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Bauran Produksi Listrik Rl 2060,
73% dari EBT

Based on Rencana Umum Ketenagaiistrikan Nasional 2025-2060
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Proguksi listrik nasional dalam  skenarlo
net zerc emis=on pada 2060 diproyeksikan

an 1433 TWh (73,6%)
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Begini Proyeksi Kebutuhan Listrik

di Masa Depan! (OPERAS
(OPERASI DES 2
MERAH PUT'H Koperasi Desa Merah Putih
dinilai berpotensi menjadi
penggerak energi baru
terbarukan di tingkat desa.

ENERGI BERSIH
DESA MANDIRI
/8\ Jarlngan k_operasn yang
8 Js@ luas bisa dimanfaatkan
* ¥ untuk membangun
\.,8 ekosistem energi berbasis
masyarakat.

Desa tidak hanya menjadi
konsumen energi, tetapi
ikut mengelola potensi
energi lokal.

Energi bersih Hemat biaya, Ciptakan lapangan Perputaran MH =
untuk kehidupan tingkatkan Kerja dan peluang | ekonomi desa ”
yang lebih baik kemandirian desa usaha baru semakin kuat ;
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Kebijakan yang Terlupakan



' MACAM-MACAM ENERGI TERBARUKAN

BIOMASSA




Desain wind turbin sekarang ini: Low speed wind Turbin
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VERTICAL AXIS WIND TURBINES

Darrieus Helical
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Apa yang “Hit" sekarang di Geothermal?
GEOTHERMAL ENERGY | PO
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¥ > Ekstraksi Mineral L/
Turbine and Cooling
generator towers : p
Inovasi Pemanfaatan Uap Panas Bumi untuk Pengeringan Kopi

Pemanfaatan
uap terbuang
dari jalur pipa

Injection
well

Return water

Hot water




Penyuntikan air ke batu panas yang kering.

Cooling
Tower
Turbine and
Heat exchanger Generator
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HYDROPOWER

Intake tower

Conventional
hydropower




MICRO DAN PICO HYDRO
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Small Energy with Big PoteRtialj
Yet Full of Challenges

Optimasi geometri bak pusaran.

Berapa diameter lubang keluar yang paling
ideal? Bagaimana pengaruh kemiringan
dinding bak terhadap kecepatan pusaran?

Bilah turbin.

Membuat bilah turbin menggunakan
material komposit local. (misalnya serat
alam seperti bambu atau rami yang
dicampur resin) atau menggunakan metode
3D Printing dengan bahan polimer daur
ulang yang diperkuat.

Agri Tech.

Menghilangkan generator listriknya, dan
menyambungkan poros turbin air langsung
ke mesin mekanik pertanian. Misalnya,
putaran turbin langsung memutar mesin
perontok padi, mesin penggiling kopi, atau
pompa air irigasi sawah dataran tinggi.



Sistem Penyimpanan Energi Pompa (Pumped Hydro
Energy Storage / PHES)

PUMPED HYDRO STORAGE - HOW IT WORKS

When demand increases, or wind/solar
production drops, water runs downhill
from upper reservoir

More stable, less variable supply results o
from adding electricity from turbine to
original renewable power

Station

0 Renewable energy such
as wind or solar used to
pump water uphill during
times of low demand

‘ ‘ Q Water runs through turbine,

creating electricity
Turbine/Pump

ARENA



Eko-Hidrologi dan Emisi Gas Rumah Kaca Waduk

Land use change to offset inundation

Organic
matter
~ from river

: - LEGEND
4= Carboninputs |
{—= Greenhouse gas emissions

Schematic figure, not to scale



BioMassa

Tren biomassa tidak
menjadi satu produk
saja (misal hanya
jadi biodiesel.

Tren saat ini adalah
Biorefineri.

Satu jenis limbah biomassa
diolah menggunakan
pendekatan bertingkat
untuk menghasilkan biofuel
(energi), bioplastik
(material), dan biokimia
berharga tinggi secara
bersamaan

Biorefinery Products

@0 o R

Heat&Power Biofuels Bnochimucals Buofefluluzer

Wood waste and
residues

Biomass Processing

Timber, Pulp and Paper
Industry



Microalgae sebagai pemeran utama Biomassa

N? . "
. Bioremediation of contaminates

Microalgae biomass can be
harvested entirely (100%)

High photosynthesis rate with 10-50
carbonfixation capacity than other plants

Low carbonfootprint process

Microalgae

1’ J B j

Low operationcost

Biofuel and biogas production
Rapid growth rate Grow in agro-industrial wastewaters
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Photovoltéic(PV) R
* Terjangkau (Price Performance ratio)
* Sangat Fleksibel (Scalability & Modularity)

* Kecepatan Pembangunan (Speed of Installation)
* Minim Risiko Geografis

Concentrated Solar Power (CSP)



Solar Power

Concentrated Solar Power (CSP)

World’s largest CSP in Dubai

Line Concentrators

___Absorber Tube Concentrator
Reflector — ,
\‘.

Linear Fresnel Collector

Parabloic Trough

Point Concentrators

Parabolic Dish

Solar Power Tower
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Solar Power
Photovoltaic (PV)

From a solar cell
to a PV System

Solar Module Japan’s floating power plant
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Type Silicon Solar Cell

(@) Monocrystalline (b) Multicrystalline

Figure 1: Schematic structures of silicon

manufacture of crystalline solar panels

high purity

X silicon
K £

Czochralski O
Process g casting
o

Il

vV e
single .) ingot
CI'yStGI >

@ ‘/ silicon scrap
pseudo 2% A
square . )’:}4‘ &°

0000
0000
0000

crystal

wafer wafer

I doping, lithography,
co coating, screen printing cell

stringing, lamination
framing, testing

monocrystalline polycrystalline
solar panel solar panel



Electric Properties Material

A

increasing energy

metal

overlap

semiconductor

Fermi energy

insulator

conduction
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Silicon Semiconductor

Co-valent -
A Valence

Bonds —,”
A Silicon Atom o ! v Shell (m)

Atomic number = 7147 & t . :

%
-
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B Shared
Electrons

Silicon atom showing
4 electrons in its outer - 4

valence shell (m)

Silicon Crystal Latice

EXTRINSIC SEMICONDUCTORS

Acceptor impurity
creates a hole

© ponor impurity
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Depletion layer is made near the junction.

Applying voltage by connecting p-type to
“+" and n-type to "-" enables current to flow.

Current + I -
[—ww- L
p-type n-type
OO @@@@@@_Ql
L. PEREEEILIPIOPECOO®
= [000000E |00
NP PEEEER|PCECEEO®

Depletion layer becomes narrower.

Depletion region (fixed charge)

n-type semiconductor p-type semiconductor E-field 5
+++++++++++ OO+ +++++++
kbt ttE OO OO+ +++++++
B A A OO ++++++++
Y YT LYY, OO+ +++++++
+++++++F+++ OO |COH++++++++
. . Electron drift

Electron diffusion ¢ s
- Hole drift

Hole diffusion



How Silicon Solar Cell Work. =
N\

o © © o © o o
o o ° o © o o
Radio waves Infrared Ultra- X-rays Gamma rays (]
AM FM TV Radar violet
1 I I I I I
100 m Tm 1cm 0.01 cm 1000 nm 10 nm 0.01 nm 0.0001 nm
Photons Photons
Metal contact - 2
N R 4 i & ——» Negative contact

N-type semiconductor

Depletion region

Voltage U

P-type semiconductor

Current I
~
/T <+~ Positive contact
Recombination

hC k= Planks constant (6.63 x 1034 m?kgs™
E — —— ¢ = Speed of light in vacuum (3 x ms™)
/1 A = photon'’s wavelength (m)

Metal contact -

- © Hole = positive charge
Solar Cell Principle Ofliiii oitiedbiian



Research and
Technology :
Solar Cell Research
Development

K \‘

b
N

Dye Sensitized solar cells

kwﬂl“ﬂil‘mm .
| .

| l | L

|

N

(DSSCs), Organic solar cells,

Advanced concepts : Quantum
dot, Perovskite solar cells

Amorphous silicon solar cells,
Cooper indium Gallium solar
cells, Cadmium Telluride solar

cells, Selenide solar cells

Single crystalline silicon solar
cells, Multi crystalline solar cell




Standard Silicon Solar Cell

Flat Silicon Substrate

l

Textured Silicon Substrate

Antireflection Coating

Front contacts

Emitter Layer

Absorber Layer

Back Surface Field
(Highly Doped)

Back Contacts

Standard solar cell

Screen-printed Ag-paste

. ‘. ARC
| Nt emitter

Screen-printed Al-paste  Back
Surface

Field



PERC Solar Cell

(Passivated Emitter and Rear Contact)
PERC Solar Cell

Silicon dioxide on front
"passivates” the surface and Heavy doping under contacts [Screen-printed Ag-paste)
reduces surface recombination keeps minority carriers away
from high recombination front
Front Contact contact

[n+ emitter

' local BSF I

Heavy doping at rear of cell
keeps minority carriers (in this
case electrons) away from high
recombination rear contact

Passivation layer

Rear Contact [ Screen-printed Al-paste J

(SiNx capping layer)




Heterojunction & Back Contact

Screen Printed Ag
I's "

_ _ (p+)a-Si:H

(i)a-Si:H
n-type CZ wafer
| (i)a-Si:H

W\M/WV\/W\/ (n+)a-Si:H
ITO-IR

Sputtered Ag

Si-Heterojunction

silicon dioxide passivation layer and
anti-reflection coatings

\
NNV VNN NN NNV

n-type diffusion
p-type substrate with high minority carrier lifetime

n-type diffusion p-type diffusion n-type diffusion
e N i ——

negative contact positive contact negative contact

all contacts are on the rear of the cell simplifiying interconnection
and preventing shading losses

Back Contact



incoming full spectrum

Tandem Solar Cell

Tandem bike Tandem solar cell O
AMI.EGL
Al-BSF PERC/PERT/PERL M Si-Heterojunction ™ Back Contact M Sibased tandem [ P
100% 7 = — — ZnQ/Cu,0) | EnOintype emitter] @ S -
() — I = - - subcell Cuy {p-type absorber)
80% - — O - E—
I TCO —
60% - Encapsulation layer
40% i -51 (n-type emitter]
20% - subcell -5 Ip-type base)
L +

2015 2016 2018 2020 2023 2026
Source: ITRPV Si_Based Tandem



Transparent

Thin Film Solar Cell R |

Junction formed
. . . < oep between two
Size Comparison of Photovoltaic Panel of Similiar Power Output cemiconductor °

materials of

opposite
Substrate °

Top n-type

ﬂ'hmi( contact "Wil‘lﬂu'ﬁ'" |i'_ﬂ'l!t
Bottom p-type formed by first
"Absorber” layer semiconductor
formed by second material
semiconductor ¢
material

Mono Crystalline Structure of thin film solar cells

Solar Panel Poly Crystalline

Solar Panel
15-22% Efficiency 13-18% Efficiency Thin Film Solar Panel

9-11% Efficiency

® Advantages:

* Lightweight
e Cost less

Tesla solar car Solar bag

Light Substarate :

Cadmium
Tellurium (CdTe)
Amorphous
Silicon (a-5i)
Copper Indium
Gallium Selenide
(CIGS)

Gallium
Arsenade
(GaAs)

« Use less silicon (environmental friendly)
B Disadvantages:

e Cadmium toxic

* Less efficiency




P e r o V S ki t e S O I a r C e I I Structure in Perovskite Solar cell

Conventional (n-i-p) Inverted (p-i-n)

| r—

Hole Transport Layer Electron Transport Layer

A
[
iﬂ; = Perovskite Perovskite
o
tElectron Transport Layer Hole Transport Layer
= Transparent Conducting Oxide Transparent Conducting Oxide
Mesoporous

Example: Perovskite crystallographic S

C8TiOg structure Perovskite

ABX; TR

“Electron Transport Layer St

Transparent Conducting Oxide

Properties :

« Semiconductor

« High absorption coefficient
 High dielectric constant

Photovoltaic




& Counter Electrode

Advantages:
»  Work under low light condition
* Low cost
* Enviromental Friendly
DSSCs in Swiss convention center Disadvantages:
» Low efficiency (<10%)
« Short lifetime




Bifacial Solar Cell

Direct sunlight

Scattered from
(b) (c)  Eround (albego,)

Tandem Solar Cell

Incident light

Front side Front passivating and
contacts anti-reflective coating

Rear side Rear passivating and
contacts anti-reflective coating

Albedo light

Standard Si Solar Cell

Front Sunlight

FTO

Dye

TiO, layer.

Electrolyte «—mnouw—
PANi C

Rear Sunlight

DSSCs



Agri-PV




Bentuk pendekal'an Active Solar Tracking Systems

Single-axis
tracking on a

Single-axis
% y tracking on a Vertical axis
5 R Horizontal axis ‘.p

greensavawak.com
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Wild flower strips
along the module arrays

W
///”. e AV Ay

_ ‘} f Ak e 1) e
3 ' ’

Dual-axis
tracking on a

Dual-axis in a
Rotating axis
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Isu di AgriPV

Microclimate

Pengaruh Evapotranspirasi Tanaman
terhadap Pendinginan Panel Surya

Evapotranspirasi (evaporasi tanah + transpirasi tanaman)
menyerap panas laten dan menyejukkan udara mikro di bawah panel.

> A

«@: \ / Panel Surya

. Pyranometer
G (W/m?)

Menyerap Panas Laten g

‘g(Penyejukan Mikroklimat)

FAKTOR YANG MENENTUKAN

o Jenis Tanaman V' Kerapatan & Tinggi Tanaman % Ketersediaan Air

@ Sayuran daun,
® rumput, kacang-

3 kacangan

Pengaruh Shading Parsial Vegetasi
terhadap Mismatch Losses pada
Panel Surya

Bahtiima vegetasi sidiikit,
- dapat skesekakkar losses
matshnph besar sedab:
« bagian shading tidak statis,
« bypass diode tidak efextif,
« kurva |-V & P-V non linear.

Polygonal Area Loop

. .| Multi-Peak
@f Dinamis g Semi-Transparan Kurva P-V

(bergerak) & = AK D . = T L)
S O, o > . Bahhan vegetasi sidiikit dapat
%‘ \/ : Mijuta PIP* " setexekukkar loses matshash besar
Lataty( Tanspb « kapas bagian shading tidah statis.
 Bypass diode tidak efettif.

FAKTOR YANG MENENTUKAN o KivaVE PV noniliear

N@ Jenis Vegetasi

N % F Microinverte: |
& langei "« Shading oektra E

v Orientasi Bayangan
- Sejajar Sel
Melintankag: Lb ;

=

A =2
“ Gerakan Daungﬁ' = Topologi Sistem Paling Paling Paling
-AnginKecil  “p) KTringi Inverter Rentan Rentan _Tahan

M Power Flikbeid vinarar) Tanal




Isu di AgriPV

Pengembangan trainer pembelajaran

Ty T—— e L
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