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1. Overview

New fuels

* Non-food biomass

« Cellulose and vegetable fibers
* Microalgae

« Waste
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Types of wastes/effluents

o Premogi oo

« Municipal Solid Wastes

Demolition and Construction wastes

Forest residues

Industrial and Agro industrial effluents and residues
Wastewater treatment plants and Sewage Sludge

* ()
Agricu“ural e AgrOindUStry = .

food waste, crop residues, Nut shells, fat, wastewaters and waste
waste oil, green waste, sawdust, tallow, from:

sewage, straws, splinter, lard, cork,

plastics, leaves, fibers, intestines, wineries,

paper and cardboard, stalks dead trees, blood, olive oil mill,

textiles and leather, stovers, leaves, processing waste, coffee torrefaction,
Construction and Demolition Waste. prunings, branches, manure. paper pulp industry.
wood chips. etc.
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AP2112:) Potential GWh/year

Animal manure 1,088

Forest residues 11,578
Agriculture residues 4,528
Wastewater treatment plants 207

Municipal solid wastes 1,600
Energy crops 8,378

Total 27,379

10% of the energy demand
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AP2112°) Hydrogen production

o Promogs oo Hetogenio

Primary Energy Secondary Energy Conversion Intermediary Final Energy
Product

Solar, Wind P

Algea from

sunlight :
_ BIOCHEMICAL , “
Biomethane CONVERSION

Biomass Biogas

Ethanol = 2
Veget. Oils ﬁ

HYDROGEN

THERMOCHEMICAL
CONVERSION

SMR

Steam methane reforming
POX Syngas
Partial oxidation

ATR
Autothermal reforming
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Sugar Platform
“Biochemical”

Residues

Biomass

Clean Gas

Syngas Platform
“Thermochemical”
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Sugar Feedstocks

Conditioned Gas
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Technologlcal
Technol Benefi Li Appli

AP212°)
Reduction of mass (70%) and volume (80%), high capital cost, public opinion objection, Combustion in

Jaschets e
o Premogi oo

Combustion/ Heating, Electricity and

Fast and simple process, energy recovery of produces toxic slag, air pollution, dioxin boilers and TRL-9
Incineration . . transportation
waste with good LHV emission furnaces
. . . S Syngas rich in Heating, Electricity,
, L High capital cost, high sensibility processes, S = . u
L Wide range of applications and feedstocks, o . . hydrogen and transportation, fuels and
Gasification . . . low flexibility, risk of mechanical failure, . . TRL-7
High conversion efficiency . carbon high value chemicals
condensate production .
monoxide
. .. e . . . Sugars, Heating, Electricity,
Explosive Transformation of lignite, solubilization of Production of toxic compounds, partial ) & i & . v
. ) . digestible transportation, fuels and TRL-4
el =5l | hemicellulose degradation . ,
products high value chemicals
Additives, high value
High yield, High capital costs, high maintenance and Bio-Oils cherlnli\éals BT Vet
Pyrolysis reduced syngas treatment, reduction of operation costs, high viscosity of the . ! » . TRL-6
) BioChar, Syngas transportation, heating
waste volume (90%) produced oils .
and electricty
Additives, high value
Low conversion efficiency (20-60%), higher Heavy oil, ! I.V .
Hydrothermal . . . . ) . . . chemicals,
! . Higher LHV Bio-Oil and low moisture content pressure equipment and higher capital cost intermediate , , TRL-4
Liquefaction . transportation, heating
value chemicals .
and electricty
Homegeneous and stable products, eas . . . Torrefied . ..
Torrefaction pelleti{iing, hliJgh LHV, hydr:phol:)?c ¥ Low energy Density, high ash quantity biomalss Heating, electricity TRL- 8
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Torrefaction

Thermogravimetric profiles for samples R1, R6, R7 and L1
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Hydrogen production from biomass

| Air Cleaned
v Dried l Product sSyngas
Feedstock drying | Waste | . . .. | 93° || Gascleaning | |
/syngas cooling (cyclone + filter)
Ash &
| condensates
'Cleaned
Adjusted syngas Possible uses
(controlled > Alcohols
H2/CO ratio |
-------------------------------- p 2 memprane )vb Liquid biofuels
separation |
| 9 Energy production
v
Purified
H2
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Costs

Cost (5/kWp)

514 000,00

512 000,00

510 000,00 L l
$8 000,00 u

L
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Waste to Energy Technologies
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AP2H 2:—)/

Assooiacho Poriuesa
o Promogs oo Hetogenio

Technological
Readiness

Limitations
Level

Technology Benefits Applications

Solid waste reduction, high moisture
& Need to treat and clean the

o . content feedstock, methane and . Biogas, bio Heating, Electricity, transportation,
Anaerobic Digestion o . biogas, unstable system, large . . . TRL-9
carbon dioxide rich biogas, low cost o . digestate fuels and high value chemicals
. - facilities are unattractive
organic fertilizer as by-product
. . . Additives, high value chemicals,
. Does not contribute to increase of Limited to sugar, starch or . . .
Fermentation . . Liquids and CO, transportation, heating and TRL-9
greenhouse gas emissions cellulose rich feedstocks .
electricty
the photosynthetic bacteria are Hydrogen, Additives, high value chemicals,
. P 4 . Low-efficiency, inhibited in the yeroB o ‘g .
Photo-Fermentation capable of using a range of the resence of oxigen Carbon Dioxide, transportation, heating and TRL-4
electromagnetic spectrum P B organic acids electricty
capable of converting a wide range of . Additives, high value chemicals,
. Low theorical limit, imature Hydrogen, . .
Dark Fermentation wastes, scalable technology , . . transportation, heating and TRI-3
, . technology Acetic Acid .
independent of light electricty
Low power consumption, low by High cost of the enzimes, slow . .
. . . . . . high value chemicals,
products production, does not require reactions, necessity of high Ethanol, amino . .
Enzyme Treatment : . L . transportation, heating and TRL-8
toxic catalysts, can result in a reduced  purity, limited in temperature acids N
solvent and ph range i
High internal resistance, high Hydrogen, .
Hydrogen Production, low ener; cagital cost, production regatl Myethagne Wastewater treatment, high value
Microbial electrolysis sl ! =V P 'P & v , chemicals, transportation, heating TRL-4

consumption, effluent degradation

2. Waste-to-gas
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Swine houses

Swine houses effluent
Q=33 m%

COD = 1120 kgid

COD removal = 1%
COD = 1008 kg/d

MIXER

SCREEN

2. Waste-to-gas

C LT

CCD = 666 Koid Heat = 620 kiwhid

‘Biomethane = 158 m*/d

COD = 202 Kg/d L —

=}

DIGESTER

¥
Sludge

‘Combined heat and power

=3

L

EBICMETHANE TANK

Power = 238 kWhid
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= Electrochemical step

COD =200 Kgid Hhver
A & v
-
Eiclogically treated &7
swine wastewster } ' H_ =37 5Kgd
LoD =302 Kgd | =
COD removal = 1% - Paower = 1330 kWhid
COD= 300 koid w=050
./__"__
; L i
=) giig}-- s
| =
N COD removal = 305
= A\ i . £OD = 80 kgid
P ‘ Es= y
Sludge

EFFLUENT ELECTROCHEMICAL HYDRCGEN FUEL CELL LAGOON
TANK SEEILIE REACTOR ‘ STORAGE ‘ ‘
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SOLID FUEL

Steam

Air or
Oxygen

7N

Thermo-chemical

Raw
Syngas

process produces
synthetic gas

W i

i
>

Solid and liquid
wastes

Y

SYNGAS
CLEANING
PROCESSES

Thermal gasification
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Ash

WASTE
MANAGEMENT

2. Waste-to-gas

PRODUCTS APPLICATIONS
Portable gaseous fuel for:
» Water-gas shift reaction > - Fuel cells
| Chemical looping combustion - IC engines
REFORMATION
: ; - Electrical end use
> OR » Gas turbine + steam turbine » "
Combustion of syngas - Battery powered vehicles
SYNTHESIS
oR »|  Fischer-Tropsch proP-21 > P°"ta_b:g i:‘n”'?n:!":' s
Syngas converts into diesel 9
CONVERSION
SNG Portable gaseous fuel for:
OR > Substitute Natural Gas »| - Home heating & cooking
Further reformation of syngas - Industrial thermal utilities
ANALYSIS

A

Anaerobic bacteria converts
CO in syngas into ethanol

Portable liquid fuel for:
- IC engines
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= Pilot gasification plant
Bubble fluidized rector

Assocacto Portguesa

~

|
Blomass Freding Sysiem = —J- Sy i air Filter
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Properties of some biomasses and residues
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Parameter Unit Biomass
Pine | Acacia |Hemp | Rice | Peach Dried |Pinebark| Olive Olive Meart and | Tires | Plastics
husk pit timber stone | press-cake | bone

Moisture content wit% ar®| 8.6 7.8 7.9 o8 133 0 16.7 94 8.0 88 08 02
Volatile matter wioar | 80.6 | 757 | 719 500 66.4 80 57.6 578 70.97 50 64.5 78.3
Fixed carbon witear | 82 | 125 42 14.7 193 194 245 197 19.48 83 296 0.9
Ash wittoar [ 2.6 40 16.0 15.6 1 0.6 1.2 131 0.65 329 5.1 06
Lower heating value (LHV) | MJkg | 171 | 176 | 231 1388 | 16.18 1631 16.42 16.36 203 152 386 316
Carbon wioar | 51.6 | 442 | 457 388 4549 520 46.24 4322 5387 30,6 75.5 692
Hydrogen wtoar [ 6.0 54 7.1 4.6 6.26 6.3 502 5.56 88 52 7.1 T4
Nitrogen wt%oar [ 2.8 14 35 13 0.73 0.4 0.19 1.86 203 81 0 0
Oxygen wiear [ 228 | 331 | 152 206 3322 40.5 2075 26.86 26.51 522 11.8 234

*ar—as received basis.
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gg'r'ttaelcefé'rc: Experimental conditions and syngas analyses.
Rt s Experimental conditions Forest residues Coffee husk Vines pruning
~ Temperature (°C) 815 815 790 815 790 790 790 790 815 mom .
AP2H2 Admission Biomass (Kg/h) 63 74 63 28 28 41 25 55 55 - i
g Air Flow Rate (Nm/h) 94 98 98 75 72 80 52 40 40 2nom} o
Ratio 02/02 steichiometric 111 0,99 1,16 2,63 2,52 1,96 2,96 0,58 0,58 200000 )
Syngas flow rate (Nm®/h) 106 94 100 106 88 116 107 108 102 40000 . I
Syngas fraction (dry basis) 1::;: i j\é
Hz 8.2 84 7.6 124 7.6 1.5 5.1 10,4 12,7 i 5 O j\ L
co 186 180 179 114 111 106 83 117 14l : ST T
CHs 4,6 4.4 4.4 1.6 24 2.4 1.1 2.4 2.3
CO2 167 171 171 187 170 185 165 201 179
Nz 48.0 482 492 52,3 54.2 55.2 56.4 512 49.1
Syngas composition (g/kg dry biomass) ; P—
co 438 323 399 ZL1 S12 308 R}58 328 373 + ] byt
[ H2 14 11 12 55 28 25 38 21 24 ] 4o
CH4 02 45 56 50 71 05 03 39 36
CO2 620 483 602 1836 1380 1390 2675 888 751
Syngas NHV
MJ/Nm?3 516 502 4093 334 320 3,07 1.99 346 4,02
KWh/Kg 1.13 1.09 1.07 0.73 0.65 0.63 0.37 0.73 0.89
Cold Gasification Efficiency 0.41 0.30 0.37 0.60 0.47 0.42 095 045 049
T

2. Waste-to-gas
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—_— st Two-dimensional Computational Fluid Dynamics (CFD) model - MSW
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AP2112°) Economical Evaluation — CDW + Forest residues

Type of gasifier Fixed bed PCI (MJ/m?) 5,2
Operating yield (%) 16-18 Volume produced (m%h) 21,93

Operating time (h) 12 Biomass consumption (kg/h) 6
Days of the month 21

Days of the year 252
Feedstock

Energy contained in biomass (kWth/ kg) 5,28

Energy produced in one year (kWe.month) 179606,7
Current costs

Amount (ton/year) 226,8 Deposition in landfill (Eton/year) 2245,32

Price for landfill (€/ton) L Energy spent per month (kWh) 39884,5

Annual readjustment of landfill 1,12 Expenses with the installation of a gasification plant
Forestry material

“‘ e
(@]
m
(@]

2565810
Amount (ton/year) 2041,2 Maintenance costs (€/year) 25658,1

Price of the chip (€/ton) 25 Costs with forest biomass (€/year) 51030
T weome
_ 2000 Non-referral to landfill (€/year) 2245,32

Price of electricity produced (€/kWh) 0,2 Electric power saved (€/year) 138791,1

Price of electricity consumed (€/kWh) 0,29 Sale of residual energy (€/year) 35921,34

Operating costs (% investment) 1%
Life time (year) 30

8
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Waste-to-gas (P2G)

Solar PV

Wind

Electric Grid

Electricity]
lco?
—> Electrolysers Methanation
Hydrogen CH,

Gas Grid
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Hydrogen in Energy transformation

Enable the renewable=energy system

Enable large-scale
renewables integration
and power generation

Distribute energy
across sectors and
regions

Decarbonize end uses

Act as a buffer
to increase
system resilience

060

Help decarbonize
transportation

Help decarbonize
industrial energy use

Help decarbonize
building heat and power

Serve as renewable
feedstock
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Armazenamento de energia

AP2(12°)

Cenario comparativo entre as formas de armazenamento de energia

Forma de
Armazenamento de Tempo de resposta Vida Util
Energia
Eletroquimica Baixo/Elevado < Segundos Baixa (2-10 anos)
Elétrica Médio < Segundos Média (15-20 anos)
Cinética Elevado Segundos/Minutos Média (15-20 anos)
Potencial Baixo Segundos/Minutos Elevada (40-60 anos)
Térmica Baixo/Médio ‘Minutos Média (15-20 anos)
. . T . . e Energy Storage
Quimica Médio Segundos/Minutos Média (15-20 anos)
1 1
Electrical Energy Storage 3 Thermal Energy Storage
] 1 1 1 1 ]
Mechanical Energy Chemical Energy Electrochemical Superconducting Cryogenic Energy Sensible Heat Latent Heat Storage ~ Thenmochemical
Storage Storage Energy Storage Magnetic Energy Storage Storage *  Phase Change Heat Storage
*  Flywheel *  Hydrogen *  Supercapacitor Storage *  Liqud Air *  Ceramics Materials
s Pumped Hydro *  Biofuel *  Batteries Energy Storage e  Concrete (PCM)
*  Gravity *  Biodiesel & Molten Salts *  lce
¢ Compressed Air *  Chilled water
*  Liquid Piston

3. Power-to-gas
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AP2/12:)

o Promogs oo Hetogenio

Congumo total da

. Energia Produzida’ - Excedents de
153,141 9%

47.136
Instalagio Energia Consumida Ezergia(kWh)
Energia produzida [Energiz Autoconsuma; 4E g
40541 ) ) 238% | Eficiéncia Eletrolisei®) 25%
pela central Energia Produzida
Energi Excedente/ Energi Patencial de Produgio H2
nergia para T ncedente : nergia % otencial de Produgio H2 o
autoconzumo Produzida (Nmd)
Energia Térmica do H2: 181,32 GJ
Autoconsumo fotoveltaico com produgio de Hidrogénio
[{balango energético de 1a 7 de Julho de 2017)
"

— e g PO el Central ——Comimo tota d eiaaclo  —— Prosu(o HE [Nm 3

| i |

MNP DR @ SN MOl SO XN GOLEnT ohEd ORI MR RN GarXnd  mEal Srerm
o e N 1t e 1300 i i a0 s D 1 A 1
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Tipo de célula PEM PEM Alcalina

economica o
Poténcia 36 360 36 360 36 36

Caso de Estudo - A

AP21:2°)

VAL (euros) -5499 | 326586 | 49354 | B33 6B2| 12871 | 37444
PRI (anos) =13 6 ] 3 9 5
TIE. (%) 1.2% 183% | 164% | 382% | B.0% 20,9%

Caso de Estudo - B

VAL feuros) 33913 | 6570 | 4040 | 270208 11869 | 6171
PRI (anos) >15 15 >15 g 13 13
TIR (%) 6.8% | 33% | 20% | 13.7% | -15% | 47%

Caso de Estudo - C

VAL {euros) -4649 | 163786 | 23962 | 427686 | 5462 | 28436
PEI {anos) =15 6 7 3 9 5
TIR () 0.2% 172% | 150% | 36,0% 74% 19.4%

Caso de Estudo - D

VAL (euros) -G834 | 5466 | -1974 | 37190 | -2833 -103
PEI {anos) =13 =13 =15 9 =13 =15
TIF. (%a) -8.3% 1.5% 0.3% 11.3% | -3.1% 2.8%

Caso de Estudo - E

VAL (ewros) 38598 | 58091 | -16 363 | 130671 | 17753 | -6825
PRI (anos) =15 =15 =15 10 =15 =15
TIR (%) 98% | 02% | -16% | 8.8% | -47% | 0.9%

3. Power-to-gas
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Conclusion

The Waste Biorefinary with Thermal Gasification rout is a good
alternative for descarbonization and waste valorization by permitting:

- Production of alternative sustainable fuels and hydrogen;

- The promotion of waste recovery technologies;

- Alternative technologies for waste combustion/Incineration that are
more Green.

Waste and Renewables are an National Energy Strategic Reserve!

4. Conclusions

{ )
eco”/
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Thank you for your attention

pbrito@ipportalegre.pt




