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( ‘ P / DESAFIOS - The Challenges of Globalization
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Sao Paulo KOSMOS Workshop

Berlin meets Sao Paulo: Cities for All — Livable and Sustainable

Lecture 4: Waste to energy
Chances, Possibilities and Technologies on example of some Brazil and African Cities
Prof. Suani Teixeira Coelho, IEE-USP
.. and of some German, European and Iranian Cities
Prof. Frank Riesbeck, HU Berlin

Sao Paulo, 9 April 2015
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General overview

 CENBIO’s presentation
 Traditional biomass vs Modern biomass

* Energy from residues
— Brazilian experience
— African experience
— Cuban experience
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< IEE CENBIO - THE BIOENERGY GROUP
-,, USP GRADUATE PROGRAM ON ENERGY

CENBIO — the Brazilian Reference
Center on Biomass — created in 1996 at
USP (agreement with the Ministry of
Science and Technology, the State
Secretariat of Energy of Sao Paulo and
the (NGO) Biomass Users Network

Nowadays — CENBIO — Bioenergy
Research Group at Graduation Program
on Energy (PPGE)/Institute of Energy
and Environment/ USP

!

Studies/projects on Biofuels and
Bioenergy

Bioenergy sustainability




CENBIO’S TEAM “@”

Coordination: prof Suani Coelho

Special contribution: prof J.
Goldemberg

12 PPGE’ Students in 2015
— 1 pos doc — Alessandro S. Pereira
— 1 PhD —Vanessa Pecora

— 4 PhD candidates — Javier
Escobar; Adriano Violante;
Manuel Moreno; Luis G.
Tudeschini

— 4 MSc candidates — Fernando
Oliveira; Naraisa Coluna; Dafne P.
Silva; Thaisa Waiss

— 2 undergraduate students — Pedro
Germani; Brunno Boyadjian
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The United
Nations Secretary
General Advisory
group on energy
and climate
change (AGECC)

— 1.5 billion people
without electricity
access worldwide

— 3 billion people
using traditional
biomass for

cooking and
heating

Energy Access

Energy for a
Sustainable Future

@

THE SECRETARY-GENERAL'S
ADVISORY GROUP ON
ENERGY AND CLIMATE
CHANGE (AGECC)

SUMMARY REPORT AND
RECOMMENDATIONS

28 April 2010
New York
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Figure 5. Biomass Resources and Energy Pathways

Furpose- Forest Agriculture Food and municipal Fuel wood,

Zrown and forest fibre wastes™® crop residues,

Crops residues processing dung fram harvesting
residues and scavenging
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Food Anirnal Chemical Materials
feeds feedstock
hModern
bioenergy
Incustry
Source: REN21- B
Euikings
2014

*Drganic solid and liquid wastes
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Soue:
Saa Endnota &
forthissaction.

Global annual
primary biomass
demand
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CENDBIO

* Energy from residues
— Brazilian experience (and CENBIO’s projects)
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. CENBIO
International Institute 4
for Sustainability Analysis
and Strategy

Wood pellets

Javier F. Escobar — PhD candidate "0 EU BC&E 2014 CCh-CongosCare

z Hamburg, German
4 22nd European Biomass i !
W Conference and Exhibition 23 - 26 June 2014

Possibilities of sustainable wood

prod uction, increase in sustainably O PERSPECTIVES FOR SUSTAINABLE
WOOD PELLETS PRODUCTION IN

& \ T o
produced wood energy and the ’ |

impact on developing and emerging

Abstract
M M Brazil is 8 country with severs| sdvantages © act as 8 lesder in agro-industrial and sihicutture seciors, i those dedicated to

countries — Study case Brazi e e e e s
\geographical mnditions are quite fevorsble and there am ovsilsble amas with sdequate charsderistics of soil and dimate mnditions,
making it the country’s lamgest gathering of quantitati ive advantages 1o lead the i ion and use of biomass
energy ona without ition with other arops such as food orops.
introduction
Acording o the Mafionsl Enemgy Balance 2013, biomass cumently epesents Woed patmpeen in iy ey sl - Sl
‘about 27% of primary enesgy supply, and wood is an imporant source of energy .
with marethan 10% ofthe primary energy used in the couniry. :

Waod bioenergy s in facta form of energy not so wel and i T T
jgreat potential gains in the near futue. Ht is estimated that wood energy has been Hdoporer andslazaziy
responsible in 2012 for the producion of 30,4 Mioe, same order of magnitude as Sugr e oy
otherrenawablesources [1]2] 7'5’-\70“«(':_'21 =dligms

The mnsumption shares ar 34% charmal
[for iron/sieel sedor), 28% industial {mainly
for heatipower in pulp and paper sedor) and
28 % residential sedor (moking pumoses)
and 10% in agiciliue (mainly for heat

e

B purposes)[2]

Methods & Materials

According to this study, fram these 70 million ha, it is predicted that 10
millionwould be occupied by soybean and other grains, 5 million tomest
family farmers needs and 25 million for orops for enengy purposes (sugar

Laretuow iy Boueezch e e Savaty - 10nwae [P

f - % cane, oil palm, etc). Fromthis ctive, there arestill
LOTACAO DA PECUARIA < - 30 million hasubjed to occupstionwith other cultures, for example, forest
. e plantation, which has seven milliontennes to meet the productive wood
I <05 B 25 -3,0 sectors of the country. If in instituti oh we can
- 0,5-1.0 - 30-35 expect Brazilto sceelerste the sustainable expansion offorsst
% plentstions, reaching anaverage growthof1 milien halyesr, Infact it
1,0-1,5 1l 35-4,0 pre— must be consideradthatthere satills highdeficitof forest fors to
15-20 - 40- 4'5 A 0 250 500 1.000 supply {charaoal + ceramic industry) in a sustainsble way.

20-25MM45-50 Kilomaters
= I ¢/

=




it Wood Pellets “@»

Energy production from residues from the prunning of urban
trees. Case study Campus of USP — Sdo Paulo - Master
candidate Dafne Pereira da Silva

Objective:

To evaluate the potential for energy production from residues from urban
prunning through densification process. A case study for the Sao Paulo
Campus of USP

* Moagem
» Secagem
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Brazilian Electric System

Sistema Isolado
Sistema
Interligado
Belém

S8o Luis “Fortaleza

Tocantins

MNatal

Teresina

J.Pessoal

Recife

Maceid
Aracajd

interligagio
Norte/Sul

n,laﬂmm;ﬁ.a Salvador

Guiaba su:jemerﬂmdesm

WVitdria
Paraiba
do Sul

Itaipu Rio de Janeiro

12.600 MW S&o0 Paule
Paraguai

LEGENDA
Garabi 230 kv
2.000 MW 345 kW
i 500 kv
Argentina S

@ Frincipais Bacias

Porto Alegre
@ Principais Centroa da Casga
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< ", Biomass for power production in Brazil
' (2013)
Installed Powerin Brasil (MW)
10.000

1.000

100

10

1

Sugarcane Black Liquor Wood Biogas Rice husks Charcoal

Bagasse

Residues

Elephant Palm Oil
Grass

Biomass — 7% of the electricity generated by thermoelectric power plants

Bagasse from sugarcane - 80% of this power.

Forest-based biomass - 15.8%

Other types - 1.8%.

Source: ANEEL, 2014
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A\ Electricity surplus from sugarcane . g
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7,.USP bagasse cogeneration v
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IEE Brazilian Isolated System < 6 N
Energy production from wood residues CENBIO
Enermad Project — 200 kW

| k1

s Village = State of Para —
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Brazilian Isolated System

Energy production from agricultural residues _
IEE Small scale biomass gasification system < ‘ >
Joint Project Brazil (CENBIO-IPT/USP) — India (11Sc) cES'°
Sandra Apolinario (Master thesis)
Brazilian Amazon
Aquidaban village « 700 people - 180 households;

*  Cupuassu crops 100 ha;

«  Before the power plant - cupuassu
fruits sold in natura (low added value)

* Need to improve economic activities

« 20 kWe installed power for freezing
systems

« Agricultural residues: cupuassu husks



\\| Biogas Energy Conversion « 6 o

> IEE Technical, Economic and Environmental Analysis of Biogas from .. n&.:o
-~ SP

. v
%00 Sugarcane Vinasse
Manuel Moreno R. Poveda (Master Thesis)
é 300.000 R
250.000
L]
E 200.000
[-*]
=
& 150.000
&
=
'E 100.000
50.000
0
2010/2011 2011/2012 2012/2013
Safra
25
20
3 15
£
£
S
©
-
E 10
~
&
~
Q
Q
» 5
0 | I .
0. Fertirrigacdo in natura 1. Concentragdo 2. Biodigestio + 3. Incineragdo + 4.m +
eletricidade eletricidade con uso
veicular
-5
Cendrio




Biogas-fired Microturbine — Biogas from Sewage Treatment at SABESP Sewage Treatment
Station, Sao Paulo (first one in LA) — Master thesis (D.F. Costa)

Biodigestor for Sewage from Guest House
at USP - Master thesis (V. Pecora)

" l/”

S = -

Y
Otte Eng‘ine 4

Anaerobic Sludge Blanket -
- *-\\3. A

|

]
Convénio Sabesp = USF/IEE/CENBIO
ETE Barueri~Microturbina

Engine and control system



Biogas Energy Conversion from Sewage Treatment -
H Use of biogas from sewage treatment for energy purposes < ‘ )
IEE (Thaisa Waiss - Master thesis) CENBIO

1600

1400 4 -

Measurement . >78%

>2,4X _ % : Biogas real production
% ) : } : Case study: ETE Atuba

=
=
T Sul — Curitiba - Parana
P ) -

200 -

| % L &
0 - N
R4.3 225,26 303,26 518,99 546,75 688,63
-200 Nm3/h Nm?/h Nm?/h Nm3/h Nm’/h Nm?/h
MOUIH‘JO LQDJ'UQI{2011} CETESB‘ (2006) UNFCCé (2013) cnernlcna'n‘o (1987) ®»CC I{ZOUE}
A
AMAZONAS / PARA & A ARANHIE CEARA
. Brasil ‘ ; RV vi‘r\amlzeuco
Brazil : I ALAGOAS
§/7°"D°N“ TOCAN”N.S BaHIa. SEROIPE
. MATO GROSSO Y., =4
,-‘4,,: et paz GoIAs ;
Bolnna ‘ ; Bms"'amms GERAIS [
. ESPIRITO
K = MATO GROSSOJ i SANIO
DO SUL RIO OE

k/j / sko PAULG,, £ IANEIRO
;ﬁ Paraguay

Asuncuén PARA
g b llba
Ch“e;' iz '} CATARINA
i fm mo GRANDE ., £

4 DO SUL

IREITA. (’ M
Samm ‘ Umguny

o‘f% Ru |Pnns Aires




Sewage Treatment Plant Arrudas -
COPASA

Belo Horizonte - Minas Gerais / Brazil

Installed power: 2.4 MW (12 microturbines - 200 kW each)

Exhaust gases - thermal energy for heating the digesters



Biogas from pig manure

CIBIOGAS

s ENERGIAS RENOVAVEIS Ajuricaba Agroenergy for Family
Farming — Parana State

Itaipu Binational and Municipality of
Rondon

International Centre for Renewable
Energy - Biogas / CIBiogas-ER

00 000 7500000 00 ax0n o000 Smn0

Producéo de Biogas

- 33 local farmers;

- Effluents average daily flow rate: 48.43 m3

- Biogas average daily production: 821.8 m3;

- Thermal use of biogas for gain

dryers/cooking;

- Electricity average daily production of 1.15
MWh (power engine);

Quilémetros |
Projegao de Referéncia SADBYUTM
Fuso 21 Sul, Meridiano Central 51°WGr.

Base cmo'g'mﬁca Banco de Dados CIH
=) imagem Retirada do Google Earth

https://www.cibiogas.org/




=, Usp National Policy for Solid Residues CES

X

FINAL

RESIDUE DESTINATION

= reutilization

= recycling

* composing

" recovering

" energy conversion

3,000 municipalities, with less than 10,000 inhabitants with inadequate disposal (42% of the residues collected
have no adequate disposal in landfills)
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FINAL DESTINATION OF USW IN BRAZIL

L.1.4 Destinacao Final de RSU
“igura 4.1.41 - Destinacao final de RSU (t/dia)

110232
105111 ...
43881 4§r.__-l‘-1-1
132 32.296 32.946
2012 2013 2012 2013 2012 2013
Sanitary landfills  Uncontrolled landfills  Inadequate disposal
Aterro Sanitario Aterro Controlado Lixdo

Fonte: Pesguisa ABRELFE

Tabela 4.1.4.2 — Quantidade de Municipios por Tipo de Destinag&o Adotada — 2013

2013 — Reqgides e Brasil

Destinacao Final
Norte MNordeste Centro-Oeste Sudeste Sul BRASIL
Sanitary landfills az 453 161 B17 703 2.226
Uncotrolled landfills 148 645 —SoT— 775
Inadequate disposal 158 206 121 1.569
BRASIL 0T o060 T.191 5.570




IEE Urban waste x Energy access x HDl in N/NE < ‘ »
B Brazil CEF'®

v

[ 7 :
Guiana |~  Guiana
/ | Francesa

GLOBAL NETWORK ON ENERGY
FOR SUSTAINABLE DEVELOPMENT

Facilitated by UNEP

Project: Biomass Residues as Energy Source to Improve Energy
Access and Local Economic Activity in low HDI regions in Brazil and
Colombia



\I Project: Biomass Residues as Energy —
\ Source to Improve Energy Access \
: IEE and Local Economic Activity in low < ‘ D
& USP ) ) . . GLOBAL NETWORK ON ENERGY
. HDI regions in Brazil and Colombia FOR SUSTAINABLE DEVELOPMENT CENBIO
Facilitated by UNEP b 4
B Water and Sewer Access B Solid Waste Collection
. . (=}
Population without Water and Sewer Access: oo o
(=)
248,310 (42%) s

72%
7%
84%
e Q9

o0
3
SX00 NI ~ o0
o N~ N~
o | I I I N I

o
@ X
N
(0.0]
RS
<
N~
Population without Solid Waste Collection:
114,070 (19%)
| III III III

Population without Electricity Access :
135,532 (23%)

1 69%
9%

35%

L WiplA

A

C AM RR PA MA Pl PE AL BA



Energy from Urban Solid Waste

IEE
Comparison between Solid Waste Energy Recovery

Technologies using Life Cycle Assessment

Objective: a comparative study thought the Life Cycle
Assessment (LCA), of power generation from municipal solid
waste and sludge of sewage treatment plant, using tree
different treatment technologies

Mechanic — Biologic Treatment

Landfill

The study considers Barbarian technology

Fur Umweilt- und Energietechnik

Incineration — @ MARTIN CmbH

seil 1925




Energy from Urban Solid Waste -

IEE Comparison between Solid Waste Energy Recovery
So- Technologies using Life Cycle Assessment

Baixada Santista Coastal Area
1200 t/d
90% USW - 10% sludge

Incineration

Scenario | — No recycling

Scenario Il — Recycling (catadores)

Landfill

i ' TMB

Coelho et al, 2014 - 22nd European Bioenergy Conference, Hamburg, June, 2014 -
http://www.etaflorence.it/proceedings/



Sao Joao Landfill — Sao Paulo

http://www.gasnet.com.br/conteudo/4578/Biogas-gera- -
eletricidade-e-creditos-de-carbono-a-partir-do-lixo Bandeirantes Landfill = S3o Paulo



“Baixada Santista”- North Coast- Sao
Paulo State
MSW transportation

‘ OnyxsSassa Tremembeée

Ubatdiiead v

Aterro Sta Isabel Anaconda Onyye Sansa

Caraguatatuba 52 vd
Santa lkahel

S, Sebastiso as v
Hhabeka 15 vd
Onyx Sassa

Cubatado 62 od
e Santos 290 +1d
- Guaruja 1971 vd
S, Micente 200 va 2;!"";." '::"."'“"
- Gemnde 164 14 DAL 696 NOVGH
* Aterro Lara

Mongagua 23 ¢d
ttanhadm 51 vd
Fervibe 29 1vd
Alerras pdprios

EMAE, 2010
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IEE @

@

Valorsul incineration plant — Lisbon
(photo - CENBIO, 2012)

EDIOS DAS EMISSOES ™"

e @”"”'S'ﬂ VALORES M

imite®
iohaA LinhaB LinhaC Limi
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"t Incineration — Existing Difficulties in Brazil c=n=1o

Strong rejection of civil society (lack of
information):

— Toxicity of exhaust gases (dioxines and
furanes): lack of information about the » PPN
existing cleaning technologies; INGINERI\G’EU NiO

— Possible impacts of jobs for recyclin 72 gl do e, |
workers (catadores workers): lack o
information about the benefits of recycling
before waste-to-energy processes.

MINAS GERAIS MARCHA EM DEFESA DA
COLETA SELETIVA SOLIDARIA

High initial investment.

High generation costs - Electricity
production cost: BRL 300/MWh — EUR
85/MWh — 0.85cents/kWh

Lack of policies to incentivate waste-to-
energy technologies.
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IEE Waste to energy - USW plants < »

CENBIO

BAVARIA/SAO PAULO JOINT PROJECT v

Resolution SMA 079/Nov, 2009
Emissions standards for Sao Paulo

(based on European Community standards)
CoT Co HCI HF 02 M MP Diicod nias

Diowcins
Limites Legais - Inddstria B0 - 20 3 AE0 260 20 0,1
Legal imits - Industry
Limites Legais - LRE 10 &0 10 1 &0 200 10 0,1
Legal imits - WTE plant
Emissfes Usuais - URE 1 10 1 0,1 1,6 150 1 0, 005

Usual limits — WTE plant

Tahbiela 4 - Limites de Emissio & Emissies Usuats na Alemanha
Table 4 - Limits of emussion ond wsuol emissions i Garmany

Res. CONAMA 382 (26/12/2006)

Fonte: Sao Paulo, 2010 MP < 730mg/Nm3, NOx ndo se aplica



Incineration plant in Sao < ( ‘ ) >

IEE Bernardo do Campo CENBIO

. . . ~ v
municipality — Sao Paulo State
Sao Bernardo do Campo queima lixo para gerar energia Start-up 2016
SEL’]’)?(?‘;RUT(?O ﬁmg ESTUFA COMPOSTAGEM
= /L,
e, B

ﬁ Dejetos sdo trazidos por é Depois, o material organico & é Residuos passam por processo
caminhdes, levados a uma levado a uma estufa, onde os de compostagem em ambiente

esteira onde é feita uma biogases sdo retirados para fechado, onde podem ser
separagao magnética daquilo geracao de energia vendidos para a indistria
que pode ser reciclado (metano, principalmente) agricola como fertilizantes

Aincineragdo serd capaz de suprir a metade da

A incineracdo serd capaz de suprir 2 metad Rl E el energia de Sdo Bernardo. Usina de incineragéo

- 2 ; AU 2 - 2 i ENTRADA SISTEMA DE INCINERADOR ~ TURBINA/ FILTROS CHAMINE
A cidade de S3o Bernardo do Campo recebera a primeira instalacdo de aproveitamento da incineracd DE LIXO RESFRIAMENTO GERADOR

lixo entre o final de 2015 e o inicio de 2016. O projeto conta com o orcamento de R$ 600 milhdes, vi

disponivel para colocar a usina em pratica.

0 lixo € queimado e o vapor gerado € usado para movimentar as turbinas. Nesse processo, a inciner

sera capaz de suprir a metade da demanda de energia de S3o Bernardo, cidade que possui cerca de

mil habitantes. A usina vai gerar até 22 megawatts/hora.

s 11 bilhdes de toneladas de lixo diariamente no mundo, €, por conta ﬁ Ha um processo de sele¢do é O restante do lixo que ndo é Os gases resultantes da
siins frmnb e M= WA Lo s S do lixo (metais, papéis e pode ser recuperado segue queima passam por processos
plasticos s&o separados para incineragéo, onde a de filtragem antes de serem
mecanicamente) energia € gerada e liberados na atmosfera, por
encaminhada para a meio de torres, em forma de
rede elétrica vapor d’agua

Gl.com.br

http://ciclovivo.com.br/noticia/sao-bernardo-do-campo-queima-lixo-para-gerar-http://jornalggn.com.br/blog/luisnassif/a-termoeletrica-a-lixo-de-sao-
energia bernardo-do-campo



Gasification of Urban Solid Waste < 6 »

IEE CENBIO

Carbogas plant - Maua, Sao Paulo, 2014 v

i v—
imm allilnumz*m»n [

b =

b i i ‘.lmll lllnll““l““ | |..

Gasemcador 2 GCal - Planta Plloto

e\ — ATRIX et 'I 073 Cd>
260

Parar Processo

Pressione apenas
em caso de Emergéncia

E_

fi— Modo Automatico
‘em Manual
Modo Manutencdo

X

RESTS

| Usasirio: AOMINS TRATOR ) 06/08/2009 07:47:37




USP

™
¥ a .
& v e

AMOUNT OF USW ELECTRICITY PRODUCTION
POTENTIAL

1200 t/d (large municipalities)
60 t/d (60 000 people)
5 t/d (5 000 people)

20 MW (incineration)

1 MW

75 kW (gasification)

Electricity conversion technologies for
USW

Tabela 21 - Classificacdo quanto ao porte do municipio em relacdo ao

numero da populacdo residente - Brasil — 2000.

Classificacéo de acordo com o tamanho da populacédo Num.e rro.de Relacao ao
FTTTCITTIC e
[Pequeno Porte | até 20 000 4.074 - 7326% >
Pequeno Porte I De 2ouuTae oo ooy Yo 17.32%
Médio Porte De 50 001 até 100 000 209 5,38%
Grande Porte Mais de 100 001 225 4.05%
Total 5.561 100,00%

Fonte: Elaborado pelo autor com base no IBGE, 2000.
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ITANHAEM MUNICIPALITY

SP.

Sao Paulo Suzano
[iis)
Sdo Caetano - 13
@ Ao o) B

5]

Sao Bernardo e ¢ RS
v.Guaraciaba, 430 5%

7 PP Rio Grande
dasSerra

Santasy
Guaruja
1e1l Praia Grande !
Peruibe Parque

Figura 42 - Trajeto da destinacéo dos residuos do municipio de Itanhaém -

Fonte: Google Mapas.

ENERGY CONVERSION FROM USW IN ITANHAEM MUNICIPALITY —
SAO PAULO STATE
MBA thesis — Luiz H. T. G. Miranda

P N
«@®»

CENBIO
v

A

tanhaém

Figura 9 - Mapa de fluxo de residuos sélidos urbanos no Estado de S&o Paulo.

Fonte: SMA/CPLA (2013).
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— African experience — Second Bioenergy Week




== GBEP

Global I ergy Partnershij

Republica de Mocambique
Ministério da Agricultura

Zoneamento Agroecologico

Resultados do Pais, excepto Maputo : MOZAMBIQUE

- 4 ¥ ¥ i ; - Mozambique: Track Fieid
Apresentacao dwr-rsimzninje Bioenergia
Maputo, 06 Maio de 2014 ___——=—
Example - Zoning VVALE N*"FGV PROJETOS ' .

- % & = " _,//-\_.f
Agroclimatic Zonlng Edaphoclimatic Zoning Edaphic Zoning 1 S -
i—=i b

B - -
e ‘ ) e
Water defici ‘ ' R its
> ‘L ¥ .. ——
f _-
e ]
E\npotranspira:ion - ;wng-etem ponasu \/
Sy e '\!_ -
Protec ""“L'j'- n e

LIRS
b S uvmwua Wopem
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The G
Small Grants
Programme

Egypt [U[N]
[D|P]

Dissemination of Biogas Units
in Minia

June 2008— Dec. 2009
Abdullah ElI-Nadim Foundation in Minia

m
Mg S ) 4 3

Prof . Dr. Ahmed Abd EI-Ati Ahmed

Egypt - GBEP Focal Point




Cogen for Africa Project

e renewable
Lc_ il ener;
(qo & ere AFREPREN/FWD

] nergy, Environment and Development Network for
partnership .

C ES
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Source: Coelho, S.T., Project
Mid Term Reviewer, 2011



Cogen for Africa Project
Energy supply for households around the plant

renewable

energy

& energy AFREPREN/FWD

nergy, Environment and Development Network for

efficiency
partnership

e
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-Source: Coelho, S.T., Projest |
Mid Term Reviewer, 2011~ TR N :
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05 General overview

N
’l

 CENBIO’s presentation
 Traditional biomass vs Modern biomass

* Energy from residues
— Brazilian experience
— African experience
— Cuban experience
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UNIDO/UNEP/GEF Project

Generation and Delivery of Renewable Energy Based
Modern Services in Cuba - The case of Isla de la Juventud

Cocodrillo Power Plant —Isla de la Juventud
Wood fixed bed gasifier

* 50 kW installed

* Indian Institute of Science (India)

* Different types of wood

* Local grid — small community

Source: S.
Coelho, Project
Technical
Reviewer - 2014
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UNIDO/UNEP/GEF Project

Generation and Delivery of Renewable Energy Based
Modern Services in Cuba - The case of Isla de la Juventud

La Melvis Power Plant — Nueva

Gerona - Isla de la Juventud
Wood fixed bed gasifier
 2x250kW

e Ankur (India)

» Different types of wood

* Local main grid

Source: S. Coelho,
Project Technical
Reviewer - 2014
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Thanks ! A

@

Danke!
Obrigada!

CENBIO — PPGE/IEE/University of Sao Paulo

(suani@iee.usp.br)
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