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5 pasis

CTpykTypa 3arajibHOr0 MOCTA4YaHHS NMEPBUHHOI eHepril 3rifHo EHepreTuyHol
crparerii Ykpainu 10 2035 poky

Byrinna 27,3
MpupoaHni ras 26,1
HadtonpoayKrtu 10,5
ATOMHa eHepriA 23
Biomaca, 6ionanmso Ta Biaxoam 2,1
CoHAYHa Ta BITPOBA eHepriA 0,1
MEC 0,5
TepmanbHa eHeprid 0,5
BCbOIO, MAH. T H.€e. 90,1

http://mpe.kmu.gov.ua/minugol/control/uk/publish/article?art id=245234085&cat id=35109
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«EHepria» He AOPIBHIOE «eNeKTpoeHepria»

CTpyKTypa KiHIIEeBOI0 €HEeProcnoKuBaHHsa Ykpainu ta sukuau CO2, 2007-2017

MT H.e.
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OO0car d0ionmajuB, MJIH. T H.€.

Arpobiomaca — mainbyTHe 6ioeHepreTuku YKpaiHu.

IIporuo3 CTPyKTypH COKUBAHHSA TBepAuX Oionajaus B Ykpaini (2015 -2035 pp.)

]

2015 2016 2017 2018 2019 2020 2021 2022 2025 2030 2035

© IlepeBHa 6iomaca ™ Cosoma, ctebna M Jlymmnunas consimnuka ™ Enepretuyni KyasTypu

[a—
O

S = N W A L N 9 0 O

Buj 6iomacu 2015 2016 2017 2018 2019 2020 2021 2022 2025 2030 2035
JlepeBHa Giomaca 1,90 195 2,12 235 240 245 2,55 2,60 2,70 2,80 2,85
Coioma, crebia 0,05 0,07 0,08 0,10 040 0,70 1,10 1,45 1,89 3,12 5,26

Jlyminuuns consmuauka 0,25 0,26 0,30 0,34 0,38 040 043 049 0,54 0,58 0,59
Eneprernuni xynsrypu 0,00 0,00 0,00 0,01 0,04 0,05 0,10 0,13 0,27 0,70 1,20
Bceboro, MuIH. T H.€. 2,20 2,28 250 2,80 3,22 3,60 4,18 4,67 540 7,20 9,90



25 mapa m3 npupoaHoro rasy/piK

YacTka TEOPETUYHOro

e, O M/IH. T H.€e.

Conoma 3epHOBUX KynbTyp 35,6 30 3,65 ]

Conoma pinaky 3,9 40 0,54

NobiuHi npop,yKT-u BUPOOGHULTBA KYKYPYA3MU Ha 3€pPHO 32,1 40 245 L 430,

(ctebna, cTpuKHi)

MNob6iuHi NnpoayKTU BUP-BA COHALLHUKA (cTebNa, KOP3UHKM) 23,2 40 1,33

BTopuHHiI Bigxoau c/r (NyLWNUHHA COHALUHMKA) 2,4 100 0,99 |

epeBHa 6iomaca 0Ba, NOpybKoOBi 3anULLKHK, Biaxoaun

ﬂeEesooGpoGKM) e o oA R 4 1,54

,qepeBHa 6|'omaca (cyxocrTiii, pepeBuHa i3 3aXmMcHUX 8.8 44 101

nicocmyr, Biaxoan OBBCH)

biogusens (3 pinaky) - - 0,31

bioeTaHoA (3 KYKypyAsHM i LyKpoBoro 6ypsaky) - - 0,59

bioras 3 Bigxopais Ta no6iuHOI NpoayKuii L5 oo e L 50 0,68

arponpoMMCIOBOro KOMNEKCY

bioras 3 noniroHiB TBepgux NobyToBUX Biaxoais 0,6 mnpg m3CH, 34 0,18

bioras 3i cTiuHUX BoA (NPOMMCNOBUX Ta KOMYHAJIbHUX) 1,0 mapa m3 CH, 23 0,19

EHepreTUuHi KynbTypu:

- Bep6a, Tonona, mickaHtyc (1 maH. ra*) 11,5 100 4,88

- KYKypyAs3a Ha 6iora3s (1 maH. ra*) 3,0 mnpa m3CH, 100 2,58 36%
BCbOIoO - - 20,92

* 3a ymoseu supowiyeannsa na 1 Man. 2a He3a0IAHUX CITbCObKO20CNO0APCHKUX 3eMeIlb.



i' [1OpOXHA KapTa PO3BUTKY CEKTOPY
bioeHepreTnkn YkpaiHn ao 2050 poky

Mema [opo)xHboi kapmu:

v' TMoponaHHsa 6ap'epiB AN PO3BUTKY GioeHepreTukn B YKpaiHi.

v' 306inblueHHs obcariB BUPOGHULITBA eHepril 3 Giomacu. 3miHa CTPYKTYpPU BUKOPUCTAHHS
Gionanue BiANOBIAHO OO CTPYKTYPWU €HEPreTMYHOro noTeHuiany 6iomacu B YkpaiHu.,

38’5130k 3 iCHyro4uUMuU ma 3ansaHoeaHUMuU cmpame2i4YHUMu OOKyMeHmamu e CeKmopi
eHepa2emuku YKpaiHu
= [lani JopoxHboi KapTn MOXyTb ByTW BUKOPUCTAHI:
- [ns po3pobku naHy diti no 00Csi2HEHH!IO ICHYrOYUX Uined 3 pO38UMKY CEeKmopy
bioeHepaemuku 0o 2035 p.
- [pu oHoeneHHi EHepeemuy4Hoi cmpameaii YkpaiHu (po3wupeHHs nepiody 0o 2050 p.).
- lpu po3pobui HauioHaneHo20 rnaHy it 3 8i0HOBMHBaHOI eHepeemuKu Ha rnepiod 0o 2030 p.
- [Ans po3pobku KoHuenuii 0epxxa8HOI nonimuku y cghbepi eHepaemuKku ma 3axucmy OOBKIrfis
=  [lopoxHs KapTa Bu3Ha4yae BHECOK BioeHepreTnkn y BUKOHaHHS MiXKHapogHuX 3060B’s13aHb
YKpaiH/ Mo CKOPOYEHHI0 BUKNAIB NAapHUKOBUX rasiB 3rigHo Napusbkol knimatnyHol yrogn 2015
POKY.
= [opoxHs KapTta Bignosigae 6a3oBuM nonoxeHHAaM KoHuenuil «3eneHoro» eHepreTmYHoro
nepexony YkpaiHun go 2050 p.

10/02/2020 VTT - beyond the obvious



jb [10pOXKHA KapTa PO3BUTKY CEKTOPY
bioeHepreTnkn Ykpainu ao 2050 poky (2)

ba3oei nioxo0u ma xapakmepucmukKu:

e BignpasHa To4yka — 2020 pik.

e Biagnosigae cueHapito gocarHeHHA ao 70% BAE B eHeprobanaHci y 2050 p. 3a ymoBu
3meHweHHs 3MME y 2050 p. nopiBHAHO 3 2018 p. Ha 33% (~ 63 maH T H.e. y 2050 p.)
Npu 36iNblIEHHI KiHLLEBOro cnoXmBaHHA eHeprii Ha 8% (~ 55 maH T H.e. y 2050 p.) .

e 3aranbHa BCTaHOB/IEHA NOTYXHicTb bioeHepreTMyHoro obnagHaHHA y 2050 p.: 36 BT,
Ta 3,5 IBT..

® 3aranbHe cnoxmBaHHA bionanus y 2050 p.: 23 MAH T H.e.

e BukopucTtaHHA bioeHepreTnuHoro noteHuiany 2050 p. (~43 mAaH T H.e.): o 60%.

dakmopu 36inbUWeHHA eHepeemu4yHo20 nomeHuiaay biomacu y 2050 p.:

ggﬁ - NiABULLLEHHA BPOXKAMHOCTI C/T KyNbTyp;
ﬂ - 36iNblIEHHA eKOHOMIYHOTo noTeHujiany 6iorasy 3 pi3HUX BUAIB CUPOBUHN;
ﬁ - PO3LWMPEHHA NIOLY, Nig, eHEProOKYAbTYPaMM Ta PICT iX BPOXKANHOCTI;

[1*’) - picT % pybKM piYHOro NPMPOCTY AEPEBUHMN B Jlicax.

10/02/2020 VTT - beyond the obvious



jl 3anponoHOBaHa CTPYKTYPa BUKOPUCTAHHSA

BIOMASS
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10/02/2020 VTT - beyond the obvious
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BIOMASS
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10/02/2020 VTT — beyond the obvious



il [10pOXKHA KapTa PO3BUTKY CEKTOPY
bioeHepreTnkn Ykpainu ao 2050 poky (3)

Knarouoei meHOeHyii'y nepioo 2020-2050 pp.:

®  PicT YacTKM c/r 3a/IULWLKIB Ta €HEeProKyNbTyp B CTPYKTYPi CNOXKUBAHHA TBEPANX
b6ionanms:
no0 60% 1a 20% 3aranbHoro obcary, sBignosiaHo, y 2050 p.

e  MiHimanbHUM picT 06CcATY BUKOPUCTAHHA AepeBHUX Bionanms:
1,2 pasis y 2050 p. (npoTu 8 pasisB AnA c/r 3aAuLLKiB).

e 3HayHe 36inbleHHA 0b6cAriB BUpoOHULTBA biorasy i pigKkux 6ionanums:
N0 4,7 MAH T H.e./pik Ta 3,4 MAH T H.e./piK, BianosiaHo, y 2050 p.

e 3ano4aTKyBaHHA Ta pPiCcT BUpobHMUTBA BiomeTaHy | MOTOpHUX Bionanus Ii
NOKONIHHA:

[0 2,4 MAH T H.e./pik Ta 0,34 maH T H.e./piK, BianosiaHo, y 2050 p.

10/02/2020 VTT - beyond the obvious
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BIOMASS

MS storage
RRARS T
Sl - o>

Agriculture| delivery radius 3-4 km

lands
Molasses 2t/d
delivery route 25 km o !
Sugar factory 60500

Ms24t/d
delivery radius 0.08 km , alepi@y—1
s storage 00 L£.PM 140-150 t/d

Pumping to fields twice a year

at 0-10 km distance

delivery radius 7.5 km | gt farm (5)

Lf.PM 10-20t/d

Raw PM: solid fraction >

Wi &=
Raw CM storage Q Pigfarm <50} O
- ‘ manure lagoons

Input mixing pit . &«

.' SEPARATION
o o’-‘%-&m 8 <
Raw PM: liquid fraction

sf.PM1.5t/d
— afly, T,  delivery radius 006 km
5554070

NOTES: Ms 12 tﬁ}ﬁ‘ delivery radius 0.08 km
@ Substrates and digestate lines Substrate MIX 37 t/d ¢, substrate MIX 139 t/d ¢, 00
Biogas i m10t/d delivery radius 0.05 km
gas lines A <« A I_ = ‘
— Heat lines oo
@ Electricity lines | “r Heat to atmosphere

Ms - maize silage
PM - pig manure

Biogas 5.9-8.2 ths.cm/d (CHa 60%)

2

8
f'fvl »If'm_l: ;ﬂaﬂ"?m M @ Biogas drying CHP 1.2 MW
-f. -liquid fraction k] Heat for AD process in ground | ’
.- solid fraction £ N
AD - anaerobic digestion 3 /.' <«

N I - Biogas plant electricity consumption 0.058 MWh
cm- cubicmeters Serew separator B! <555l OO 3
<4, digestate 19t/d
delivery radius 3-4 km Agriculture
lands

L{. digestate 171 t/d

I Electricity to ,mT T

T u 0.62-0.87 MWh |

(@)

Pig farm
12-15 ths. heads

Raw PM
separation station

MS storage

Raw CM storage

Mobile pump station

FEEDSTOCK

Pig manure - 140-
150 t/d
Maize silage - 36
t/d
A

Cattl ure -
10t/d
Molasses - 2 t/d

Case 3: Gals-Agro Biogas plant

PRODUCTION
PROCESS

Anaerobic
digestion
2x3600 m3

digestors (two
stages, 42°C)

PRODUCT

Biogas

5,900-8,200
m3/d (50% CH,)

Digestate - 171
t/d (liquid)
19 t/d (solid)

FINAL ENERGY USE

Power (biogas
combustion) -
9.5 GWh/yr

Heat -

30% for own
process needs

Agriiculture
application of
digestate

Country

Project name

Feedstock

Technology

Final energy use

10/02/2020

>

Gals-Agro Biogas plant

Gals-Agro corporation

Own agricultural residuals and by-products (pig and cattle manure, molasses) and maize silage. No gate fee.
Delivery within 7 km (manure), 30 km (molasses) by own transport

Standard wet process, raw biogas drying and desulfurization

Electricity generation in CHP unit for grid delivery and sell by FIT, heat for own process only, 1.2 MW,

VTT — beyond the obvious



Case 4: Biogas plant at Rokytne sugar plant Ltd

Ca

- s -‘9’3‘* CM / PL storages o elveryrdius SOk s it
SBP / MS storages M m
Sugar factory (ies)|Seivery radius 163290 km

delivery route 15 km
Poultry farm (s)
Ms 0.1 t/d Ms0.1t/d

M storage delivery radius 0.1 km_» & O % T"J>’o ‘;0' SiiEs:
L1155 t/d PL115S t/d s Substrates/ digestate line Feedstock Production process Product Final energy use

delivery radius 0.05km b g 4 il delivery radius 0.05 km Blogas lines P 8y

PL storage ® ¥0 0 oov* FLitorage — Heat lines
. . M 1025t/d €M 10.25t/d . . — Electricity lines . .
TN, delivery radius 0.05 km M &J%% qehvewrad.uso.os km il torage MS - maize silage Bar beet pulp - Biogas - ower (BIOgas
e} SBP - sugar beet pulp 150 t/d 11,300-17,900 combustion) -
deli dius 0.1 km Sep7554/d Sap7S A%/ CM - cattle manure " s
elivery ra B 9

SBP storage el ) el il

3
4x3600 m process needs

& deli dius 0.1k A —— ——— 12.6 GWh/yr
o) I % SEenRCusTIM sep storage Ly ﬁ?“‘f;vf"t‘d'{' Chicken manure Anaerobic m?/d (60% CH,) -
. N : = .I. - liquid fraction -~ . .
. * Lf.digestate 9281/d L. digestate 92.81/d Input mixing pit Heitionimosgihere: £F -soliifackion 23t/d digestion B Heat - 30% for
e - ﬁ AD - anaerobic digestion — m— . Digestate -
i om - cubic meters = S digestors (one & 8
@ @ Biogas 11.3-17.9 ths.cm/d (CHa 60%) ! ! stage, 42°C) 195 m?/d
(liquid),
| > E =l ; B

application of

CHP 1.2 MW viaize silage - 1td lid
Soll .
T T 0.2t/d ( ) digestate
; Consumption 0.108 MWh AR N ”
1.339 MWh i
& Heatfor AD process L e Heat to atmosphere
Digestate 381 t/d 'T\ 1 il
— sf. digestate 1t/d Biogas drying | h
Rokytne sugar plant filter fields - . in ground N
%45% ] cHP 1.2 Mw
= — - <« Digestate pit Screw separator i L
N LK. digestate 194.4 oy, .. ;
| . delivery radius 0.3 km i ‘m“-oﬂ'o Agriculture
. pumping 1km » s.f. digestate storage lands

 Camy P i

Feedstock Purchased agricultural residuals and by-products (sugar beet pulp, cattle and chicken manure) and harvested
for biogas maize silage. No gate fee

Technology Standard wet process, raw biogas drying and desulfurization (4x3600m?q)

Electricity generation in CHP unit for grid delivery and sell by FIT, heat for own process only, 2x1.2 MW,

10/02/2020 VTT - beyond the obvious




| Article | Ukaine | Finland ___________

Main feedstocks

Feedstock quality and
quality control

The average market
price of feedstock, €/t

Priority of biogas

utilization

Biomethane use

Biomethane prospects

Digestate application
Governmental support

The level of biogas
utilization for heating, %

Investor interest

10/02/2020

Predominant treatment of own raw
materials, no gate fee. Purchasing if
necessary.

Lack of feedstock quality control, bad
quality of purchased materials possible

0-25 (10)

Main driver - electricity production by green
tariff (FIT), no heat utilisation

No biogas upgrading to biomethane quality

Legislation is needed

Digestate field application is limited and
technically underdeveloped
Green tariff (FIT) for power from biogas

20-30 (for process heating)

Low interest of investors

VTT — beyond the obvious

Treatment of different raw materials including
manure, centralized organic waste treatment
based on gate fee

Quality control. Suppliers of feedstock are often
consumers of digestate

- (30-50) if gate fee applied

Priority of raw biogas for external heating,

2" priority - biomethane, no power production
(except CHP)

Biomethane can be use as motor fuel (local
feeling station) or delivered to industry
consumers in mobile containers

Lack of biomethane fuelling car and feeling
stations, governmental goal for number of cars
and fuelling station

Digestate field application among local farmers
based on no-cost approach

Governmental investment support (25%), fixed
price for biomethane (1.5€/kg). High price of NG

All available customers

Mid and high interest of investors



B

BIOMASS

Project #1 Ukraine: Biomass CHP installation of
public utility Miskteplovodenergia

* Biomass boiler heat capacity — 15 MW
* ORC unit power capacity — 1,6 MW
 Main fuel — wood chips

* |Investment -12,2 mill S

 Loan (WB)-9.6 mill $

e Energy production:

— heat -44 706 MWh

— power—7 160 MWh
Fuel consumption — 69 548 MW (23 kt)

* Energy efficiency of supply chain—77%

10/02/2020 VTT — beyond the obvious



Project #2 Ukraine: Biomass HOB installation of
private company LLC Ukteplo

* Biomass boiler heat capacity —10,5
MW

 Main fuel — wood chips
* Investment - 4 mill S

* Energy production:
— heat - 32564 MWh
— power — 0 MWh

Fuel consumption —38 300 MW (15 kt)

* Energy efficiency of supply chain —81
%

10/02/2020 VTT - beyond the obvious



BIOMASS

B

Fuel supply chain costs and emissions

Fuel supply chain based on old garden comminution at garden Volume: 2000 t
5560 MWwWh
P e TLde M
' Truck transport Unloading at plant
RAW material Felling Chipping Transportation Total:
€/MWh 5,33 €MWh 3,64 €MWh 1,212 € MWh 16,0 €MWh
4,85 EUR/MWh 100km
Motor fuels consumption and emissions CO2
0 kg/MWh 0 kg/MWh 1,97 kg/MWh 0,86 kg/MWh 2,83 kg/MWh
0 kg CO2¢/MWh 0 kg CO2¢/MWh 6,5 kg CO2¢/MWh 2,8 kg CO2¢/MWh 9.4 kg CO2¢/MWh
Fuel supply chain from forest residues and firelogs based on comminution at forest Volume: 23017 t
63988 MWh
é’g .v . . ""
M b e
l Truck transport Unloading at plant
3,2 €/MWh 53 €MWh 3,6 €MWh 0,823 €/MWh 20,0 €MWh
1,267 EUR/MWh/100km
Motor fuels consumption and emissions CO2 Total:
0 ka/MWh 0 kg/MWh 2,0 kg/MWh 0,5 ka/MWh 2,5 ka/MWh
0 kg CO2/MWh 0 kg CO2/MWh 6,5 kg CO2:/MWh 1,8 kg CO2¢/MWh 8,3 kg CO2:/MWh
10/02/2020 VTT — beyond the obvious




Production process (Gap impact -20). No special high productivity equipment for
chipping wood residues to provide large quantities of raw materials for powerful

energy objects.

Product (Gap impact -20). High price of wood chips from firewood. Produced
thermal energy can be not competitive with traditional fuels (gas).

Heat/Power generation and product (Gap impact -25 ).. The lack and high cost of
special equipment for burning of wet fuel and bark.

Final energy distribution (Gap impact -20). High level of state regulation of heat and
electric energy production and limited level of projects profitability.

Heat final use (Gap impact -20). Problems with grid connection, seasonal
consumption of thermal energy, lack of a clear state policy and support for waste
and renewable energy consumption.



HeobxiaHi 3aKOHOAaB4Yi 3MiHU

JlobitoBaHHA HeobxiAHOro pPiBHA KBOT AEpPrKaBHOI NIATPUMKM AN MNPOEKTIB Ha
6iomaci/6iorasi.

BAOCKOHa/NIEHHA MeXaHi3My CTUMYNOBAHHA BUPOOHMLUTBA | CNOXMBAHHA 6iomeTaHy.

BAOCKOHANEHHA MexaHi3My CTUMYNIOBAHHSA e/IEKTPOreHepyoUYmMx MNOTYKHOCTEM Ha
6iomaci, 6iorasi i b6iomeTaHi AnAa poboTU Ha PUHKY BaNAHCYIOUNX NOTYIKHOCTEMN.

3anpoBageHHA MeXaHi3My CTMMY/IIOBAaHHA BUPOLLYBAHHA | BUKOPUCTAHHA
eHepreTUYHUX KynbTyp B YKpaiHi.

& NiaTpMmKa BNpoBaaKeHHA CUCTEMU e/IEKTPOHHOI TOpriB/i TBepaMm bionannsom.
@ MiaTpumka BnpoBagXXeHHA  KOHKYpPeHuii B CUCTemax LUeHTpanizoBaHOro
TenaonocTavyaHHA.
MiaTpMKa po3pobaeHOro MexaHi3amy CTUMYHOBAHHA BUPOOHMUTBA | BUKOPUCTAHHA
piakux 6ionanus i 6iorasy Ha TpaHcnopTi.

@ MpocyBaHHA HeobXiAHOCTI BigMIHM cnnaTM NoAaTtky Ha BuKugu CO2 KoTenbHUMMW,
TEC/TELL Ha 6iomaci i biorasi.

10/02/2020 VTT - beyond the obvious



Mu pobumo manbyTHe 3eneHnm!



