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Solar cookers
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Electricity Consumption by Customer Class
Transport
19

Commercial*
22%

Industrial
44%

Residential
33%

Future global energy consumption.

oo Renewables include, waste,
wind, PV electric, solar thermal,
Wood ocean current, ocean thermal,
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Metal Bus Foil

Pressure
Sensitive
Adhesive

Substrate

Pressure
Sensitive
Substrate Adhesive

Crystalline Silicon (c-Si) Solutions

Junetion
Box Bonding

Light
Redirecting Film
Charge Cellectie
Cell Pesitioning
e Silicon Cells

Labkeling
E 1

P

Frame Bonding
Frame Free

Coszmetic Masking
Dielectric Insulatien

Anti-reflection Coating

Thin Film Solutions



Dielectric
Insulation
"' Rail Bonding
Junection Box
Bonding

Charge-Collection Encapsulant

Glass —/

Junction Box
Bonding

Lakeling —

Front
Side
Film

Charge-Collection ————

Dielectric
Insulation _.f
Backsheet e Encapsulant
Lt Increased
Redirecting
Film Power
AR Coating Imprﬂ‘\"ﬂ‘d
Aesthetics
=
E e Improved
REyEEE ' Durabil
Y It
Frame-Free ngf.ltﬁl'
Conventional Tape WBIQM S

Module am Materials



arabolic trough .
P 5 Receiver

Concentrator —, and Concentrator —
generator
Receiver

System boundary -

Recewver |

Solar Two power tower system

1,050°F
== Hot salt Cold salt
,.E LN storage tank storage tank
AR . R
||J II “"-n-.,_\_\_\_\_\_ -\-\"'\-\.\_\_H.\-\- /
| ! Tl
N .
Steam
/ generator

Substation

Mo . Condenser
Steam turbine cooling tower
and electric generator



A house with a PV system.

The main parts of a raimvater system are:

=* the roof collection area

= 3 storage tank

= pipes to carry water to and from the tank

- valves on pipes fo confrol the flow of water

=» appliances |such as a shower) to use the water.

The main parts of a PV system are:
= the PV panel
=3 3 storage battery
= wires to carry the electricity to and from the battery
=» a controfler to control the flow of electricity
= appliances [such as lights] to use the electricity.

Chemical/ Thermal Mechanical
Nuclear Ener - E —®  Electricity
Energy By TNergy
Fuel Cells (e.g., batteries)
Solar Cells
Solar Thermal Mechanical .
Energy : Energy — ™ Energy —=  Electricity




Solar Radiation

i

Photovoltaics (PV) Solar Thermal
Solar cells, photovoltaic arrays Heat exchange

Solar Hot Water
Q)

Concentrating Solar Thermal

Parabolic trough, power tower,
parabolic dish, fresnel reflector

LN

Process Heat

Space heating, food processing
and cooking, distillation,
desalination, indusinal

hot water
Development and Processing, Transport,
Resource Exploration Product st End Use Market
Bantary
SOa08

. Industry
Solar photovoltaic @

Commercial

Water heating Residential

AERA 105




silicon
: junction
pP-type

silicon
photons
electron flow

el
O

+ "hole® flow




Concentrating Solar Thermal Plant

» Parabolic Trough Solar Thermal System
» Central Tower Solar Thermal System
» Linear Fresnel Solar Thermal System
» Parabolic Dish Solar Thermal System

» KSU Indigenous CSP Systems



< | ~ Sun Path - ‘\

HT N \ Parabolic murer

The Solar Collector
rotates along its axis
tracking the sun

Absorber
Tube

Reflector

Solar Field

/ Piping

Focal
Point
P

Parabolic Dish Solar Thermal System

éj\,‘v .1'-"_.
=

et

Central Tower Solar Thermal System

565°C

Hot Salt" Cold Salt

Condenser

Conventional
steam turbine
& generator

P

POWEREN.IR

288°C Q'

Heliostat Field



sun rays

second stage reflector

Compact Linear Fresnel Solar Thermal System

Linear Absorber Linzar Absorber

Linear Tracking Reflectors

Solar PV modules
Supphying DT,

PV electricity Inverter Switchboard Meter Electricity
output (DC) {electidty in house) network (gid)



( PV Cell Types j

|
Crystalline Silicon ity
( (wafer based) ] [ Thin Film j

Special j

Poly-crystalline ) 4' Amorphgusﬁi J C:
{a-Si)

ompound semiconduct

or
eg GaAs-based

: Tandem
S ) [ &Siﬂ’microcrystalline)

cles )
{Copper Indium Gallium
Selenide)
~
2 Commercially
CdTe available product,
{Cadmium Telluride} y suitable for Singapore
R&D or pilot stage, or
N\ unsuitable for
4[ Dye-sensitised (Ti0,) sl
A B

Mono-Crystalline Silicon PV Cell Poly-Crystalline Silicon PV Cell

+
e
> *
+ +
e
+ ¢
+ +
+ e

b

Mono-crystalline Poly-crystalline Flexible amorphous
silicon silicon thin film

B

CIGS thin film



Technology Module Efficiency

Mono-crystalline Silicon 12.5-15%
Poly-crystalline Silicon 11-14%
Copper Indium Gallium Selenide (CIGS) 10-13%
Cadmium Telluride (CdTe) 9-12%
Amorphous Silicon (a-Si) 5-7%

Cell Module Array

Photovoltaic cells. modules, and arrays.
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Negative
electrode

n-doped
silicon

electrode

The design shown is
an example of a typical
liquid-cooled collector.

Bax Air-cocled collector
design will vary
accordingly

SN
Mote: for further information on ;
collector design and performance, iukbiBen ™
see manufacturers’ specifications

Solar PV

modules Data

communications

Inverter

AC DB

Meter

Grid-connected solar PV system configuration Supply from
power grid




OO0
[ e S S
saeseenen
COOC00000
OOO000000

PV array

Charge controller ﬁ
' @
®

=~ DC load

Battery bank

A

Y~

< >

P

Cool Water In

Inlet

Off-grid solar PV system configuration

Solar Panel to Heat Water

v q Sun Rays (Heat Energy)

Warm Water Out




a. Parabolic Trough

absorber ube
reflectors

b. Fresnel

c. Parabolic Dish

- Radliation from the sun
---------- (o Reflected radiation

Y% 2

Making electricity from the sun’s heat

Concentrated solar power The sun's reflected
A field of tracking mirrors focuses radiation intensifies
sunlight onto a glass receiver 30 to 100 times on
containing water that can be receiver.
heated to over 750°F. : Water passes to heat
exchangers for addtional
Parabolic heating using natural gas to make

trough high-pressure

steam.

Steam is fed to
turbines which
generate electricity.

,xﬁﬁ Electricity is
z_\" \,‘ transferred
\ f” from storage

through miles of pipes. substation.



sunlight

Water Outlet

Solar Glass

Anatomy of a solar flat plate collector

Insulation

Housing 1

e Trickling-water collector
e Liquid-based collector
e Air-based collector



Nk A Solar

- . Radiation
- -~

N\
ANL

D

Trickling Cold water

Upper
Manfold o .

Gravity fed
Water Flow

Sloping
Corrugated
Open Collector

Hot water

Heated Water Collecting Trough ouT

Non-power Plant Applications of Solar Energy

Solar water heating

Solar heating and cooling

Passive solar heating

Active solar heating system

Solar cooling system
Solar desalinization
Direct solar dryer
Indirect solar dryer
Solar cooker

Solar furnace

Direct gain method
Drum wall

Solar chimney design
Attached green house
Pool on the roof

N

POWEREN.IR



Panel

hot water to showers etc.

Hot Water
Cylinder

Boiler

J cold water feed

Pump Solar water heater diagram
Summer:
Good roof and . - exclusion
ceiling insulation NJS o~
{ 't
; . |
Avoid hot a0 ’}-Jw\‘ ”
summer and = - o

cold winter FIas
, Winter:
maximum
penetration

Deciduous trees
are good for sun
control

Well insulated heavyweight
internal walls Passive solar heafing

Hot Air Out

Insulated Casing

Glass //' g R

Food to be dried

A schematic of a divect solar drver

' Black Absorbtion Surface




e Solar Parabolic Cooker.

e Solar Panel Cookers and

e Solar Box Cooker

Solar Oven Panel Cooker Parabolic
Solar Cooker

Solar Power Plant Technology

Solar thermal power plants are divided into 5 categories:

Parabolic trough

Central recetver system (CRS)
Parabolic dish/stirling dish
Solar chimney

Fresnel collector

The main components of a parabolic power plant include:

Parabolic reflectors

Receiver; to absorb reflected radiations and heat the heat transfer fluid.
Steel made supporter and foundation

Electric power production systems

Heat transfer equipment

Equipment to transfer heat loss to the outside environment



Central
Receiver

—

Heliostats
SUN
POWER GENERATOR
POWER GRID Mg
S
Stirling power plant diagram 4%,
Boovamh /G'
<,
%
—
ENERGY STORAGE _— —
M i .

4
t
f chimney
f

. deflecton, ¥~ <— 4— <

< air flow



1500 m solar chimney

[400 MW]
170.00
1000 m solar chimney ﬂ
[200 MWW]
145.00 ll
750 m solar chimney |8 'l £
818 m Burj Dubai [50 MwW] ! Pl S
136.00 I l. B
i ‘ 1 ¢ K3
solar chimney f | =
l 30.00 ! * “
| 5 RN
120.00m ' J r“cl | n
~Ers | £ g [
& i = /|
g / \
Solar Chimhey SC —
’7 Collector Area CA — Turbine
\
O
T RN \[///A AN NN NSNS T AN NSNS S SNSTRSSS S R
Ground Generator coupled

to the turbine PCU




grid-connected small solar electric systems

Layers of a solar cell
Layers of a Solar Cell 7

kY Y

Sunlight

Glass Cover —» [
Transparent Adhesive —>
Anti-Reflection Coating —|_
N-Type Silicon ———= [

P-Type Silicon ——=
Back Contact —3m

Close-up of a PV cell

Sunlight

Antireflection coating

Transparent adhesive

1

:?
'/

[

n-type semiconductor f
p-type semiconductor Back contact
Closeup
n-type semicenductor ;_ Eront contact Current ——

Pp-n junction

p-type semiconductor ?

E e Current
@ = electron Back contact



Application of solar water pumping svstem

Solar thermal
collector

Hot
water
out
Hot water
tank — 545 L
exchanger
Pool
water Cold
tap
SRR water

| BN
PSRRI

Hot water heater piping schematic.
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Site selection

House layout

‘—

Rotate on the lot

‘7

1

‘ Pick solar technologies ‘

i

——»
Calculate payback
"
v Steps for solar construction

Project go

Air ventilation <—— —-1 l=— Quter vent
Upper ven I 3
|
Massive | ||| [Double-glazed
wall /F ‘/ window
Airlayer | |
Lower vent——
—
Trombe wall.
S UMMER
CEILING
} .

WARM AIR

WINTER

() 8eUTH
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Solar Facade

Solar

Collector .

Solar
Collector

Collector-storage

f

Loop
Charge

System 4

Wind Energy oL 3,



Types of support structure: monopile, tripod and gravity base structires

Support )
Structure Project
256, Management

Wind Turbines . Power
45% I“'ﬁ!};m" Pransamision
8%

Example breakdown of initial capital costs for an offshore wind farm

Planning &
Miscellaneous
Foundation O

Gnid
Connecticn
1%

Wind Turbines
64%

Example breakdown of initial capital costs for an onshore wind farm



Fixed-bottom foundation and floating offshore concepts

Floating wind
turbine concepts

=

Ballast stabilised “sparbuoy” Mooring line stabilised  Buoyancy stabilised
Suction i with catenary mooring drag ~ tension leg platform ~ “barge” with catenary
caisson embedded anchors ~~ with suction pile anchors mooring lines



Wind Turbine

Powerhead

Alternator
Tail Fin

Nacelle
Blades

Spinner

Tail Boom L .00

Mount

Tower!

Horizontal axis wind turbine

T

a dual-blade set wind turbine.



Horizontal axis
*  (Co-axial. multi-rotor horizontal axis turbines
+  Counter-rotating horizontal axis turbines
Vertical axis
*  Darrieus wind turbine
*  Giromill wind turbine or cycloturbines
*  Saronmum wind turbine
+  Terra Moya Aqua wind turbine
Location
*  Onshore
*  Off shore
*  Deep water
Aerial — Airtbome wind turbine — Not in practice yet
Ducted rotor




Types of horizontal axis wind turbine

T =TT up-win dewn-wind

Wind Turbi [
EVOLUTION |

Horizontal axis

Vertical axis

Giromill wind turbine

Co-axial, multi-rotor horizontal axis wind turbines
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S g S —
Mo N e O

Vertical Wind Turbine

Lift force

How the Darrieus
wind turbine works

E Resultant alrflow (red arrow) forms positive
! angle of attack 1o wing

Ajrspeed due to rofation

Parts of a Wind Turbine

Blades

Rotor

Pitch

Brake

Low speed shaft
Gear box
Generator
Controller
Anemometer
Wind Vane
Nacelle

High speed Shaft
Yaw drive

Yaw motor
Tower




Typical Nacelle

Low-spoad
shaft

Gear box

Generator

s Ane 1
| WI I'Hi nemoameaTter
| :I_i_rnctlcm

Yaw drive

Wind Vana

Yaw motor

Blades m__..
http:/'www.eren.doe.govi/wind/feature.himi

T3 r
Control panel Wingd yane

MNacelle Gearbox Coupling
Main shaft f
Hulb f
= ‘,-"'
= 3
1
NS —
o TN . \
Mainframe
Generator
Pitch control Yaw deck

Main bearing
Yaw control

Tower

A horizontal-axis wind turbine configuration



Blades

Size of Wind Turbine . "™ ity

D \

fG6m,
261t
164 ft
0ISMW LSMW  25MW 38MW 50 MW
Growth in size of wind turbines since 1980 and prospects
320
300 -| Rotor diametre (m)
Rating (kW e
280 ha ing (kW) o 250 m "“\\\
260 20 000 kW
240 - 150 m Future
220 4 10 000 kw wind turbines A

200 —
1804
160 +
140 4
1204
1004
80—
60+
40
20 @/~

125m  _—

Hub height (m)

Future



Raptor Wing Spans:

r 1500 KW Golden eagle: 5-7 ft
54 m ' Red Wing Hawlk: 2-4 ft

b A. Kestrel: < 1ft
2 44 m
g 40 m
.g 33 m
= 27 m |
Golden eagle wing span
(for comparison)
")
3
E
[#.a]
Blade — Airfoil Low Pressure
lop,
,/"’/"_’:‘T_“T/‘—::::::‘ gerpaﬂ’
NN T
7 )\ A 5
(O I p—

shorter path >

Airtfoil for BWC XL.50



Generation of Aerodynamic Noise

—— / Tip vortex

| eading cdee
separation possible

Turbulence in™
oncoming flow

) Pk I3
.J .J‘ - = f _—
wr — - [

- _— K Wake
—-"’."" .~ Transition
L laminar turbulent

Surface boundary layver




Blade Manufacturing Process

)\ MAT CREELS

T

: =
ING F BATH SURFACING F%FJ‘:IIITSSIED PULL BLOCHKS
VEL
CREELS
Pultrusion Technology
Rotor
K L Rotor ™ Ciamster =
— Biade —F§
Gearbox
Rotor Generator
Fixed s
I RAtch ‘
Rotor—
e I
— Tower
. SN
Gearbox.- -~ Generator
Horizontal Axis Vertical Axis

Wirid Turbine Cornfigurations

Foundation
Connections (Front View) (Side View)
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pV3‘4 V(z)_V(:;gf){

-
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qu-

Equator

South Pole

Idealized atmospheric circulations.

Hydraulic Actuator

Control Pump T

System :l)

Hydraulic pitch control system.




,{
Wind tm-l;i?‘ﬁ

Solar panel

Several typical types of vertical-axis wind turbines: (a) Darrius:
(b) Savonius; (c) Solarwind (d) Helical (e) Noguchi () Maglev
(g) Cochrane



WindSpeed turbine
Yaw misaliznment
Yaw angle
Unbalance

Rotor speed
Electrical power

A temperzture
Fain detection

i Aur pressure
Windspeed
metmast

Wind  du
D metmast

Lasd-lag somans
Flag ssecseass

Wend spesd
Wand direcson.
AT messperamre
As e

Pitchangle
Pitch velocity
Pitch set pomt
Servo current
Temperature
Servo motor
welocity
Accumulator

current

Servo biake
] status

Main  beaning
temperature

Main beanng
vibration




Reference
GRID Commands
OPERATOR TURBINE
L} Individual TURBINE
: Turhine
Cuontrol ; :
: TURBINE
UTILITY .| WIND FARM |Commnds i
GRID "| CONTROLLER Wind g
i Disturhbance Turbine
Frequency = — WIND Qutput
Measurements i PITCH [ TURBINE >
—»{ CONTROL £ 3 =
1 PLANT
—» TORQUE L.
s—»| CONTROL =
The two mechanisms of propulsion compared.
Propulisien Drag Lift
Ratation
Wind direction
Wind direction /
Diagram Wind direction

Relative Wind
Velocity

Wind direction
—_— -

Maximum

Theorefical

Efficiency

= Wind velocity — Blade velocity

16% [4]

Wind direction
B —

= J% Wind velocity® + Blade velocity(dr)?

30% [6]

Practical Efficiency

Tip losses
Wake effects

Drive train efficiency losses

Blade shape simplification losses




Rotor blades

Rotor Hub
with blade
pitch contral
cystem Geaar bax
Wind speed
and direction Rotor Blade
monitor -—\
" ! Central
B Clectrical Hub
control
systems
and
generakor

PR A R SR A

Yaw Mechanism

Turbine
Tower

Typical power curve of a wind turbine

storm protection shutdown
rated wind speed

typical average wind speed

cut-in wind speed

power (MW)

15 20

wind speed (m/s)
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Other renewables
{includes biofuels)

- balloon plants,

- fixed-dome plants,

- floating-drum plants.

Simple biogas plants A
Floating-drum plant B Fixed-dome
plant C Fixed-dome plant with
separate gasholder. The gas
pressure is kept constant by the
floating gasholder. The unit can be
operated as a continuous overflow-
type plant with no compensating
tank. The use of an agitator is
recommended. D Balloon plant E
Channel-type digester with folia and
sunshade




Fixed-dome plant 1. Mixing tank with inlet pipe. 2. Digester. 3. Compensating and removal
tank. 4. Gasholder. 5. Gaspipe. 8. Entry hatch, with gaslight seal and weighted. 7.
Difference in level = gas pressure in cm WC. 8. Supernatant scum; broken up by varying
level. 9. Accumulation of thick sludge. 10. Accumulation of grit and stones. 11. Zero line:
filling height without gas pressure.

Floating-drum plant 1. Mixing tank with inlet pipe. 2. Digester. 3. Overflow on outlet pipe. 4.
Gasholder with braces for breaking up surface scum. 5. Gas outlet with main cock. 6. Gas
drum guide structure. 7. Difference in level = gas pressure in em WC. 8. Floating scum in
the case of fibrous feed material. 9. Accumulation of thick sludge. 10. Accumulation of grit
and stones. 11. Water jacket with oil film.



Shape and load-bearing capacity.
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Collection,
densification,
transport and storage

Conversion to Distribution
energy carier and end use

Biomass
cultivation




synthetic natural
gas (to pipeline)

O SR i e plastics
o o e

medium heat value
gas to industrial user

digesters

An integrated waste

materials plant. This plant in Florida
has facilities for recovery of melals
and removal of plastics, followed by
anaerobic digestion of the remainder
The solid residue from the digester
serves as fuel for power production

{to
landtill).

separator

P@ fisunid
- T il
P v \

flue gas

scrubber

filtrate | turbine  generalor

[ incinerator

s |

filtercake

baoiler
ash —-@ to landhill
o —



A large-scale plant for
generaling process heat _ salety valve
from wood- chips ¢ steam drum

stand-by oil burner

5 MW steam boiler

waler cooled
_ turning chamber

Ly

Beonomiser

grit arrester

>

NUNINUNLON

NN

w to turbine chimneys
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Gas purification Gas storage

s 2 Biogas for
- . - . exploitation

I Biomass for
» fertilisation

Reception tanks Reactor Secondary reactor

Schematic diagram of a communal biogas plant.
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Rate of methanogenesis

Biological activity

Rising
Stimy

Inhibiting/Toxic

a

Salts can both stimulate and inhibit the biogas process.

1SnD 32epNg




Sewage
Animal manure
Plant residues

Biogas plant

Food —=

Biogas for
cooking

Fertiliser

Mulberry tree
with silkworms

Sludge (fertiliser)

~Fish pond

ANAEROBIC DIGESTION




Food industries
Agro- Industries
Households

"

Animal
farming

Crop
farming

AD plant

; Other biomass suppliers
Animal farms * Industrial organic waste
* Cattle manure * MSW(organic)

* Pig manure * Sewage sludge
Q * Poultry manure

' '
Transport System

|

Storage facilities

out in the fields Centralised Biogas Plant
* Homogenisation
T * Digestion
* Reduction of odour nuisance
Transport System * Sanitation
*

Nutritionally defined product

Fertilizer on the fields ’""1 _______ \ \

I

* |mproved utilisation of |
plant nutrients Separation i

" Reduction of the consumption l&——  of digested |
of mineral fertilizer biomass |

* Reduction of water pollution !
1

]

Biogas for heat &
power generation
" Renewable energy source
* CO,- neutral
* Reduction of air pollution
* Effective energy

utilisation




Landfill gas recovery system

Biogas end-uses

Sanitary landfills Digesters
‘ = Crude biogas«—l
- e
. U di
| jcrubblng pgra mk
Biogas Normalised natural gas
Boiler (burner) I,
l Turbine Compression
Heat i
@gw _ Vehicle fuel  Injection to
— Hot water L Electricity
public grid
District heat Use in industry, house, desk, farm

Glasshouse heating, other Overview of biogas utilisation



Individual Fuel Cell

------

yst

CateI
T
Catalyst

(for reuse) /. Electric /.
' Power

Biomethane 67 km

BtL (Biomass-to-Liguid) 64 000 km -

Rape seed oil 23 300 km + 17 600 km'ﬂ

Biodiesel 23 300 km + 17 600 km*ﬁ

Bioethanol 22 400 km

+14 40 km‘ﬁ

* Biomethane as by product
(rape cake, mash, straw)

Vehicle fuel consumption: gasoline engine 7.4 1M1 00km,
diesel engine 6.1 /1100 km



Feedstock substrates

Substrate Substrate
conditioning
— Delivery [ Crushing
—— Storage — Sorting

Digesting
technology

et digestion

. Pasteurisation

—Diry digestion

Gas
processing
system

— Dlischarge
— Cesulphurisation
— D'rying

P CO,-sequesiration

Process steps of biogas technologies

L Gas storage

Gas utilisation

— Heat

[— CHP(electricty
+ heat)

f— Feeding into
gas grid

Digestate
storage and -
utilisation

— Storage

[ Fuel cells

— Fuei

— Application and
Disposal

Delivery and storage

Insertion
transport. dosage
e

1. Process stage

Bizgas production
Anaerobic digestion inside the digester

=

2. Process stage

~

= —

Digestate storage and/or post 1
digestion
Digestate conditioning

Biogas

Bicgas conditioning and storage
Drying, de-sulphurization

] BN

Solid-liquid-separation

Biogas utilisation
Electricity and heat production

(optional)

1 1

———
Disposal or
composting
wihtout
Liquid Disposal, SOk
forSieer c : separation

3. Process stage

4. Process stage




Biogas

Energy

Biogas storage

Puost—digestion

Digester l

Mixing tank

Substrate pre-storage

Digestate storage

Digestate application

1 Stalls

2 Liguid manure tanks

3 Collection bins for biowaste (co-substrate)
4 Sanitation tank

5 Drive-in storage tanks

6 Solid feedstock feed-in system

7 Digester (Biogas reactor)

10

§ Biogas storage tank

9 CHP plant

10 Digestate storage

11 Agricultural fields

12 Transformer/ Power to greed
13 Heat utilisation
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Gasification

Primary

Resources
(no previous uses)
Secondary

N

Harvest
residuals

Secondary

. resources

Residuals

Tertiary

(end-of-life products)




Steam
BOILER o /\f Power

Proces steam/
ENERGY heat

Fuel m = COMBUSTION — &:ﬁiﬁé s Emission

!

Ash Ash

BOILER
@ Heat input

Heat output

Power

©

Gas . C]Hi::b‘.t‘
Qutlet

Tube

Inlet

Dirty =
Air ™

Conical
Section

lllustration of a Multicyclone Illustration of a Venturi Scrubber



Fabric filter

sE S

Clean gas

REI.ISE Compressed air
L]J—IJ—IJ— l J— I mecnanlnc‘.:alsllaker
Sustainability ¥ A
e
[ |
P :
@

The Waste Hierarchy J  seeeann

] Organic Fuel gas
Biomass W:LIUESIN Vapour el
Fast
rolysis ML
?‘jscg,c Pyrolysis Liquid
Sand&  cypq
| char
Air Flue Gas
Ash

Detail of an Electrostatic Precipitator

RECEIVING TANK

BIOGAS REACTOR _ GAS -
f GAS HOLBER > DEGASIFIED SLUDGE

TECHNICAL BUILDING

HEAT EXCHANGER
CHIMNEY"
GAS ENGINE BURNER

FEEDING PUMP

Process Flow of a Simple Biogas Plant
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Gasification Reactor Types - Fixed bed:
Updraft gasifier in power generation mode

A Uadraf gasifier
B: Gas hojer

C: Steam cycle
1. Gasification air

5. (Gas burner

B, Steam turkine
7. Pover

8. Condenser

9 Heat

10. Feed watet tank
1. Sack

Source; Carbons inc., Tampere - Finiend
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LT COMPTessOr
flowmcter
preheater
auxiliary gas
spouting gas
pressure 1ap
aur plenum
distributor
tempersiure @p
solid outlet
gas sample p
pyrolyser
rotary valve
feed hopper
secomdary awr
connector
electric heater
combustor
cyclone

fly ash

valve

filter

Vacuum pump
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b by Sunlight Carbon -
v, \ 4 dioxide
1 : Auto and
Py m fectory
v emissions
I Ocean

Animal Soil Plant exchange
Photosynthesis respiration respiration respiration

Organic carbon




Social impacts e ,’ b
- it = Available technology

Environmental impacts wjp . .
a evelopme

Economic impacts s Realistic potential
Minimizes impacts.

Economic potential
Available biomass that meets market
demands atthe intersection of supply

and demand.

Technical potential
Harvestable biomass limited by ecological, land-area,
agro-technological and topographical constraints.

Theoretical potential
Ignores competing land use and socioeconomic or political constraints.
Canresultin large potential values that are not helpful for policy decisions.

Biomass to Electricity

Consumers

; . Cro
g Xsen * o € Ammgls
| v

Process residuss Muricipal solid waste
Pt 4 O Ly & clearhlion ool P'loc;:srm
Yard trimmings - cung)
Non-recyclable of ganics

x5 SO (5,571 ez Direct Combustion s (3l !
e L IR T 5 Jaame 2g, L caKasT Pyrolysis - calsasT
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Thermal conversion processes and products
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BIOMASS

Drying

Crinding

removal

process

heat

ar export

cHar BIO-0IL

Gas recycle if needed

pa

Lest

per Nlber
L_]l"l eralor
E ; Gases
Biomass Drying Pyrolisys //" €O, CO;. CHa Ml L 0
[Cellulose, lignine, | 120-150 °C Dry Material |[500-500°C_ Valatiles
nemicellulose, 4 C:H-0 ‘l
6704 R :
mofsture 20-30% | feat” | charcoal
) Heat Char+minaral salt e
- e B Air.o;, H:O.
Gasification Reactions G"s'ﬂ“l':q €O,
Syngas C+CO; =2CO 900-1100 °C =
Fuel C+H,0 — CO+H,0
CO“'H:D -+ CO;{'H;




BINDING OF CO.

SUSTAIMNABLE FORESTRY
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Nuclear Energy ! < 5l
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= Dry steam plants.
= Flash power plants.
< Binary geothermal plants.

= Flash/binary combined cycle. =

Dry steam power plants
Flash steam power plants
a. Single flashed

b. Double flashed

Binary cycle power plants

Dry Steam Power Plant

Schematic of a dry steam power plant

Generator




Schematic of a single flash steam power plant
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Diagram of an impulse turbine
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Classification of facility types
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Flash/Binary Power Plant
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Triple-expansion power plant for
supercritical EGS fluids.
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Simplified flow diagram for a Kalina
binary geothermal power plant




stop valve _stop valve regul %La

preheater
i T .. &:J

oo e

4 generator

steam
E— mn%ﬁ.-n er
—~ %

silencer

organic

pump
condenser

pump

pump B
é ¥ re-tnjectlnmﬂ I

well

Simplified schematic diagram
of a BBB system

pd

L

o ®
e "
B
B1 @
k4

Simplified schematic diagram
of a SSBB system



Simplified schematic
diagram of a hybrid
system
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