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General context — growing RES role

Primary energy production by fuel, EU-27, In selected years, 1990-
2018
(millien tonnes of ol agulvalent)
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General context — unique RES role in each MS

Gross inland energy consumption by fued, 2018
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Gross inland energy consumption=total
energy demand of a country or region.
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General context — important role of biomass

Bigdsels for ranspart
14.890 Residentkad
A 42093
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Inbustry
PR 7
19,08

Drerived heat 14 690
123%

Comenercial and public
services 4,792 4,0%

ther sectors 2341 205

Biomass share is declining
but in absolute values is
increasing

Biomass app. 58% share
on renewable energies,
EU2017

Annual inland consumption of energy from solid biomass in the European Unlon (EU-
28) from 2000 jo 2019 {in millon metric tons of oll equivalent)®
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General context — important role of biomass

e EU: 2016 7 gross final

renewables

e N energy consumption

[ imported into EU

i . Produced in the EU
Biomass
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(140 MtDE) ¥ Transformed in different MS

M Transformed in source MS

https://ec.europa.euljrc/en/publication/brochures-leaflets/brief-biomass-energy-european-union




General context — biomass by country
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General context — biomass by country

Biofu production in the European Union from 2000 o 2018 (in petajoules)

Primary enargy productien from blogas in the European Undon (EU) from 2013 1o 2018
{in matric kilotons of oll equivalent)




Biomass — important and decisive RES at present

EU28 (Eurostat 2017): biomass (solid, biogas, liquid biofuels)
accounts for 56,1% of primary production of energy from RES (of

which solid biomass is app. 75%)
2030: Biomass +15-W

200
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) 127.1
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1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 53 2 1 PJ
B Wood & other solid biofuels Biogas M Liquid biofuels
W Hydro power Wind power Solar energy
W Geothermal energy m Renewable wastes B Ambient heat

Source: Eurostat, Sustainable and optimal use of biomass for energy in the EU beyond 2020, 2017



Biomass — important and decisive RES at present

Biomass CEE countries (Eurostat 2017): Czech Republic 86 %,

Slovakia 72%, Poland 85% of RES
2030: RESA55 PJ

primary production of energy from Biomagss +36 PJ
RES, Czech Republic
200 growth: 2.18x 192 PJF
150
100 163 PJ
50
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
B Biomass households B Biomass industrial H Biogas B Liquid biofuels
Biolog. degradable wast@ Hydro B Heat pumps B Solar thermal
H Wind power H PV
Source: RES statistics, MPO 2019, 10

NECP, Czech Republic, MPO 2020



Do we have realistic plans for biomass future ?

Fundamental question — what is biomass potential and what are the
factors influencing it

C Methodologies of biomass potential determination differ significantly:

C the way in which agrotechnical, ecological, legislative, etc.
restrictions are included in the calculation

C assumptions about the future use of agricultural land, allocation o
land for energy crop

C learning curve effect (energy crop versus conventional crop)

C impact of climate change (e.g. significant reduction of solid
biomass from forestry from current bark beetle calamity in Central
European countries)

C many others incl. economic aspect — biomass competitivenegs
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Biomass — definitions

EU Directive 77/2001, RED (Directive, 2018)

“bi omass shall mean the Dbiodegr

residues from agriculture (including vegetal and animal substances),
forestry and related industries, as well as the biodegradable fraction of
l ndustrial and municipal waste”’

Biomass as RES:
¢ sustainability criteria, ILUC
C biodiversity and soil quality protection

¢ Taxonomy - classification system, establishing a list of
environmentally sustainable economic activities. Sustainable finance
taxonomy - Regulation (EU) 2020/852

& D0 no cause significant harm
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Biomass — Examples

Agricultural monoculture
| .-.,.;;'n,,h.'\} AR ;;.,ng\. ol Agroforestry system

AR LOER T AL RORE
."|" I. ."".- ..

Forestry plantation

s =

LER=1.4

LER = land wqunvalent raths

LER (land equivivalent ratic ) of value 1,4 means that 100 ha of AFS
produces the same yields as 140 ha of trees and agricultural crops

Main typesof agroforestrysystemsUSDA, 2010 m?’:qﬁ; own separatelly. .

Agroforestry systemgASFmeans land use systems in which
trees are grown in combination with agriculture on the same
land EU regulation no. 1305/201)3

A very innovative and flexibl@or task- conditiong
A allows stable production with strong es@rvices
A mitigation and adaptation measures
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Biomass — Examples

el establishid AFS-CTH in Probamice protsctod wilk an ehecine feme was Wheat and walnut agroforestry plot
very elficient m provectin sgaws wmmal damage (brvasing ree-buck, harch (R estin eFlraincﬁe)r es

http://www1.montpellier.inra.fr/safe/english/agroforestry.php
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Biomass — Examples

Schavnat/
Miscanthus

Cannabis sativa multipurpose energy crop
stemfibre, edibleseedsbioactiveraw
materialfor medicaldrugs energycrop,
biochar
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Biomass — Examples — SRC plantations
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Biomass potential — definitions

Various potential definitions, methodologies and understanding,
e.g.

Theoretical: only basic physical and biological constraints on biomass
production are considered (soil, water availability, climate)

Technical (geographic, feasible): The basic environmental, agro-
technical and territorial limitations are respected

Economic: potential that is competitive with other fuels under given
conditions on the fuel market

Realistic: takes into account the technical constraints on the use of
biomass on the part of consumers

Also another point of view: long term sustainable versus short term
boosting, or biomass potential as the dynamic quantity

17



Biomass categories

Forest biomass (EU 28: most important type of biomass)
C Stem wood, complementary felling

C Forest residuals

Q: Material versus energy utilization, limitation for forest residuals
utilization (soil quality, accessibility), potential distribution, natural
parks, potential impact of climate change (at least in some EU
countries). Is it realistic to assume significant growth of forest
biomass? E.g. in the Czech Republic biomass from forests can
fall down to 1/10!
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Forest tragedy — Czech Republic 2017-2020-?7?

Forests: 2.7 mil. ha, coniferous 72%,
spruce > 50% of total forest area

Climate change (several very dry
and hot years), monoculture forests,
wind calamities and massive
iInvasion bark beetle

2019: 500 th. ha partly or fully
damaged

vyidene cenam [l 1900 nEwE obeen

Source: Drevmag.com, ekolist.cz 19




Forest tragedy — Czech Republic 2017-2020-?7?

At the end of decade i reduction of
forest biomass between 70-85%
expected

Preference of forest renewal
Necessity to react on climate

Rozsah kdrovcové kalamity predstavuje vysokeé
riziko pro rok 2019

Source: Drevmag.com, ekolist.cz 20



Factors influencing biomass potential from
agricultural land — dynamic quantity

BPt=f(LAAt, SCCCt, BAPt, LCECCt, LCEECt, ICCt, IMSPt, MLAECt)

t € time dependent

LAAL ¢ | and availabl e area

SCCCt € structure of cultivated conventio

BAPt € biomass wutilization for agricultu
improvement)

LCECCté | earning curve effect (devel opment
at given site conditions)

LCEECté | ear ni ng develapmenteof ekpeatet yie{ds of energy crop at given
site conditions)

ICCt € i mpact of <climate change on expec
crop

IMSPt €& impact of measures amioed at soil and biodiversity protection on biomass
yields

MLAECté met hod of |l and all ocation for



Land availability

Changesin sowing area of conventional crops and cereals between 1990
and 2017in the CzechRepublic

1993-2016:
-2.2%lyear

Construction,

\ urbanization,
afforestation, land

1800=53 7% .
protection

Changes in the area of arable land in selected EU countries between 1993 and

2017 Country 1993 2016 Total change| Annual average changs
[1000 ha] | [1000 ha] [%0] [%0]
Germany 11 676 11 763 0.7 0.1%
Source: FAO France 18 034 18 356 1.8 0.1%
Poland 14 305 10 806 -24.5 -2.1%
EU 120482 | 105 453 -12.5 -1.0%
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Changes in structure of conventional crop

Changesin the structure of cerealsand rapeseedbetweenl1990and 2017in
the CzechRepublic

1 rapeseed 2017: 22.6%

oat 2017: 2.5%

bariey 2017:16.68%

rye 2017: 1.3%%

wheat 2017: 47.6%

Source: CZSO

990 1995 2000 2005 2010 2015

| oWhest ®Rys DBadey 0DOat ORapesesd |

Changes in the area of conventional crop sowing areas in E
betweenl1993and 2016

Country

countries

1993 2016 Total change| Annual average chang
[ha] [ha] [%] [%]

Source: FAO

Barley

15968966

12280251

76.9%

-2.0%

Oat

3317502

2621863

79.0%

-1.8%

Rye

4115961

1931682

46.9%

-5.7%

Wheat

24854319

27035453

1088%

0.6%

Rapeseed

3050080

6 533882

2142%

6.0%
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Changes in live stock

Changesin the state of livestock in the Czech Republic between1990and
2017

7 500000
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Changesin cattle and sheepstocksbetween1993and 2016in EU countries

1993 2016 Total change| Annual average change
[head] [head] [%0] [%0]

Cattle 106783351 | 89969958 84.3% -1.3%

Sheep | 136075366 | 98675585 72.5% -2.4%

Country

Source: FAO

24



Crop yields variability — learning curve effect

Developmentof specificcerealyields between1990and 2017in Czechia

70
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Development of specific crop yields for the EU and selected EU states
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Crop yields variability — learning curve effect 2

What is the learning curve effect for conventional crop — if any?
LongZerm vyields of
winter wheat grain.
Rothamsted

Source: Johnston and

—————— T Poulton, 2018

o T T . i il T T T T ]
1840 1860 'Iﬂﬂl 1804 I‘WW 'I'HUT 1960 I IWI T 000 2020
D. Brimsione Heroword

Capgobe

Learning curve for energy crop - SRC plantations and perennials

C Still limited experience, optimization of agrotechnologies (yields,
cost benefit), breeding, suitable seed material, etc.

C Based on more two decades of field experiments in Czechia
(VUKOZ) plus literature search: learning curve factor for energy
crop is estimated 1.5-2.5%, year (in horizon up to two decades)

26



Biomass from energy crop — different points of
view on its price / cost of cultivation

Perennial energy crops — plantation lifetime:

C 10 years (e.g. Miscanthus), 20-24 years (SRC plantations)

C the decision to grow energy crops can be evaluated using
investment evaluation methods - NPV of project cash flows (CF)

Biomass price - energy crop, perennials, two points of view

Minimum price to get required rate
of return

Cini NPV,

enercrop™

0

min:
rate of return is equal to discount
rate used for NPV calculation

Opportunity use of solil for
conventional crops

C, NPV, =NPV

alt: enercrop convcrop

to get the same economic effect as
from growing of conventional crop

Limit of biomass price from the consumers point of view —
competition with other energies
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Biomass from energy crop — minimum price
modelling 2

Minimum - price
C Sum of discounted CF at the end of the project equals to zero

C Example of CF and DCF profiles for

PV Power
plant

' i

A AR A A C Minimum price methodology is widely
2N ﬁa}jﬁ}mf VNS used e.g. to define FIR for electricity
from renewables, for waste disposal,
Z etc.
C To derive price of commodity from

SRC plantation CF profile supplier point of view
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Opportunity use of soil for conventional crops

C_ calculation - equality of CF generated from the production of

conventional crop for the duration of the energy crop plantation

T
NPV(energyF § G, Q (©Oif#

t=1

] (@

NPV(con\):%?( @ © ¢ +

Cai. NPV(energy NPV(conv)

T,: energy crop
plantation lifetime,

10, 24 years

C, - Q + S:revenues
from energy biomass
plus subsidy

Mg n1s discount rates

rotation of conv. crop
according to site
conditions

R,-C,: market price of
crop and cost of q
conv. crop
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Opportunity use of soil for conventional crops - 2

NPV(energyF & [, @ OifF § &1@ 1,9

NPV(cony =34 (R, - G) (© ¥@ @)'+
Cai- NPV(energy= NPV(conv)

Key role of risk inclusion into calculation T discount values r, 4,r,
Higher risk for perennials:

- (1) high one-off costs of plantation (approx. 1440 EUR / ha for SRC, approx. 1500 EUR / ha
for Miscanthus); present value of the plantation-related costs is about 50% for SRC
plantations. If, due to bad weather conditions (e.g., due to drought), the established plantation
Is damaged or destroyed, the farmer realizes a high loss,

(2) SRC or Miscanthus plantation do not reach the maximum yield of biomass in the first year,
but only with a delay, e.g., for SRC the maximum yield is attained between 8 and 12 years, the
income from the sale of biomass has a significant distance from the investment in the
plantation (future income is thus more uncertaint than current expenditures for plantations
establishment). RISK INCREASE.
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Energy crop: price modelling — case example of
the Czech republic 2

Methodology: biomass yields of energy and conventional crops are
allocated according to soil and climate conditions on given land plot

A Soil valuation system used: 10 climate regions, 78 different soil types,
app. 570 valid combinations

A Expected yield of crop for each combination of climate region and soil
type (long term field experiments, expert estimates, etc.

A Arable land divided into agricultural production area - APA
A affects production costs
A APA determines the recommended crop rotation

A a total of 92.3% (2,287 th. hectares) of the total arable land area
included in the analysis

A 7 year rotation cycle of conventional crop i different for each APA

A Comparison period i based on lifetime of energy crop plantation
Year2 |Year3 |Yeard |Year5 |Year6 |[Year7 |Year8 XX ® Year20 |Year2l |Year22

Crop2 |Crop3 |Crop4 |[Crop5 |Crop6 |Crop7 |Cropl |XX<D |Crop6 Crop7 |Cropl
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Energy crop: price modelling — case example of
the Czech republic 3

Input data:
C Conventional crop price: average market prices in period 2014-2018

C Production cost of conventional crop: average cost for each APA and
type of crop, year 2018 (the differences in the rated costs per hectare
among the zones differ by 10% (silage maize) to 25% (winter wheat)

C Subsidy 210.6 EUR/ha

C Production cost of SRC and Miscanthus plantations: economic models
based on results of experimental plantations

C Cost and revenues escalation: 2%

¢ Income tax rate: 19%

C Discount rates: r,, 4=r,, ;=10% (nominal)

C Land: LPIS - Land Parcel Identification System

C Each land plot registered in LPIS is assigned to given APA and c;
is calculated simulating rotation of conventional crop
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Price modelling results

High profitability of conventional crops pushes the c_, price up

SRC plantation

Cmin Calt Cmin CaIt
[EUR/GJ] [EUR/GJ] [EUR/GJ] [EUR/GJ]
4.4 9.3 5.2 114
3.4 6.5 3.2 6.7

3.4 6.3 3.0 5.8

Miscathus plantation

cmin Cal’[ Cmin Calt
[EUR/GJ] [EUR/GJ] [EUR/GJ] [EUR/GJ]

7.9 10.9 7.2 10.6

7.1 9.6 6.4 9.3

11.9 18.2 11.2 17.3

Note: prices of raw biomass without storage and
transportation to final consumer

=
]
e
=
|
=
™
(%]

[
L)

[
[=]

SRC, maize growing APA

MECL

Ecalt ®cmin

Miscanthus, potato growing APA

Calt [EUR/G1)

ML

|t ®comin
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Price modelling results - 2

Factors influencing calt price:

A Suitability of given APA for energy crop i e.g. potato production area is
not suitable for Miscathus 1 typical yields app. 2,5 t(FM)/ha,year

A High yields of conventional crop at given land plot i high profit that must
be compensated by a higher c;

A Higher risk related with energy crop compared with conventional crop i
higher discount rate and higher c,;, and c,; prices

. price has high variability
according to the specific
conditions of the area

Example of ¢, price
distribution for Miscanthus on
the territory of the Czech
Republic

34



Policy implication

Areas with c_ lower than given maximum limit

_ Based on competition with other
SRC plantations fuels and technologies -

maximum competitive c,, price

Area EURIG] Area EURIG]  Area limitis 6-8 EUR/GJ

10.1% <6 41.5% <6 78.2%

;8-2? <180 gg-gzjo <180 gg-?gf Competition with conventional

.70 < .90 < A% . ‘e

73.0% <12 97.1% <12 99.9% crop significantly reduces

economic potential of energy

Miscathus plantations crop

Expectations of an increase
Area EUR/GJ Area EUR/GJ Area . :
0.0% <6 0.0% e o in targ?ted biomass may not
0,0% <8 47.2% <8 0.7% be met!

53.8% <10 88.5% <10 56.5%
80.4% <12 94.5% <12 70.0%

Note: growing areas: maize: 140 th. ha, potato: 880 th. ha, beat: 972 th. ha (areas where yield
of energy crop are defined, some unsuitable areas are excluded from the analysis)
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Conclusion

Results of the analysis are to a large extent applicable in countries
with similar conditions for growing energy and conventional crops —
e.g. CE countries

Competition with conventional crop (competition for land) is
pushing significantly up prices of intentionally planted biomass

Optimistic assumptions about the contribution of the energy crop
may not be fulfilled

Perennial energy crops are more risky for farmers than conventional
crops with a one-year production cycle - this puts further pressure
to increase the price of targeted biomass

The efficiency of growing energy crops varies greatly from location
to location - this requires a targeted focus on subsidies / support for
the cultivation of energy crops.
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Details available e.g. at:

CVCVROVC, K., KNCPEK Shod-term bamstingf BfGiEnfass edergy
sources i Determination of biomass potential for prevention of regional crisis
situations. Renewable and Sustainable Energy Reviews. 2017, 67s. 426-436.
ISSN 1364-0321. DOI: https://doi.org/10.1016/j.rser.2016.09.015

cVCVROVC, K., KNCPEK, J., a WEGER, J. [Mo
agricultural land for energy utilization using high resolution spatial data with regard

to food security scenarios. Renewable and Sustainable Energy Reviews. 2014,

35s. 436-444. ISSN 1364-0321. DOI: https://doi.org/10.1016/j.rser.2014.04.008

CKNCPEK, J., et al . Ener @dyThr&iDiffereamtsVews©mom njp e
Biomass Price. Wiley Interdisciplinary Reviews: Energy and Environment. 2017,
6(6), ISSN 2041-8396

CKNCPEK, J. et al. Dynamic biomass potjen
and Sustainable Energy Reviews. 2020, 134(110319), 1-12. ISSN 1364-0321

37



Thank you for your attention !
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