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WASTE - WHATTO DO WITH

UNIVERSITY
IN PRAGUE

> EUROPEAN BIODEGRADABLE WASTE PRODUCTION 13-10°t, IN 2015

agriculture residues, food wastes, biodegradable municipal solid waste,
waste biomass from gardens,...

Typical usage = landfilling, combustion, composting, remain on field

> DECRASE IN LANDIFILLED WASTE BY 65 % TILL 2020
(European Commission, EU 99/31/ES)

WHAT TO DO WITH?




CTU

CZECH TECHNICAL
UNIVERSITY
IN PRAGUE

> THERMOCHEMICAL (GASIFICATION, PYROLYSIS) AND BIOCHEMICAL (ALCOHOLIC
FERMENTATION, BIOMETHANE, BIOHYDROGEN,...) TREATMENT OF WASTES

WHATO TO PRODUCE, HOW TO TREAT IT, LARGE-SCALE APPLICATION?
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MOTIVATION FOR BIOREFINERY

processing

Biomass from
municipal solid wastes

BIOREFINERY = ENVIRONMENTALLY FRIENDLY MULTI TECHNOLOGICAL
TREATMENT PARALELLY PRODUCING BIOPRODUCTS, BIOFUELS AND BIENERGY
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WASTE - HOW TO USE IT?

> WASTE BIOMASS => ALTERNATIVE ENERGY (BIOOIL, SYNGAS, BIOMETHAN,
BIOHYDROGEN, BIOETHANOL) AND BIO-CHEMICALS (SACCHARIDES,
ALCOHOLS, ACIDS, FIBRES, ANTIOXIDANTS, ESSENCIAL PRODUCTS, OILS...)
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* PRESSED PEELS OF GRAPES - RICH FAR ‘YLACOO'LS AFTER
FERMENTATION (AMYLALCOHOLS = SOFTENER FOR PLASTICS)

* CELLULOSICFIBRES — REINFORCEMENT OF BIOCOMPOSITES

* RICE PEELS - RICH FOR SI02 —> PRODUCTION OF SILICON CARBIDE
FIBRES -> CERAMIC REINFORCEMENT OF COMPOSITES

 OILWEED -> EXTRACTION, BIO-DIESEL PRODUCTION
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BIOREFINERY CONCEPT
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L fibrous waste J L biowaste J Legend:

l [ raw material

pretreament, defibering, separation

) o

cellulosic fibres < hemicelullose, lignin

l l ( product >
drying anaerobic

l fermentation

| ntermediate“_:_': :

process

biomaterial

| bioenergy |

¢— /Jﬁ site product
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material Composites, plastics/  fertjlizer
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oil waste Legend:
. biomass |
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waste Legend:
_ biomass
=-___l____--f l raw material J
dr\/ing — gasification —> syngas .
l <_intermediate -
purification process
conversion
J_ ( product )
< ethanol -

| | ¢ biomaterial
( higher alcohols [ ethanol ) ( bioenergy )

| site product |




BIOREFINERY'S ECONOMY

SYNGAS ECONOMICAL
AL VALUE
LIQUID GASES
BIOFUELS HYDROGEN
METHANE /COM POS|TE\

/ POLYMER \

HEMICALS AND HYDROGE

VALUABLE / BIOFUELS \

BIOREFINERY
PRODUCTS

WASTE

CHEMICALS / A AND CHP \
—
ADDITIVE TO FOOD
POLYMERS AND SUPPLEMENTS QUANTITY

NANOCOMPOSITES

HOW TO OPERATE ECONOMIC FEASIBLE
TECHNOLOGY WITHOUT SUBSIDIES?
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TECHNO-ECONOMICAL FEASIBLE STUDY
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BIOREFINERY'S ECONOMY
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INVESTMENT COST =1SBL + OSBL + DE + EaE

ISBL - price of apparatuses S i

OSBL~ 20-40 % ISBL

Piping systems, electricity, engineering
networks, building, insulation, paints

DE - design and realization
DE ~ 0.1*(ISBL+OSBL)

EaE - financial reserve
EaE -~ 0. 1 * ’SBL . . PROCESS STREAMS _

Biomass Biomass Milled Biomass | Biomass Circulation| Milled Biomass
A g L . i input input biomass input | extrusion loop biomass |[to process
Fluctuation in material prices, design (N N I S NN LI IO S
moisfure %hm) - 4-20 4-20 >20 =30 - - 88-92
= = d tt % - 80-96 80-96 <80 <70 - - 8-12
and realization work e e e e
tempera ture PO | - - - - 50-80 | 30-40




| BIOREFINERY'S PRODUCT COST

TOTAL PRODUCT COST =OP + GEN

OP- OPERATIONAL COST [ . rn

* consumables, _ vitamin B12
operating, 10y uranium 235 o
supervision, 4 proments from elgse =\ penieili
energy, service ngm | n —,
and maintenance, W waste water
insurance, rates, cooper o\ 4 )
rents and taxes... 107

\
GEN- GENERAL COST R e

Concentration in raw material (% wt.)

Wages, advertising, transport,...

SIMPLE PAYBACK TIME = INV/CSF
INV=INVESTMENT COST; CSF=ANNUAL CASH FLOW




BIOREFINERY'S COST

DEMAND TO TECHNOLOGY
HIGH CONVERSION EFFICIENCY

EASY PROCESS, NO OR SIMPLE PRETREATMENT
NO DEGRADATION OF PRODUCTS

MINIMUM WASTE GENERATION

MINIMUM ENERGY DEMAND

HEAT RECOVERY SYSTEM

MINIMUM USAGE OF CHEMICALS



BIOREFINERY'S COST

DEMAND TO APPARATUSSES

EASY CONTROL, SERVICE AND MAINTENANCE
CORROSION RESISTANCE

MINIMUM OF EXPENSIVE MATERIALS AND SPECIAL
PARTS

COMPROMISE - WORKING VOLUME TO PRICE OF
EQUIPMENT

LOW FINANCIAL DEMAND IN INVESTMENT AND
OPERATION
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CONVENTIONAL BIOGAS PLANT
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IS THERE POSSIBILITY TO REACH PROFIT WITHOUT SUBSIDIES ?
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.....| CONVENTIONAL BIOGAS PLANT

digest ‘
storage 550 kg/h igester second digester

with gasholder

mixer o - l

digestate filling s’rofiDrN @
1111 condensation
— \ pit
#6—
central

manure pump station

storage

tank J @

desulphurisation air

chimney

flue gas circuit

storage tank

4 transformer
M@ ” ™
generator CHP plant gas pre-heater

PAYBACK PERIOD = 25 YEARS
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'y
Toer oo P
1 ST CON CE PTION ? f(.’]ll[]l:l"clrlll'l.‘
550 ka/h © Wheat
straw . . .
9 . :_- LTS (T staying expansion ISBL Capital Cost [SMM year] 3.816
! OSBL Capital Cost [SMM year] 1.562
HZ? Knifed screw Engineering Cost [SMM year™] 1.068
conveyor
: Contingency [SMM year?] 0.534
) To . Total Fixed Capital Cost [SMM 6.945
X Thermal-expansionary P : year] )
pretreatment '

T i — , :
14 tSET time Variable Cost of Production 0.10
[SMM year?]

38 Fibers Fixed Cost of Producti SMM
THERMAL EXPANSIONARY ed CostofProduction 0.70

|
14 year?]

PRETREATMENT Cash Cost of Production [SMM 0.80

9 e ﬁl
fermentation
| Gross Profit [SMM year!] 0.20

.o INCREASE IN BIOMETHANE UP Total Annual Capital Charge

[SMM yearl] 1.44

Total Cost of Production [SMM

year?]

2.24

Combustion/CHP

Pay-back period [year] ‘ 30 E

( . Heat &

| ! |
" Electricity - Residues




CTU

CZECH TECHNICAL

UNIVERSITY
IN PRAGUE

UPGRADED BIOGAS PLANT

2ND CONCEPTION

550 kg/h

Wheat
‘ straw

1

H20
Milling

Hydrolyzer

E

Fibers

|-

Anaerobic
fermentation

l 5

Biogas
l 5
6
+«— Upgrading
CO2 etc.
1=
Biomethane {

Residues

slama t“
|:">4#5T5 s’ H-110 }@ ““‘
'.,. 0.5 kwhg t'TS B-113 . .*
ot . - 35 kWhe t'TS ““‘
19kg s’ ..O.W,ﬁg ““
15°C *, *
ns»:wr:;r"rs Ce, S ““ vt
'.;E kgs” 25 kWhet'TS
°§°,C. T 31kgs’
Ly 100°C
RS
e‘u:\ﬁw:?ﬂ‘e
tt“““ A 120
“““ 36 fggg;l: 169kgs"!
”‘ 100°C
”"’ w-118 V119 Ce,
. ot 2025 KWhe TS 260 KWhe TS Su;ﬁmL
THERMAL-EXPANSIONARY PRETREATMENT kg :
ISBL Capital Cost [SMM year] 2.59
OSBL Capital Cost [SMM year!] 1.04
Engineering Cost [SMM year?] 072
Contingency [SMM year] 0.36
Total Fixed Capital Cost [SMM year] 4.71
Variable Cost of Production [SMM year] 0.16
M ECHAN ICAL SIZE Fixed Cost of Production [SMM year]
0.53
Cash Cost of Production [SMM year] 0.69
Gross Profit [SMM year™
o [ year™] 0.18
TO 40 %
Total Annual Capital Charge [SMM year?] 0.98
Total Cost of Production [SMM yearl] 166

[

Pay-back period [year]
——

\ s J
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BIOGAS PLANT AS BIOREFINERY

3TH CONCEPTION

EMISSION GASES AND WASTE

‘ Wheat lv
straw
l co2 HEAT FOR ALGAE PRODUCTION
H20 Knifed screw 7
B
conveyor H20 . Surplus + 02
1 » Algae growing
9 10
Thermal-expansionary | 8
pretreatment 13 I " Floc. agent
.
12 Flocculation 12 ISBL Capital Cost [SMM year] 11.142
; 11 OSBL Capital Cost [SMM year?] 4.457
Fibers 7 15 Engineering Cost [SMM year1] 4,145
lz Centrifuge Contingency [SMM year] 3.611
Anaerobic 14 Total Fixed Capital Cost [SMM year] 23.356
fermentation m
eam - - 1
sterilization Variable Cost of Production [SMM year] 458
Fixed Cost of Production [SMM year?
16 [>MM year] 1.69
. Drying Cash Cost of Production [SMM year] 6.27
17 Gross Profit [SMM year] 0.19
Packing Total Annual Capital Charge [SMM year?] 4.84
Total Cost of Production [SMM year!
l s [5MM year"] 11.11
Residues et 7 \
Electricity Algae |
powder Pay-back period [year] | 59 2
)
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L fibrous waste J L Lo sie J Legend:
___________l___________ o l___r_aw materia_l___

pretreament, defibering, separation

: oy

~ cellulosic fibres hemicelullose, lignin >

l l < product >
drying anaerobic

l fermentation

< intermediate -

process

biomaterial

. bioenergy

site product

treatment

|
biogas

msulatlon relnforcement digestate
material Composites, plastics \ fertilizer | \electricity, heat /

PAYBACK PERIOD =4 YEARS




FUTURE OF BIOREFINERY

» THOUSANDS OF STUDIES HOW TO TREAT WASTES
APPLICABILITY IN INDUSTRIAL SCALE?
> INDUSTRIAL BIOREFINERY
TECHNO-ECONOMICAL STUDIES ARE URGENT + SCALE
UP RULES DEFINITIONS FOR APPARATUSES

Until 2010 2010-2015 2015-2020 2020- >
1 T ) ]
Crop based biofuel Lignocellulosic based Bio-oil based biorefinery Advanced biorefinery
CHP and biofuel Biocomposites producing chemicals,

polymers, food additives,
composites, high value
chemicals from wastes

N2 N2

Coprocessing with coal Coprocessing with coal and oil and
carbon capture and storage




