generera elektricitet, rapporterar BBC. Det tidigare
rekordet, 19 timmar, sattes i maj i fjol och upprepadesi
torsdags.
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Indian Power Company To
Replace Planned Coal-Based
Power Plant With 200 MW Solar
Power Plant

Another Low-Solar-Price
Record: Saudi Electric Company
Lands Solar PPA Under 5¢/kWh

Solar energy prices are continuing to fall rather rapidly around the
world, but especially in the Middle East, as evidenced by a new deal
that will see the Saudi Electric Company develop a 50 megawatt (MW)
solar energy project that already has a power purchase agreement
(PPA) secured for 0.1875 Riyals ($0.049) per kilowatt-hour (kWh).

News of the completely unsubsidized project was first broken by the
country’s state news agency.
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Worldwide growth of photovoltaics

Cumulative capacity in meg [MW,;] grouped by region!!(2):17(3):15
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Vad ar den tekno-ekonomiska potentialen
for fornybara energislag?
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Energisakerhetsproblem
med vindkraft och
solkraft
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Intermitens

* “Intermittent kraft ar kraftslag som ar beroende av
vadret. Elproduktionen fran dessa kraftslag ar svar att
forutsaga och kan variera kraftigt pa bara ett par
timmar.”

* Sol och vind
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Intermitens — vind | Danmark

(tva veckor i Danmark)

Elstatistik ackumulerat fér Danmark
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Western Denmark (~40% of annual electricity comes from wind)
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Minska intermittensbegransningen

Elnatet
— Vattenkraftverk och varmekraftverk kan reglera fluktuationer.
— Vattenkraft a@r enkelt att anvanda vid reglering.

— Tumregel: ~20-25% av den totala elanvandningen kan komma
fran intermittent el, utan dtgarder mot intermittens.

Lagra el (exempel)

— Batterier

Vatgas

Pumpa upp vatten i dammar
Superkondensatorer

Varmelager, t.ex. smalta salter, varmvatten (kan vara svart att fa
tillbaka energin i form av el).

e Sprida de intermittenta kallorna geografiskt

Anvanda olika intermittenta kallor
- Sol, vind, vagor &r i stort sett oberoende av varandra.

Smarta nat
— Efterfrdgerspons
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50 GWh in annual battery production by 2020
Enough for 500,000 Tesla cars
Powered by renewable energy

Net zero energy factory
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Meritorder effekt

Price

P1
)

,'H Capacity
43
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Gicks inte igenom pa férelasningen och kommer inte komma pa
duggan. Kan dock vara anvandbart konsept for en fraga pa en fraga
som finns pa vissa av inlamningarna.

“The merit-order effect: A detailed analysis of the price effect of
renewable

electricity generation on spot market prices in Germany”, Frank
Sensfuld a,, Mario Ragwitz a, Massimo Genoes, 2008 Energy Policy
“In the case

of the year 2006, the volume of the merit-order effect exceeds the
volume of the net support payments

for renewable electricity generation which have to be paid by
consumers.”
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Elpriser i Europa kan bli negativa
p Europa kan bli negat

Sat, Sun, Thu, Fri,

12722 1223 1 1227 12720 1
01 E€EMAPWh M0 0,01 17.98 1
02 EAPVH 2784 -509‘ 1394 1
03 E€EAPVH 241 -200.01 1350 1
04 €AMWV 2091 LA?1596 1"M.11
£5 E€EAPWH 19.08 20854 1054
06 €AW 2043 -208.94 17.10
07 €APWh 208 -200.01 1998
08 ©“MWh nzr -473.82 RN 71
09 €MWh ST 14 14 66 37.06 1
10 @eMwn 41.79 0 1624 387 1
" eMwn 4203 1783 3869 1
A2 @enwn 40.02 17.90 1.4 1869 kY ) 1
A3 enwn ares 17686 11.98 2426 3703 1
A4 €AW 3456 1438 950 11.07 2413 528 1
A5 €eNWh 3708 1148 1275 440 850 2384 3398 1
46 €eMWh 3802 147 1173 185 840 2443 3343 1

http://www.statnett.no/Drift-og-marked/Data-fra-kraftsystemet/Nordisk-
kraftflyt/



El priser under dagen for olika grader av
solel (0-28.3% av totala elforbrukningen

3.5 fran sol)
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Gicks inte igenom pa forelasningen och kommer inte komma pa
duggan. Kan dock vara anvandbart konsept for en fraga som finns pa
vissa av inlamningarna.
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The

Economist JRE politics Business & finance Economics Science & technology Cultun

European utilities

How to lose half a trillion euros

Europe’s electricity providers face an existential threat

Oct 12th 2013 | From the print edition &) Timekecper ‘BZK W Tweet < 1,047

Bill Butcher

Source: http://www.economist.com/news/briefing/21587782-europes-electricity-providers-face-existential-threat-how-lose-half-trillion|

Fossila kraftverk gar back eftersom sol och vind pressar ner elpriserna.
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Kommer ni ihag (1) — Vindkraft

Stor potential
Intermittent

Kraver stora areor — andrar landskapsbilden
— Arean kan dock anvandas till annat ocksa

NIMBY — Not In My Back Yard
Snabbt vaxande
Billig
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Kommer ni ihag (2) — Solenergi

Enorm potential

— 10000 ggr mer solinstralning an global energikonsumtion
Intermittent

3 olika typer av kraftverk

— Solpaneler — producerar varme

— Termiska solkraftverk

— Solceller

Hoga kostnader

— Men snabbt sjunkande

Mycket hog tillvaxt, men fran en lag niva
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https://www.youtube.com/watch?v=INRWxN7Kll&feature=youtu.be&list
=WL&t=2164
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