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De politiske rammer...

Fra Klimakommission til
Energiaftalen (og hvor er vi nu?)
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Center for Macroecology Evolution and Climate
Leader of the Sustainability Science Center

University of Copenhagen ‘
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"Hele den grundlaeggende
argumentation for at ggre DK fossilfri
(sic)” (og "hvordan jeg
opfatter/opfattede modtagelsen™)

Energi forsyningssikkerhed
Klima
(Eksport og veekst)
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"Holder forudsaetninger endnu?”
"Gamechangers, herunder skifer-gas”
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"Men de kendte olie resserver har
aldrig veeret stagrre”

Sandt

« MEN der er ikke "billig olie” mere
« OGm otpriee reret i fa lande
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"Business as usual is dead!” Lord Nicholas Stern, 2009
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Humanity’s 12,000 years of grace
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Ice melt is happening faster thes
predicted!

Arctic
September Sea Ice Extent: Observations and Model Runs
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Earth System Consequences of Ice Melt:

Greenland Ice Sheet Albedo: 2000-2500m

NASA MOD10AT dala processed by J. Box and D. Decker

Byrd Polar Research Center

wer. B0 July, 2012
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Challenge to marine biodiversity and ability of oceans to
function as sink of CQ

problem!

-2 Turley et al 2006

» Southern Ocean and Arctic
ocean projected to become %
corrosive to aragonite by 203
2060
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Predicted Future (~2065) Surface . CoralReef .
Ocean Aragonite Saturation State : gjj’m‘fy‘{';‘g”““y

Saturation State Future

Il > 40 Optimal

[ 35-4 Adequate

[ ]3-35 Marginal

Il <30 Extremely Low
Il No Data

References: 5,7

Figure 4.12 In Steffen et al 2004: Global Change and the Earth System, a planet under pressure. Springer
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Fossil-fuel CO, emissions (Pg Cyr™)

CO2 emissions from fossil fuel combustion and cement
production (black line) and carbon intensity (red line)
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"Gamechangers”...
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Biomasse er altid ikke "CO
neutral”....

Energy Policy 45 (2012) 18-23

Contents lists available at SciVerse ScienceDirect

Energy Policy

journal homepage: www.elsevier.com/locate/enpol

Viewpoint

Correcting a fundamental error in greenhouse gas accounting related
to bioenergy

Helmut Haberl **, Detlef Sprinz ®, Marc Bonazountas ¢, Pierluigi Cocco?, Yves Desaubies®,

Mogens Henzef, Ole Hertel?, Richard K. Johnson®, Ulrike Kastrup' Pierre Laconte!, Eckart LangeX,
Peter Novak', Jouni Paavola™, Anette Reenberg ™, Sybille van den Hove®, Theo VermeireP,

Peter Wadhams 9, Timothy Searchinger "

A nerirsire af Cacial Eralams Alnsn_Advin Uinivsrsivaot Wlnmenfust Wisn Cran Cohnmonfaldnncss 70 1IN Visnnn Auskin

Stigende fokus péa hvor og hvornar vi bruger biomasse!
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Skifer-gas?

En "global” CGO, pris?

"Hvad er der i stgbeskeen, som ikke
har med biomasse at gare?”

15



"Hvad bliver vinder
teknologien?”

Vores fremtidige energisystem skal besta :
en "buket” af teknologier!

Vind/sol/biomasse er de meste rentabel - i hvedt fid den kerte bane

A f
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Heat pumps,
solar heating etc.

AMBITIOUS WORLD: DK
ENERGY MIX 2050
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Varmepumper,
solvarme m.m.

Vind

Affald Biomasse
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"Biomasse — fremtidige efterspgrgsel
og priser...”

Biomasse er en begraenset ressource, og
prisen kan kun stige...
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Prisudvikling pa biomasse anvendt af Klimakomission
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A Measurable Planetary Boundary
for the Biosphere

Steven W. Running
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NPP: 13 PgC
Area; 33 million km* &

21 SEPTEMBER 2012 VOL 337 SCIENCE

Terrestrial net primary (plant) production
provides a measurable boundary for human
consumption of Earth’s biological resources.

= ca. 40% af den
nuveerende globale
energiefterspgrgsel!

Udbud og
efterspgrgsel VIL fa
priser til at stige, og
vi skal prioritere hvad

vi bruger biomasse til
(og hvilken form vi
bruger til hvert
formal)
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fabriker...”

"Hvad vil regeringen (!!!1), herunder
afgifter og treebaseret bioethanol
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Et forsgg p&, at seette det
hele i perspektiv:

» Jorden blev dannet for ca. 4,7 milliarder ar siden

» Vores art i dens nuvaerende form har vaeret her | ca. 250.000 ar
(ca. 10.000 generationer)

* De fleste af disse boede i jordhuller...

39

UNIVERSITY OF COPENHAGEN
NS\

GRAND TRUNK RAILWAY—LOCOMOTIVE i34, '

* For 7-8 generationer siden
begyndte vi for alvor at anvende
maskiner, og for 4 generationer
siden biler...

* Men vi er den farste generation
med viden om hvordan vores
maskiner pavirker vores jord,
dvs. vores eget habitat... 40
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Den viden giver os
magten til (og
ansvar for!) at
aendre vores forhold
til jorden og dens
ressourcer!

At indtaenke biomasse, herunder trae, i vores
fremtidige energi system er er en del af vores
ansvar her...
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No REPAS Regional | High Low |Constant|Western| Veg.

Scenario (year 2050) Policy Policy | Yield | Yield Diet Diet Diet
Total Biomass (EJ) 96.7 139.2 109.4| 106.4 91.4] 96.9] 91.0] 97.3
Biomass Crops (EJ) 22.4 335 28.7| 31.8] 15.1] 23.0 2.8 25.0]
Crop Residue (EJ) 35.0 49.8] 38.0] 35.5 30.8] 34.6 41.4 33.4]
Forestry/Mill Residue (EJ) 10.8 14.6 11.9 10.6 12.7 10.7 13.0 10.6
MSW/Traditional Biomass (El) 28.6 41.3 30.7] 28.4 32.8] 28.5 33.9] 283
Biomass land (Gha) 0.24 0.17] 0.33] 0.32 0.19] 0.25] 0.02 0.25
Cropland (Gha) 1.80 1.10 2.47| 1.45 5.57| 1.69 7.65 141
Forestland (Gha) 3.60 5.07| 5.07] 371 2.11] 3.68 1.17 3.87

Table 22: Supply and land use outcomes for the various scenarios for the year 2050.
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Figure 58: Forecasted biomass prices CIF Denmark in given three scenarios (€/GJ).
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Output fuel Route Raw material No.
Biomethanol Syngas route Biomass (forest residue) 01
Biomethanel CO2 route Electricity and CO2 02
Bioethanol 1. g. fermentation Crops 03
Bioethanol 2. g. fermentation Biomass 04
Biodiesel (ester type) Transesterification Vegetable oillanimal fat 05
Biodiesel (paraffin type) HVO (hydrogenated vegetable oil) | Vegetable oil/animal fat 06
Biodiesel Syngas route Biomass 07
Biodiesel Catalytic dehydration Methanol 08
BioDME Syngas route, two step process Biomass (lignocelluloses) 08
BioSNG Gasification Biomass 10
Bio-kerosens Syngas route Biomass 1
Torrefied wood Torrefaction Biomass 12
Bio-liquid REnescience Waste (MSW) 13
Ethanol, biogas Maabjerg Concept - Biorefinary Biomass (straw, waste, manure) 14
Ethanol, biogas igh:zrllgen;aﬁnn (Inbicon Biomass (straw) 15
Diesel production by BTL
Diesel, gasoling technology with hydrogen addition | Biomass (straw), hydrogen 16
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Table 1. Development in forest area, carbon stocks and wood removals from 1990-2010.
@ Average annual change below -0.5 %.

Average annual change between -0.5% and +0.5 %
@ Average annual change above +0.5 %.

Wood removals
Continent | Region Forest area Carbon stock Industrial wood Fuel wood
1990- 2000- 1990- 2000- 1990- 2000- 1990- 2000-
2000 2010 2000 2010 2000 2005 2000 2005
Africa East (] [ L) L) (] L) L) L
Central [ ] [ [ ]
Northern o L) (] L) ®
Southern [ ] [ [ J
Western o [ L) L) (] L] L) ®
America | Northern L)
South [ ] ® [ ]
Europe Eastern [ J [ ] ® (]
Northern ] [ ] ® o [} ]
Southern [ ] [ J L L ] [] [] []
Western L (] [ [J @
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LIVING FORESTS MODEL

CC9D00 #

Do Nothing Bioenergy Do Nothing Bioenergy
Plus Plus

Saw logs &
veneer logs 1,444 1,444 1,763 1,773
Pulpwood* 527 754 754 905 893

Other industrial
roundwood" 153 153 153 153 153
Energy wood 2,753 3,138 6,317 8,209

Household 1,868

fuelwood 2,064 2,064 2,218 2,054

Total wood
7,168 7,553 11,356 13,082

supply
Units: millions of cubic metres (roundwood equivalent)

Projected annual rate of wood removals in 2030 and 2050 under the
Living Forests Model’s Do Nothing and Bioenergy Plus scenarios compared
to FAO statistics on reported wood removals in 2010. Source: FAO (2010
figures20) and ITASA (2030 and 2050 projections)
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+

CC9D00# % Do Nothing Bioenergy Do Nothing Bioenergy

Plus Plus

Saw logs &
veneer logs 853 1,444 1,444 1,763 1,773

Other industrial
roundwood" 15 153 153 153 153
Energy wood 2,753 3,138 6,317 S

Household 1,868

fuelwood 2,064 2,064 2,218 2,054

Total wood
supply 75553 13,082

Units: millions of cubic metres (roundwood equivalent)

Projected annual rate of wood removals in 2030 and 2050 under the
Living Forests Model’s Do Nothing and Bioenergy Plus scenarios compared
to FAO statistics on reported wood removals in 2010. Source: FAO (2010
figures20) and ITASA (2030 and 2050 projections)

K@BENHAVNS UNIVERSITET

2030 2050
6
+
CCOD00# % Do Nothing Bioenergy Do Nothing Bioenergy
Plus Plus

Saw logs &
veneer logs 853 1,444 1,444 1,763 1,773

Other industrial
roundwood®® 153 153 153 153 153
Energy wood 3,138 8,209

Household B

fuelwood 2,064 2,064 2,218 2,054

Total wood
supply

Units: millions of cubic metres (roundwood equivalent)

Projected annual rate of wood removals in 2030 and 2050 under the
Living Forests Model’s Do Nothing and Bioenergy Plus scenarios compared
to FAO statistics on reported wood removals in 2010. Source: FAO (2010
figures20) and ITASA (2030 and 2050 projections)
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SK1 - Samlet hgst

0
2010

18
~-=-BAU 1300 hajir
36
—— Skowrejsning 2280 ha/ar -
24 . <
—— Skowrejsning 4560 ha/br ~
fning. v *
L2
S —— Skowrejsning 0 ha/ir P ,
g 10 A
£
£
(]
25
24
22
20
2010 2020 w0 o 050 wo w0 w90 2100
M
)
< 5 -==-BAU 1900 ha/ér
?S
——Skaurejsning 1260 hafar
#5) 6 .
—— Skovrejsning 4560 ha/ar
&
—— Skovrejsning O hajir
50
H
E
3
iy

2000 2030
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SK1- Kulstof i stiende vedmasse
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"Urgrtskov" Samlet hgst

.

8

Urert skov

.
H

g
Zia —
: o
i _

E

.
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010 2020 2080 2040 080 2060 2070 2080
:
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2010

----BAU

Urert skov

2000 2030

Institut for Geovidenskab

"Urgrtskov" Kulstofi stiende vedmasse
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Samlet hgst biomasse + savvaerkstrae
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Kulstof i staende traemasse
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Figur 3.8 Anvendelse af fossile braandsler og VE (PJ)
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Forbrug af energi + mal for traeandel
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Hvad skal treebaseret
biomasse bruges til
— udvikling 2012-2050

Sgren Schmidt Thomsen

G Pk e

Dansk Fjernvarme

Brancheorganisation for 408 medlemmer, der leverer 99 % af al dansk
fiernvarme til 63 % af alle danske husstande

34 offentlige forsyninger
* Leverer 49 % af al fiernvarme

356 andelsselskaber/private
* Leverer 51 % af al fiernvarme

@vrige medlemmer
* 3 er transmissionsselskaber
e 15 er associerede medlemmer

7
L
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Biomasse braendselsforbrug til el- og varmeproduktion

T EL FIJERNVARME

45.000

40.000

35.000

30.000
25.000
20.000
15.000
10.000

0

Biomasse roduktlon i Heraf tree (inkl treepiller)
(halm, tree og affal

2009 2011

2009: ca. 2,1 mio tons tree 2011: ca. 3,3 mio tons tree
Heraf knapt 1 mio. tons

| fiernvarme
N7/ Dansk
/ /"/ 9 F/%rr);varme 200 f'flrmf
A =
/fl/

A smart, sustainable energy system

Co-generation

Smart energy
system control

e ‘! f
Surplus heat . ' Ev & ‘l\/ub"

A sustainable energy system is a smarter,
more unified and integrated energy system

Renewable energy resources

Cenfralised fuel production,
power and storage

H, vehicle

ETE
2017
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Varmeplan DK 2010 - Fjernvarmens lastfordeling

Biomassens rolle

2C
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Heat Roadmap Europe 2050

®Nuclear ®wCoal mQil »Gas ~Biomass Waste RES
18,000 3,000
15,000 —— x x 2,500
12,000 1 2,000
9,000 - —— 1,500

Primary Energy Supply (TWh/year)

x x

2030

6,000

3,000 -

o0
EU-EE

HRE-EE

EU-EE \ HRE-EE

2050

- 1,000

Carbon Dioxide Emissions (X. Mt/year)

- 500

Figure 3: Primary energy supply and carbon dioxide emissions in the Energy Efficiency (EU-EE) and Heat
Roadmap Europe (HRE-EE) scenarios for the years 2030 and 2050.

Kilde: Halmstad Universitet, Aalborg Universitet, Ecofys og Plan Energi
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For Euroheat & Power, maj 2013
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Integration mellem el, gas, varme og fuel-produktion

El (ved lav pris) El (ved hgj pris)

El-produktion

Elektrolyse | Ha (spidslast)
Alkalisk, Gasturbine, CC,

Breends.celle Fuelcelletc. )

Biomasse — )
Kraftvarme Bi iofuel Biofuel transport (Metanol, DME etc.)
tlgrr:::wai::e Lo dag Katalyse 4
i lagre Metanol, Syn ben.
foskenig DME Hoete.
Forgaring |siofuel :
- Opgradering ﬁ
Biomasse Metan(CH,)
til “biogas” |CH4+C02
(klassisk)

(aquifer)

— o
Undergrund lager T J &
(salt kaverner) 5 Undergrund lager - »
’,Iui.n 1 )
¥ e

Kilde: Energinet.dk

Revolution af gasproduktionen?

Forbrug af gas
2011

180
160 -
140 - H Naturgas
120 - Biogas
100 - m Anden VE-gas
80 -
60 -
40 -
20 -
O 1 .

160

Kilde: Energistyrelsens Energistatistik 2011 Kilde

o
B, % Y o mm
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Prognose forudsiger underskud af tree i fremtiden

119

Overgangsperioden 2013 - 2035

Hvad er kendt teknologi?

Hvad er fugle pa taget?
Afskrivningshorisont for nyinvesteringer
Omkostning pr. produceret energienhed
Opretholde hgj energieffektivitet
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Analysearbejde

Rammevilkar - afgifter

%
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Rammevilkar - konkurrenceevne

Tusinder kr.

35

30

25

20

15

10

Varmepriser inkl. moms for 2012
Varmenriser 376 vaerker (18.1 MWh 130 m? standardhus)

s \/ArMEPIiS incl.moms ivi olie CoP=33 e Individuel N-gas

/
]
4

BN

L

/ « Afgiftstryk pa fiernvarme gget 70% siden 2007

» 123 gasfyrede kraftvarmevaerker bundet til naturgas

o% 10% * Kompensationsordning til gasselskaber

« Hgj kalkulationsrente
¢ Grundbelgb bortfalder i 2019

Veerkerne anno 2050

Sma fiernvarmevaerker

» Lokale biomasseressourcer
* Solvarme
« Elektricitet (Varmepumper og elpatroner)

Mellemstore fjernvarmeveerker

« Kraftvarme baseret pa biogas, forgasningsgas
eller brint

« Solvarme med saesonlagring
« Elektricitet (Varmepumper og elpatroner)
» Evt. forgasningsanlaeg og/eller brintfremstilling
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Veerkerne anno 2050

Store Fjernvarmeveerker

» Udnyttelse af spildenergi fra konvertering af
affald og biomasse ved fremstilling af VE-gas,
ethanol eller biodiesel
Salg af VE-gas, ethanol eller biodiesel.
Forbreending af restprodukter der ikke leengere
kan anvendes

Fremstilling af brint og evt. syntetisk gas ved
opsamling af CO2

Breendselsceller og eksisterende varmelager
medbvirker til gget fleksibilitet

Geotermi , opsamling af spildvarme fra
processer samt fremstilling af kgleeffekt

TAK FOR ORDET!
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Skovbruget som energileverander 30 Maj 2013

Department of Geosciences and Natural Resource Manafie
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Skovbruget som energileverander 30 Maj 2013
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Arlig produktion tons tarstof pr. ha
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50
Low estimate
40 = ==High estimate
30 +
. -~

* 20 + .
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g // _ Level of tree
° 0 ‘ ”” improvement
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7 O\ierordr?ede Fra og
malsaetninger e
i skovbruget
o . . |
Mangearigt samarbejde
oy I 1950 dukti
med "PL” — | reeproduktion Skovirae-
Naturstyrelsen | arter
Nordsjzelland I Danida  (1947)
1980
Opgaven overordnet : ! + Pyntegrant
« Et forbedret produkt Bz
* En forbedret 'funktion’ + Flersidighed (iggg)
« Genetikken et centralt redskab 1990 4 Bjodiversitet
. CBD
+ Genbevaring
+ Stabilitet +<— Landskabs-
2000 4 Bgeredygtighed arter
+ Friluftsliv (1995)
COP 15
+ Tilpasning
2010 + Biomasse ? Klimakommission
A
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Skovtreearter, frgkilder
15 naletraearter

M Froplantage (i produkt.) 27stk, 64 ha
W Froplantage (ikke i prod) 7stk, 16 ha
Frgavisbev. (i produkt.) 1stk, 2 ha
Fraavisbev. (ikke i prod.) 5stk, 7 ha

O Karet bevoksning, 13stk, 56 ha

Skovtreearter, frgkilder
12 lgvtreearter

i
loﬁg

o B

o

oA u

®

M Frogplantage (i produkt.)  7stk, 7 ha
u Fraplantage (ikke i prod) 26stk, 61 ha

Froavisbev. (i produkt.) 6stk, 7 ha
A Froavisbev. (ikke i prod.) 11stk, 40 ha

O Karet bevoksning, 35stk, 630 ha
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Juletraeer og pyntegrant

NGR og NOB
(0]
B Frgplantager (NGR),  8stk, 31 ha
A Froavisbevoksn. (NGR), 7stk, 18 ha
l Bl Frgplantager (NOB), 4stk, 11 ha
@) O Karet bev. (NGR+NOB), 5stk, 18 ha
% |

[] A
Landskabsarter
21 arter ‘A
|
B Frogplantage (i produkt.) 4stk, 3 ha
u Fragplantage (ikke i prod) 25stk, 16 ha
A Frgavisbev. (i produkt.) 11stk, 5ha
A Frzavisbev. (ikke i prod.) 3stk, 1ha

?
=
o %:'I.
a®
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Veerdi-skabelse i skove og plantninger
ved brug af forbedret frg (eksempler)

Redgran:
@konomiske analyser af foreedlingsprogrammer. Betydelige
foraedlingsgevinster, under 'stabile’ forudsaetninger

Bag:
Forskel i hugstveerdi p& mere end 100.000 kr/ha mellem
bedste og déarligste proveniens i forsgg

Nordmannsgran:

Foraedlet frg giver 10-15% starre udbytte af juletraeer.
Merveerdien for juletraesdyrkeren er 30-50.000 kr/ha
diskonteret til anlaegstidspunktet (ved 5% rente)

Tidlige udbytter (ammetraeer):
Betydelig gevinst ved kombination med forzedling. Maske
basis for mere intensive kulturer

Betydelig veerdi-skabelse, men vi mangler gode analy

ser
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Top 4 treeer

Pollen
V1

V2

V3

V4

Moder Vi

X
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#5 1)

G) ) 5 2 2 5
6 4R.%%5 7

Arlig produktion tons tarstof pr. ha

Sitka F.299 10 bedste kloner 30 bedste kloner

Baseret pa afprgvning af 253 kloner fra
proveniensen F.299 Rye Ngrskov. —
estimeret ved omdrift pa 40 ar.
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8 55 & $&..

A ) 5 U %%

Trichocarpa (10) Trichocarpax Maximowiczii (3) Asp (1) Canescens (5) Nigra x
maximowiczii (3) deltoides (3)

8 55 & $&..

A ) 5 U %%

Trichocarpa (10) Trichocarpax Maximowiczii (3) Asp (1) Canescens (5) Nigra x
maximowiczii (3) deltoides (3)
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nigra (4) deftoides x
nigra (11)

maxomowiczii

@

trichorarpa x ~ maximowiczii x trichocarpa (3) maximowiczii x
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