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Practical 4 hrs
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This subject is about Renewable Energies (sources, technologies)

We will see the basic concepts: energy security concerns and energy efficiency concepts

. o We will deal with the conversion of solar, wind, biomass, hydro and geothermal energies into
Subject description: .
electricity energy

We will consider the environmental and social effects of renewable technologies and examine

how people’s energy decisions impact policies

Attendance and Attitude 15%

Assessment/ -
Evaluati Practical 25%
valuation Final exam 60%

Reference: https://www.irena.org
https://www.iea.org/fuels-and-technologies/renewables
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UNIT - N°.0
Course Information

THEORY
__ Unit1 | Unitz | Unit3 | Unita | Units | Unit6 | Unit7 _

Introduction Energy security Solar Wind energy Biomass & Hydroelectric Geothermal
to Renewable Concerns and energy Energy Biofuel energy Energy energy
technologies efficiency Concepts
Core

A
v

ASSIGNMENT

v" How to evaluate the potential of renewable energies ?

v" What is the definition for energy security in your country?
v' What are important factors for your country energy security?

PRACTICAL WORK

LAB — USTH and on-site visit (more information on the course syllabus)
3
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UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

VIETNAM FRANCE UNIVERSITY

What is energy?

Fossil fuels: Fuels formed by natural processes such as anaerobic decomposition of buried
dead organisms.

= Fissile material: In nuclear engineering, fissile material is material capable of sustaining a nuclear
fission chain reaction.

Renewable resource: It is a resource which is replaced naturally and can be used again. Examples
are: oxygen, fresh water, solar energy, timber, and biomass.

= Natural Gas: A combustible mixture of gaseous hydrocarbons that accumulates in porous sedimentary
rocks, especially those yielding petroleum.

= Liquefied Petroleum Gas : A gas liguefied by compression, consisting of flammable hydrocarbons, as
propane and butane, obtained as a by-product from the refining of petroleum or from natural gas :
used chiefly as a domestic fuel in rural areas, as an industrial and motor fuel, and in organic synthesis,
especially of synthetic rubber.

Dr. Nguyen Xuan Truong, EN department 4



UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

VIETNAM FRANCE UNIVERSITY

What is energy?

= Fuel : Fuels are any materials that store potential energy in forms that can be practicably released and
used for work or as heat energy.

= Coal : A black or dark-brown combustible mineral substance consisting of carbonized vegetable
matter, used as a fuel.

= Uranium : A radioactive metallic element having compounds that are used in photography and in
coloring glass. The 235 isotope is used in atomic and hydrogen bombs and as a fuel in nuclear

reactors.
= Plutonium

A
&
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VIETNAM FRANCE UNIVERSITY

* Primary energy is energy contained in raw fuels and any other forms of energy
received by a system as input to the system. The concept is used especially in
energy statistics in the course of compilation of energy balances.

* Secondary energy or Final energy is a more usable and convenient forms of
energy such as electricity and fuel oils. In another word, primary energies are
transformed to secondary energies.

I | | | | I I I I
I Primary
energy
L]

or Final Energy

P rl ma ry 4 TRANSEORMATION ﬁ Secondary energy I I

Seconda ry I CONSUMPTION
> Infrastructure — (DEMAND)
energy |

| Control Volume J
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UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

@ What is green energy?

Vocabulary

* Difference between renewable energy, proper, sustainable ?
= Renewable: that does not deplete over time.

= Proper: which does not reject or very little harmful emissions to the environment and has a neutral
impact on nature.

= Sustainable: which is managed in a sustainable, responsible to ensure the renewal of the species
(plant or animal) in its exploitation.

Challenges
* Why ?
= Dealing with the shortage of fossil fuels to more or less short term.

= Limit the effects of global warming.

= Reduce the emission of greenhouse gases (GHG) in the energy sector (electricity generation)

Dr. Nguyen Xuan Truong, EN department 7



UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

@ What is green energy?

Challenges
 What is the interest to exploit renewable energy?
_@[)\

the atmosphere.

" |ntelligently manage local resources.

= Create jobs.

Concept of sustainable development

e Sustainable Development:

e Sustainable development is the organizing principle for sustaining finite resources necessary to

provide for the needs of future generations of life on the planet (Brundtland Commission, 1987)
Dr. Nguyen Xuan Truong, EN department 8




UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

VIETNAM FRANCE UNIVERSITY

@ What is green energy?

Concept of sustainable development

e Sustainable Development:

= Sustainable development is the organizing principle for sustaining finite resources necessary to
provide for the needs of future generations of life on the planet (Brundtland Commission, 1987)

* This concept involves :
= Developing new energy sources
= Minimize discharges affecting the environment
* Butalso:
= To manage the balance between economic development, social equity and environmental protection

= Everywhere in the world

Dr. Nguyen Xuan Truong, EN department 9



UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

@ Renewable energy ?

* Whatisit?
" They are inexhaustible energy provided by the sun, wind, heat from the earth,

waterfalls, tides or plant growth. Their use does not create or little wastes and
emissions.

./) |
i 3=
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Why develop renewable energy ?

>TH
To reduce the emission of greenhouse gases.

To manage the inevitable depletion of fossil fuels by limiting the expected increase in production cost,
and control a difficult international geopolitical context.

To improve the energy independence of countries, diversifying the modes of energy production.

To decentralize power generation throughout the territory of a country, increasing the use of regional
natural resources, generate local jobs and reduce energy loss by limiting transport.

To renew and modernize the entire electricity production.

The five renewable energy sources (convert to electricity)

+
+ T +
+ "'
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+
+
''''

+
Bk

Solar power Wind turbine Hydropower plant Biomass plant Geothermal
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UNIT - N°.1
INTRODUCTION TO RENEWABLE TECHNOLOGIES

Lecture Question: unit3to 7

* What are the renewable energy sources? Make a list, as comprehensive as possible.
* What are the environmental impacts of these energy sources?
 Renewable Energy Sources:
v’ Radiant solar energy
* Solar heating (passive and active) & Solar power plants (PV system), CSP
v Biomass energy
e Direct: combustion of biomass
* Indirect: chemical conversion to biofuel
v Wind energy: onshore and offshore
v Hydro energy: large and small-scale
v’ Geothermal energy

Shrr

VIETNAM FRANCE UNIVERSITY

WIND

e Power plants, direct use, heat pumps 80
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UNIT - N°.2
ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

References Activity

nnnnnnnnnnnnn H
@, S C .8 * Please define
1ea’

Energy Efficiency Indicators: * What is the definition for energy
IEA Reéonse SS’rl%m for
EME &E C?IIES

Essentials for Policy Making security in your country?

 What are important factors for your
country energy security?

NN
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UNIT - N°.2
ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

VIETNAM FRANCE UNIVERSITY

What is energy security?

* The IEA defines energy security as “the uninterrupted availability of energy sources at an
affordable price”.

* Energy security has many dimensions:

* Short-term energy security focuses on the ability of the energy system to react promptly to
sudden changes within the supply-demand balance.

* Long-term energy security mainly deals with timely investments to supply energy in line
with economic developments and sustainable environmental needs.

* Lack of energy security is thus linked to the negative economic and social impacts of either
physical unavailability of energy, or prices that are not competitive or are overly volatile.

IEA: International Energy Agency

Dr. Nguyen Xuan Truong, EN department 14



ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

@ What is energy security? Point of supply interruption

UNIT - N°.2

VIETNAM FRANCE UNIVERSITY

I Primary
energy o
[ ]

P ri m a ry 4 TRANSFORMATION ..H Secoerary energy +

or Final Energy

energy "*c-. I |
| S
Seconda ry CONSUMPTION I
Infrastructure — (DEMAND)
energy I I

| Control Volume
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ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

@ What is energy security?

IEA respond to energy security : oil

4 )
Short term

measures
- J
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UNIT - N°.2

Increase
supply

Reduce
demand

—_—_——*

Fuel switching

TH

VIETNAM FRANCE UNIVERSITY

Government

Sale/Tender

Public

Sale/Tender

. Reduction of mandatory level

Instruct physical release

Use of spare production capacity

Increased indigenous
production

Persuasion/Public campaigns
(e.g. eco-driving, carpooling)

Administrative/compulsory
(e,g. speed reductions)

Administrative/ compulsory
(e.g. driving restrictions)

Light-handed

Heavy-handed

Temporarily replacing
oil use with other
energy sources

Electricity generation in
multi-fired installations
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UNIT - N°.2
ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

@ What is energy efficiency?
Efficiency of Energy Conversion

If we are more efficient with the energy we already have there will be less pollution, less reliance on
foreign oil and increased domestic security.

Energy Efficiency
Useful Energy Output

>

Energy Input

>
Energy Dissipated
to the Surroundings

Useful Energy Output
Total Energy Input

Efficiency =

Dr. Nguyen Xuan Truong, EN department 17



UNIT - N°.2
ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

@ What is energy efficiency?

Energy efficiency refers to the efficient conversion and use of energy and is a measure of the productivity
provided per unit of energy consumed. It employs devices and practices, which result in less energy being
used for the same task and function. An example would be a fluorescent bulb as opposed to an incandescent
bulb. Other ways in which energy efficiency can be enhanced are through retrofits and capital
improvements.Technological advances have allowed for increases in energy efficiency, reducing energy
demand while increasing economic activity. Studies have indicated that energy savings of 20 —30% could be
obtained globally over the next 3 decades through improvements in energy using technologies and energy
supply systems. Furthermore, technological advances will allow companies to enhance profits as a result of
the reduction in energy use and materials. Direct costs will be minimized through less resource inputs and
lower disposal costs. Resource efficiency can enhance productivity, streamline production and improve
workplace conditions

Dr. Nguyen Xuan Truong, EN department 18



UNIT - N°.2
ENERGY SECURITY CONCERNS AND ENERGY EFFICIENCY CONCEPTS

Question ?
4 N

How Energy Efficiency can contribute to Energy Security?

What really is Energy Efficiency?
How we rate Energy Efficiency?

- /

VIETNAM FRANCE UNIVERSITY
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UNIT - N°.3
SOLAR ENERY

Comparing finite and renewable planetary energy reserves

SOLAR®™
23,000 TWylyear

@rn

AM FRANCE UNIVERSITY

Source : http://cleantechnica.com/solar-
ower
Comparing finite and renewable planetary
energy reserves (Terawatt-years per year).
Total recoverable reserves are shown for
the finite resources. Yearly potential is
shown for the renewables (source: Perez &
Perez, 2009a).
OTEC: Ocean thermal energy conversion
Well, according to “science,” the sun
produces 23,000 TWy/year and humans
use 16 TWy/year. We should be fair. 16
TWy/year was 2009 and it’s been 5 years...
so let’s round it up to 28 TWy/year which
is what the Mole People told us we’d use
in 2050. So... we use a thousandth of the
energy produced by the sun each year.

Dr. Nguyen Xuan Truong, EN department 20
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@

VIETNAM FRANCE UNIVERSITY

SOLAR : ENERGY FROM THE SUN

The sun has produced energy for billions of years. Solar energy is the sun’s rays (solar radiation) that reach the earth.
Solar energy can be converted into other forms of energy, such as heat and electricity.

In the 1830s, the used a solar thermal collector box (a device that absorbs sunlight to
collect heat) to cook food during an expedition to Africa. Today, people use the sun's energy for lots of things.

Solar energy can be converted to thermal (or heat) energy and used to:

* Heat water — for use in homes, buildings, or swimming pools.
* Heat spaces — inside greenhouses, homes, and other buildings.

Solar energy can be converted to electricity in two ways:

* Photovoltaic (PV devices) or “solar cells” — change sunlight directly into electricity. PV systems are often used in

remote locations that are not connected to the electric grid. They are also used to power watches, calculators, and
lighted road signs.

* Concentrated Solar Power Plants - indirectly generate electricity when the heat from solar thermal collectors is used
to heat a fluid which produces steam that is used to power generator. Out of the 15 known solar electric generating
units operating in the United States at the end of 2006, 10 of these are in California, and 5 in Arizona. No statistics are

being collected on solar plants that produce less than 1 megawatt of electricity, so there may be smaller solar plants in
a number of other states.

Dr. Nguyen Xuan Truong, EN department 21



SOLAR : Solar Thermal Energy

= Passive solar heating/cooling

* Passive solar heating is the use of sunlight to
heat buildings directly.

* In the Northern Hemisphere, south facing
windows receive the most solar energy.

* Therefore, passive solar buildings have large
windows that face south.

* Trees — A house shaded by trees is a much
cooler house during the summer. Also, keep
in mind that during the winter, the leaves are
gone off the deciduous trees, so the winter
sun can still shine into the home.

STH

VIETNAM FRANCE UNIVERSITY

Vent allows hot air

lo escape in summer.

Insulated drapes

or window shades Summer
reduce nighttime sun

Ceilings are ghtu
heat loss in winter.

] Shade trees help
heavily insulated.

keep a home coaol
in the summer.

1 Winter
l . sun
Thick walls = e s
ftochet B8
| | -. South-facing,
in winter. {E sou o
1= windows let

< sunlight in but
reduce heat loss

on cold nights.
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SOLAR : Solar Thermal Energy

Active solar heating

Active solar heating is the gathering
of solar energy by collectors that are
used to heat water or heat a
building.

Solar collectors, usually mounted on
a roof, capture the sun’s energy.

A liquid is heated by the sun as it
flows through solar collectors.

The hot liquid is then pumped
through heat exchangers, which
heats water for the building.

Sunlight

Rooftop
solar collector

*Air may be Water
used as a medium*
medium in some
systems

A

Electric
pump

Radiator
AT

solar water heater

standby
electric

\f/' }catcr
foe—=

1.5>2m
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SOLAR : Solar Power Energy G

VIETNAM FRANCE UNIVERSITY

" Concentrated solar power = __——p—

* CSP systems generate solar power by |
using mirrors or lenses to concentrate a |

Gernerator

Heat Exchang
Condenser

large area of sunlight, or solar thermal
energy, onto a small area.

Ol Circuit i - | GER

* Electricity is generated when the T
concentrated light is converted to heat,
which drives a heat engine (usually
a steam turbine) connected to an
electrical power generator or powers
a thermomechanical reaction.

Many power plants (including most CSP) use a
Rankine steam power cycle to make electricity.

700 MW concentrated solar power plant in Dubai hits a 24
new record bid with $7.3 cents per KWh

Dr. Nguyen Xuan Truong, EN department



Solar : Photovoltaic Cells

VIETNAM FRANCE UNIVERSITY

What is photovoltaic solar energy ?

e Photovoltaic (PV) cells are solar cells that convert the sun’s energy into electricity.

PV-cell and resistor as a load

25

* This conversion occurs in "semiconductor" materials, which
have the property of releasing their electrons under the
influence of external energy.

* In the case of photovoltaic, this energy is provided by the
photons, light components, which collide with electrons
and release them, inducing electric current.

* However, they produce a very small electrical current.
Meeting the electricity needs of a small city would require
covering hundreds of hectares with solar panels.

Question:
How many square miles of solar panels would it take to power the U.S.? Vietham,
Hanoi city ???

Dr. Nguyen Xuan Truong, EN department



ADVANTAGES OF SOLAR POWER

Solar energy is an immaculate and renewable
energy source.

Once a solar panel is installed, solarenergy can be
produced free of charge.

Solar energy will last forever while it is estimated
that the world’s oil supply will run out in 30 or 40
years.

Solar energy causes no pollution.

Solar cells create no negative impact at all. On the
other hand, the giant machines that pump oil are
noisy polluters, and therefore very unfeasible.
Almost no maintenance is required to keep solar
cells running. There are no moving parts in solar
cells, making it difficult to harm them.

In the long term, there can be a high return on an
initial investment because of the amount of free
energy a solar panel can produce; it is estimated
that the normal family can generate half of its
energy from solar panels.

Dr. Nguyen Xuan Truong, EN department

DISADVANTAGES OF SOLAR ENERGY @TH

VIETNAM FRANCE UNIVERSITY

As with all renewable energy sources, solar energy has regularity
issues; the sun does not shine at night, and during the day there may
be clouds or rain.

Therefore, the intermittency and idiosyncrasies of solar energy make
solar panels a less reliable a solution.

Solar panels require additional equipment, like inverters, to convert
direct power (DC) to alternating current (AC) for use on the power
network.

For a constant supply of electric power, particularly for on-grid
connections, photovoltaic panels require inverters as well as storage
batteries, increasing the initial investment for solar power accordingly.

In the case of land-mounted PV panels, moderately large areas are
needed; more often than not, land is available for this use for only 15-
20 years.

Solar panel efficiency is generally low (between 14%-25%),in contrast
to the higher effectiveness of other renewable energy systems.

In spite of the fact that PV panels require no excessive maintenance or
operating costs, they are fragile and can be damaged easily; extra

insurance costs are therefore essential to protect a PV investment.
26


https://venturesolar.com/why-solar-makes-sense/

Chapter 2
BACKGROUND INFORMATION

STH

VIETNAM FRANCE UNIVERSITY

Dictionary

* Irradiance
= Instantaneous illumination power
= Gin W/m?

* Radiation or incident energy

= Received energy — Potential of solar energy

= Hin Wh/m?

* Global radiation = Direct solar radiation + Diffuse radiation + Albedo

* Peak power or rate power or capacity —
= Maximum instantaneous power delivered by a module expressed in Wp.
= Standard test conditions:

* Radiation/Irradiance/llluminance: 1000 W/m? PV Power Installation Capacity

¢ Air-mass: 1,5 (AM1,5)
¢ Temperature: 25°C

Dr. Nguyen Xuan Truong, EN department 27



Solar Irradiance

Instantaneous illumination power @TH
G in W/m2 VIETNAM FRANCE UNIVERSITY

Solar radiation is electromagnetic radiation ranging from about 0.25 to 4.5 um in wavelength, including the near
ultraviolet (UV), visible light, and near infrared radiation

Gamma rays
Ultraviolet Radiation
Visible Light
Infrared Radiation
Microwaves
Short Radio
Waves (FM/TV)
AM Radio
Long Radio Waves

I X rays

Wavelength

< <
- =)
=

Solar spectrum
|<— Visiblelight —
0.25 um 9 45pm
ultra-violet infra-red
5 0.5 :
Wavelength (um)

Solar irradiance is the sun’s radiant power, represented in units of W/m? or kW/m?
The Solar Constant is the average value of solar irradiance outside the earth’s atmosphere, about 1366 W/m?

Typical peak value is 1000 W/m? on a terrestrial surface facing the sun on a clear day around solar noon at sea level,
and used as a rating condition for PV modules and arrays.

Dr. Nguyen Xuan Truong, EN department 28



Solar constant

G

VIETNAM FRANCE UNIVERSITY

Sun directly overhead

Sun at mid-morning
or mid-afternoon

1040 W/m?
Horizon

1000 W/m?

Earth's Surface

1366 W/m?

Limits of Atmosphere

One Typical peak value per m?

Square

Meter 1000 watts = 1 kilowatt

29
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* Solar Irradiance ° Radiation or incident energy
= Instantaneous illumination power = Received energy TH
u G I' n W /mz ™ H i n Wh /mz VIETNAM FRANCE UNIVERSITY

N
< E
E S
; —
=~ Q
g : 7
8 © .
; H
e =
5 : /- Solar irradiation (energy)
ucg t_U is the area under the solar
(o) irradiance (power) curve
@ 7,
Sunrise Noon Sunset Sunrise Noon
Time of Day Time of Day
For south-facing fixed surfaces, solar Solar irradiation is the sun’s radiant
power varies over the day, peaking at energy incident on a surface of unit area,
solar noon, kW/m? expressed in units of kWh/m?

* Typically expressed on an average daily basis for a given month.
* Also referred to as solar insolation or peak sun hours.
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Peak sun hours (PSH) is the average daily amount of solar energy received on a surface.
PSH are equivalent to :

TH

VIETNAM FRANCE UNIVERSITY

* The number of hours that the solar irradiance would be at a peak level of 1000 W/m?.

* Also the equivalent number of hours per day that a PV array will operate at peak rated output levels at rated temperature.

Solar Insolation

&
=
S
@
Q
c
8
=
o
-
|
)
O
0N

Sunrise Sunset

Time of Day (hrs

* The solar power incident on a surface averages 400W,/m?for 12hours. How much solar energy is received?
400W/m? * 12hours = 4800Wh/m? = 4.8kW/m? ; PSH = 4.8hours

* The amount of solar energy collected on a surface over 8 hours is 4 kWh/m? What is the average solar power
received over this period?

4 kW/m2/8hours =05 kw/mz =500 W/mZ Dr. Nguyen Xuan Truong, EN department 31



Atmospheric Effects

* Outside the Earth’s atmosphere solar energy has an almost constant value of 1366 W/m?2. While passing through
the atmosphere, the energy and the spectral behaviour of the sunlight changes. Due to reflections on particles in
the air, clouds, as well as ground reflection, the direct irradiation is reduced and a diffuse irradiation is added. The
sum of both irradiation types is usually below the value found outside the atmosphere.

* For a sunny day and optimised orientation towards the sun, the global irradiation is about 1000 W/m?. On cloudy
days there is almost no direct irradiation left, the diffuse irradiation depends on the cloud type, and can be less

than 100 W/m?2.

Reflection

Scatter
Fe Passing through the atmosphere, solar radiation is
7 partially absorbed and distributed. On the ground,
there are several components:

Direct Diffuse Irradiation

Reflected Irradiation (Sky Radiation)

iradiation Direct radiation: the Sun received straight.

s ; Diffuse radiation: light scattered by the atmosphere
(air, cloudiness, aerosals, ...)

Albedo: partly reflected by the ground. Depends on
the site environment (snow, asphalt, ...)

Global radiation = Direct + Diffuse + Albedo
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* Air Mass

The Air Mass is the path length which light takes through the atmosphere normalized TH
to the shortest possible path length (that is, when the sun is directly overhead). The umurence ovmresin
Air Mass quantifies the reduction in the power of light as it passes through the

atmosphere and is absorbed by air and dust.

The Air Mass describes the attenuation of the irradiation and also spectral changes.

Sun directly overhead : 0
(zenith) Z \

Sun at mid-morning

or mid-afternoon

Zenith Angle
6, =48.2 deg

Air Mass =0
(AMO)

__________ I _ AMO Spectrum outside the atmosphere (1366 W/m?)
;MT0,1 ] N AM1 Sun at zenith (1040 W/m?)
x.;rmT.asTm AM1,5 Sun at 48,2° (1000 W/m?) (PV standardization)
/ ) AM2 Sun at 30°

Limits of Atmosphere

* Sun-path Effects

The irradiation on a tilted surface also depends on the position of the Sun. This
position depends on the way the Earth moves around the Sun, and also the tilt of the
Earth’s axis in relation to this orbit. In winter the sun-path is lower than in summer.
Also, the sunshine duration in winter is shorter than in summer. Equines

E

8 = declination of the earth =23 3"
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* Sun Position

The sun’s position in the sky at any moment relative to an observer on earth is defined by two

angles:
* The solar altitude angle (a) is the angle between the sun’s rays and
the horizon.

* The solar azimuth angle (q,) is the angle between the horizontal
projection of a the sun’s rays and geographic due south.

* The zenith angle is the angle between the line to the sun and
directly overhead.

* The zenith and altitude angles are complementary: a + q, = 90°
Since the earth makes a complete 360° rotation in 24 hours, the hour angle changes

15° every hour. The hour angle is measured from the local meridian, or the sun's
highest point in the sky at solar noon (not necessarily 12:00 hours), with angles

between sunrise and solar noon being positive and angles after noon being negative.

The sun's declination angle is the angular position of the sun at its highest point in
the sky with respect to the plane of equator it depends on the momentary position
of the earth in its revolution around the sun. Changes in the declination angle are
caused by a simple fact: the earth's axial tilt of 23.34° remains constant and in the
same direction during the earth's entire orbit around the sun. In the northern
hemisphere, the declination angle reaches its most northern and positive peak of
+23.45° on June 21st (the summer solstice) and drops to its most southerly and
negative peak of —23.45° on December 21st (the winter solstice)

Horizontal
Plane

Shrr

——
Zenith 7
Angle

Altitude
Angle
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What is the potential of solar energy ?

Shrr

VIETNAM FRANCE UNIVERSITY

Global annual consumption of energy

1015 watts = 1PW = 1 pétawatts G
as reserves

1018 joules = 1EJ = 1 exajoules Oil reserves

Un watt-heure vaut 3 600 joules, et un kilowatt-heure Uranium reserves
vaut 3 600 kilojoules donc 1W vaut 1000 joules

174 PW : Instantaneous Power, 174 x 24h x 365j = Coal reserves

1524240 PWh = 1524 EWh.
1524 EWh x 3600 = 5 486 400 EJ

Global — Hydroelectric Potential
energy .
recetvedby fee Photosynthesis Energy
the sun .
- Wind Energy

* 174 petawatts (PW) of energy comes in form of solar radiation (or insolation) hits our
atmosphere.

* Almost one third of this is reflected back into space. The rest, 3 657 000 exajoules (EJ)
every vyear, is absorbed by the atmosphere, clouds, oceans and land — one hour of
insolation is the equivalent to more than the world’s energy consumption for an entire
year.

* Solar energy is by far the largest energy resource on the Earth.
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https://solargis.com/maps-and-gis-data

What is the potential of solar energy ?

STNAM FRANCE UNIVERSITY

SOLAR RESOURCE MAP WORLDEANK GRG0 ESMAP
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What is the potential of solar energy ?
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Long-term average of daily/yearly sum
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What is the potential of solar energy ?
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This map is licensed by Solargis under the Creative Commons Attribution license (CC BY-SA 4.0). You are encouraged to use
content of the map to benefit yourself and others in creative ways. For more information, please visit http://solargis.com/download.

GHI - Global horizontal irradiation [kWh/m2]
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PVOUT - Photovoltaic power potential [kWh/kWp]
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What is the potential of solar energy in Vietham ?
STH

PVout - Photovoltaic power potential [kWh/kWp] .

105°E M0°E

% .Vinh
g it
Long term average of GHI, period 2007-2015
Daily totals: 3.2 36 4.0 4.4 4.8 5.2 5.6

kWh/m*
Yearly totals: 1168 1314 1461 1607 1753 1899 2045
Long term average of PVOUT, period 2007-2015
Daily totals: 2.6 3.0 34 3.8 4.2 4.6
kWh/kWp

Yearly totals: 949 1095 1241 1387 1534 1680

Solar Radiation

Intensity Remark

(kWh/m2/day)
1600-1750  33-41 Far
ms0-1800  41-49 -

Middle North 1700 - 2000 4,6 -5,2 Good
Central Highlands and

South Central Region 20002600 49-57 eyl
South 2200 - 2500 43-49 Very good

In the best scenario, might be 2-5 GW for residential and commercial rooftops, and 20 GW for solar PV plants
- Ref “ GIZ, report - Framework Assessment for the Promotion of Solar Energy in Viet Nam, 2015’
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What is the potential of solar energy ?

* The change in the atmosphere of solar radiation obeys fairly complex phenomena
and especially in largely random. The state of our sky and therefore the luminous

flux received at ground level at a given instant depends on a number of
parameters:

= Gases in the atmosphere;
= Clouds;
= Albedo;
= Ambient temperature ;
= Wind speed;
= Relative humidity, ...
* However, these parameters depend on:
= Geographical location;
= Season;
= The time of day;
= Current weather conditions, ...

Geographical Location

Weather Database

Dr. Nguyen Xuan Truong, EN department
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Weather Database ’TH

* Weather stations develop solar radiation statistics from billions of data collected.
Databases are so constituted, with other information such as minimum and maximum
temperatures, atmospheric pressure, humidity, ... Unfortunately, access to this
information is not always obvious and almost always surcharge.

* However, these data are essential for sizing a photovoltaic system.

* Examples :
= PVGIS : http://re.jrc.ec.europa.eu/pvgis
= Meteonorm : www.meteotest.ch
= NASA : http://eosweb.larc.nasa.gov/sse/
= RETscreen : www.retscreen.net
= Pvsyst : www.pvsyst.com

https://energydata.info/dataset/esmap-solar-measurements-in-vietnam

Dr. Nguyen Xuan Truong, EN department 42
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Data Analysis @;
NUSTH

* Ideal daily global radiation (model of a clear cloudless day*) depending on the season and
latitude.

Hanoi - 21°01°42”N 105°51’15"E (a: Meteonorm and b: Climate-
SAF PVGIS ) **
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In countries with low latitudes (15 ° S and 15 ° N), the daily radiation is relatively constant and the electrical output of the photovoltaic
generator varies little during the year. By cons, when the contrast summer / winter is accentuated with higher latitude, designer must
be based on the lowest of the year sunshine and manage the excess energy during the sunny season.

* Source : Energie Solaire Photovoltaique - Anne Labouret, Michel Villoz)
** Source: Performance comparison between tracking and fixed photovoltaic system: A case study of Hoa Lac Hi-tech Park, Hanoi — Xuan Truong Nguyen and al
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Solar radiation Measurement

VIETNAM FRANCE UNIVERSITY

* Scientists, especially climatologists, developing models to describe and predict the
atmospheric phenomena, but the safest way to have reliable data is still resorting to
statistics accumulated over previous years, with measurement instruments.

g9

F-J—-‘u Ei-E’?_ X

Sunshine recorder .
(records the amount Pyrheliometer (measures of

Pyranometer for measuring solar irradiance) direct beam solar irradiance)

of sunshine at a given
location)

Dr. Nguyen Xuan Truong, EN department 44



Solar radiation Measurement

* In practice, these devices are expensive and unwieldy. For current measurements, but precise,
professional use solar cells reference calibrated by laboratories (LCIE, Ispra, Fraunhofer Institute, ...). This
allows manufacturers to calibrate the electrical measuring devices of PV modules.

VIETNAM FRANCE UNIVERSITY

* Even more economical for the installer, a simple solarimeter equipped with a small crystalline silicon cell
can be sufficient for an evaluation if one does not seek a measure within 5% accuracy.

Solar Power Meter

Solarimeter (Solar Power Meter)
Dr. Nguyen Xuan Truong, EN department 45



FUNDAMENTALS OF SOLAR PHOTOVOLTAIC PV conversion

Shrr

VIETNAM FRANCE UNIVERSITY

a) explains the basic principles of photo-electric conversion, basic parameters of a solar cell, generations of solar
cells, basics of solar photovoltaic technology
b) explains the construction and parameters of solar modules and solar arrays.

* PV conversion = conversion of light into electricity.

* 3 physical phenomena :
= Absorption of light in the material
= The transfer of energy from photons to electrical charge
= Electrical charges collection

* Therefore, it’s clear that the material must have specific optical and electrical properties to allow the photovoltaic
conversion.

light

v" The solar cell: A diode that generates a current (v negative

electrode

n-doped
silicon

ptype | mtype gy g
silicon silicon Cathode ‘ 3 , :
I\.\ & oundary layer
positive
© electrode
Cathode p-doped

silicon

Solar cell

Electrodes solar cell

Dr. Nguyen Xuan Truong, EN department 46



PV conversion

The solar cell: A diode that generates a current

Converting light into electricity (1/8)

light

* 3 optical events: 7
= Reflection
= Transmission
= Absorption ey
Electrodes solar cell
Inc. = Ab. + Ref. + Trans.
* Light absorbed:

= Often converted into heat (infrared radiation).

" In a PV material, a portion will be converted into electrical
energy.

Dr. Nguyen Xuan Truong, EN department 47



PV conversion

The solar cell: A diode that generates a current

Converting light into electricity (2/8)

@ What about a piece of colored glass in red ?

* It transmits the red light because the eye receives it. About the reflected portion, it will amount to 8% of

the luminous flux from all colors, because of the glass refractive index. And the rest of the light (blue,
yellow, ...) will be absorbed in the material.

Converting light into electricity (3/8)

* In a photovoltaic material, a portion of the absorbed light output will be returned in the form of electrical
energy.

* It should, initially, the material has the ability to absorb visible light, since that's what we try to convert
(sunlight or other artificial sources)

48
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PV conversion

The solar cell: A diode that generates a current

Converting light into electricity (4/8)
@ What happens when a material absorbs light?

* Energy follows a decreasing exponential law, because the part
that remains to absorb, it decreases gradually as we enter into
the material.

* The remaining energy, at depth z, in a material follows the law:

E(Z) = Eince_a'z
* The energy absorbed, at depth d, of material is:
Eabs = Einc - Eince_Ot.d =Einc (1-6_0“1)

* The absorption coefficient a depends on:
" material
= of the wavelength of the incident energy

49 Dr. Nguyen Xuan Truong, EN department



PV conversion

The solar cell: A diode that generates a current

Converting light into electricity (5/8)

Data for A=0,59um :
= Silicon:
= on a 100 um thick slice, all of the incident energy is absorbed Crystalline silicon 4,5.103
= Amorphous silicon: N .
= alayer of 1 mm is sufficient to capture all of the radiation. Amorphous silicon 2,4.10
Gallium arsenide 5,4.10%

Additional techniques can improve the process:

* Using an aluminum reflective layer at the back of the active layers (reducing
transmission losses).

* Increase diffusion by increasing the roughness of the active layers.

Incident radiation

Trapped light !

50

Reflective aluminium layer Dr. Nguyen Xuan Truong, EN department



PV conversion

The solar cell: A diode that generates a current

Converting light into electricity (7/8)

* Reflection rate: 2
n,+n,

@ What about raw silicon ?

* Raw Silicon (n =3.75 for | =0.6 mm)

* R=33%!!

Tempered glass (n=1,5)

In practice,

* EVA (ethylene-vinyl-acetate) anti-
reflective and safety glass: the example
of crystalline silicon.

Anti-reflective layer (n=2)
Cristalline silicon (n=3 a 4)

EVA resin (n=1,5)

Back layer

51 Dr. Nguyen Xuan Truong, EN department




PV conversion

Transfer of photon energy to electrical charges

* Solid material :

Material

@ How it works ?

Electron

Proton

Neutron

f
>

Photons absorbed »

Photon energy to electron

» Release of electron

»

Hole

»
»

52

Electron from a neighboring atom replaces the hole

» New hole created

New Electron from a neighboring atom replaces the hole »

»

Electric charges flow

»l Electric current

Dr. Nguyen Xuan Truong, EN department




PV conversion

Electrical charges

@ How to generate electrical energy?

* For the charges released by the illumination become energy
generators, they must circulate.

* PN junction created in the semiconductor.
* Goal : Generate an electrical field

* This is possible by doping the semiconductor

53 Dr. Nguyen Xuan Truong, EN department



PV conversion

Doping (Semiconductor) ° Dopmg a pure semiconductor will allow to bring excess charges that will
improve the conductivity of the material.

(a) (b) (c)

Schematic view of pure silicon atoms (a), n-type silicon (b) and p-type silicon

* n-type silicon => “donor” of electrons => Phosphorous
* p-type silicon => “acceptor” of electrons => Boron

* A PN junction is a boundary or interface between two types of semiconductor material, p-type and n-
type, inside a single crystal of semiconductor.

p-type n-type
Anode silicon silicon Cathode

o ™S 0
Anode L/ Cathode

54 Dr. Nguyen Xuan Truong, EN department



PV conversion

Process

Generation and transmission in a semiconductor material of positive and negative electrical charges in
response to light:

* 1) This material has two layers, one with an excess of electrons (n-

doped) and the other an electron deficit (p-doped). [Foee R

* 2) When the first layer is in contact with the second, the excess Electron () i
electrons in the n material diffuse into the p material. ——

* 3) The initially n-doped region becomes positively charged, and the PN junction
21 . : : © ©n o
initially p-doped region negatively charged. p-doped semiconductor

* 4) It is therefore created between them an electric field which
tends to push electrons in the n region and the holes toward the p
region.

Electric Field

* 5) A junction (p-n) has been formed. By adding metal contacts on the n
and p, a diode is obtained.

* 6) When the junction is illuminated, the photons of energy equal to or
greater than the width of the band gap communicate their energy to the
atoms.

* 7) Each passing electron from the valence band into the conduction
band, leaves a hole capable of moving, thus generating an electron-hole
pair.

55 Dr. Nguyen Xuan Truong, EN department



PV conversion

Process

Generation and transmission in a semiconductor material of positive and negative electrical charges in

response to light:

* 8) If a load is plugged across the cell, the area of the
n electrons meet the holes of the p-zone via the
external connection, giving rise to a potential
difference: the electric current flows.

56

Hole (+)

Electron (-)

n-doped semiconductor

PN junction

p-doped semiconductor

Electric Field

. Sun light

Dr. Nguyen Xuan Truong, EN department



PV conversion

PV junction
* Equivalent circuit of a solar cell: R |
' Ip Isy A +

IL(1> \V4 Rsu | V; v

@ Determine the characteristic equation of a solar cell?
=1 -1,-1,

e [: output current
* /,: photogenerated current
* [,: diode current
* [;: shunt current

V.=V + 1R

57 Dr. Nguyen Xuan Truong, EN department



PV conversion

58

PV junction

@ What about 7,?

* . voltage imposed on the diode

* Vt. kT/g=26mV a 300K

V;
I/, zlo(e i

V;
ID:IOeé

D

° k: 1,38x1023 Boltzmann constant

* g: 1,602x10°!° electron charge

e T: absolute temperature in kelvin

* [,: reverse saturation current of the diode

e Under 1llumination :

V;
]D:]:IL—IO[eé

D

* /,: photogenerated current

Dr. Nguyen Xuan Truong, EN department



PV conversion

PV junction

59

What about Isc?

Ve ler{l+]
q 1
*I,>>1,
Voe = k—Tln ]]
q 1,

Dr. Nguyen Xuan Truong, EN department




PV conversion

Power and efficiency

* At point P, of the characteristic, the power of the cell is maximum. This point is called maximum

power point.

* It is clear that the more the curve is square, the higher the maximum power. This property is

measured by the fill factor:

P

OC'ISH

FF=—m

* It reports the quality of the cell, incorporating the serial and parallel internal resistance.

Photovoltaic Array Voltage / Current Characteristic

PV Current (Amps)

m

Dr. Nguyen Xuan Truong, EN department
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Cell technologies

Photovoltaic solar energy

* Photovoltaics (PV) is the name of a method of converting solar energy into direct
current electricity using semiconducting materials that exhibit the photovoltaic effect.

* A photovoltaic system employs solar panels composed of a number of solar cells to supply usable solar
power. The process is both physical and chemical in nature, as the first step involves the photoelectric
effect from which a second electrochemical process takes place involving crystallized atoms
being ionized in a series, generating an electric current.

Solar cell Solar panel/ PV module

produce a very small electrical current & voltage produce more voltage = more power

Dr. Nguyen Xuan Truong, EN department 61



Cell technologies

Different technologies

* Two main types of technologies exist:

* The first, based on crystalline silicon, covers about 85% of
world production, and includes:
= Monocrystalline silicon,
= Poly-crystalline silicon (or multi-crystalline),
= Amorphous silicon.

* The second, the thin film, includes: | [T
= Amorphous silicon cells, Wi it
= Cadmium telluride,
= Copper indium selenium,
= Gallium arsenide.

*|n addition, other technologies are being tested as
organic cells, polymers or based on fullerenes.

Dr. Nguyen Xuan Truong, EN department 62



Cell technologies

Monocrystalline silicon (mc-Si)

* The technology is expensive since it requires pure
silicon wafers.

* Its efficiency is highest (14 to 21%). This has the
advantage of reducing the size of the modules for the
same power, useful thing when space saving is
required.

Polycrystalline silicon (pc-Si)

* The multi-crystalline technology is determined by the
re-melting of scraps of silicon crystals in the
electronics industry and requires 2 to 3 times less
energy than the previous technology.

* Its efficiency is lower (12 to 14%), but its cost is more
advantageous, which allows this technology to
dominate the market.

Dr. Nguyen Xuan Truong, EN department

(a)

Polycrystalline silicon

(b)

VIETNAM FRANCE UNIVERSITY
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Cell technologies

Amorphous silicon

* Material composed of hydrogenated silicon (non-crystalline state)
deposited on a glass substrate.

* From an efficiency worse than the crystalline silicon (5-7%),
amorphous silicon is often applied to low power devices
(calculators, lamps or timestamps), but firms like Solarex,
Phototronix, Canon or Fortum offer modules of the same size as
crystalline modules.

* Sanyo has developed an amorphous silicon technology on a
monocrystalline silicon layer (HIT technology), the efficiencies are
higher than that of single-crystal silicon (around 19%).

Monocrystalline Polycrystalline Amorphous

Dr. Nguyen Xuan Truong, EN department
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Cell technologies

mc-Si

pc-Si

amorphous

Benefits

v'Very good efficiency
v'Performance in terms of
Production

v'Proper efficiency
v'Correct performance
v'Cheaper than
monocrystalline

v'Productive even in low
illumination

v'Less expensive than other
technologies

v'Withstands high T ° C unlike
the mc and pc Flexible

Silicon comparison

STH

VIETNAM FRANCE UNIVERSITY

Disadvantages

v'very expensive
v'Low efficiency if the
irradiance power is low

v'Low efficiency if the
irradiance power 1s low

v'Very low efficiency
v'Performance decreases
rapidly with time.

Dr. Nguyen Xuan Truong, EN department
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Cell technologies

Silicon wafers (1/3)

STH

VIETNAM FRANCE UNIVERSITY

* Wafers are formed of highly pure (99.9999999% purity), nearly defect-free single crystalline material. One
process for forming crystalline wafers is known as Czochralski growth invented by the Polish chemist Jan
Czochralski.

ey

=
-_— — — —_— H
Melting of Introduction Beginning of Crystal Formed crystal
polysilicon, of the seed the crystal pulling with a residue
doping crystal growth of melted silicon

Dr. Nguyen Xuan Truong, EN department 66



Cell technologies

Silicon wafers (2/3) Silicon wafers (3/3)

* In this process, a cylindrical ingot of high
purity mono crystalline semiconductor,
such as silicon or germanium (called “a
boule”) is formed by pulling a seed
crystal from a “melt”. Donor impurity
atoms, such as boron or phosphorus in
the case of silicon, can be added to the
molten intrinsic material in precise
amounts in order to dope the crystal,
thus changing it into n-type or p-
type extrinsic semiconductor.

* The boule is then sliced with a wafer saw Monocrystalline silicon boule 2-inch (51 mm), 4-inch
and polished to form wafers. The size of (100 mm), 6-inch (150 mm),
wafers for photovoltaics is 100-200 mm and 8-inch (200 mm) wafers

square and the thickness is 200-300 um.

Dr. Nguyen Xuan Truong, EN department 67



Cell technologies

From the wafer to the cell

TH

VIETNAM FRANCE UNIVERSITY

N ‘ :
\\1 NCONCNON \\\\\\\\\\\ &

Monocrystalline Solar cell Solar panel PV module
silicon boule

@ What are the steps to manufacture the cells ?

* Pickling the surface (Eliminating sawing defects, Selective etching)

The phosphorus diffusion (to realize the photovoltaic junction)

Doping of the back layer with aluminum

Depositing of an anti-reflective layer on the front

Depositing of a gate metallization on the front (electrode (-))

Depositing of a weldable metal on the back (electrode (+)) PV floating

Testing and sorting all cells Dr. Nguyen Xuan Truong, EN department 68



Electrical characteristics — PV Cell

Shrr

VIETNAM FRANCE UNIVERSITY

Solar cell performa Nnces * Maximum power performance of a photovoltaic cell

Maximum Power

Amps FPoint (MPF) Power
Short Circuit A _ -V Curve _4 Pmax
Current (Isc) —=
T — ‘___,,..-—I::F' = vxl}
mp
— P-V Curve =
= =3
|'_|'_| e
E [k
: 2
E o
,:j: Area = Vmp X Imp
Vma}:

-
W mp T Volts

Open Circuit
Voltage (Voc)

Voltage (V)

A crystalline silicon cell V,. = 0.6V and a voltage at the
maximum power V,__ . = 0.45 + 0.5V, and will produce
around 3.05 A of Imp and 3.36 A of Isc at STC

Short Circuit Current (Isc) — It is the maximum current (in A or mA)
produced by the cell under given conditions of irradiance and
surrounding temperature. Isc is the current when the load is short-
circuited, i.e. the output voltage is zero. The output power at this
point is essentially zero.

Open Circuit Voltage (Voc) — It is the maximum voltage generated by
the cell under given conditions of light and temperature. Voc is the
voltage when the load is open-circuited, i.e. the output current is zero.
The output power at this point is again essentially zero.

Maximum Power (Pmax) — It is the maximum power that can be
delivered from the cell under specific environmental conditions. The
point at |-V curve at which the maximum power is attainable is called
Maximum Power Point (MPP).

Current at Maximum Power (Imp) — It is the current that results in
maximum power. Imp is also called the “Rated” current of the cell.

Voltage at Maximum Power (Vmp) — The voltage that results in
maximum power output is called Voltage at maximum power. Vmp is
also called “Rated” voltage of the cell.

Dr. Nguyen Xuan Truong, EN department 69




Electrical characteristics D

Solar cell performa nces * Maximum power performance of a photovoltaic cell

Solar cell I-V and power characteristics for different solar .. .
. o o T shart cirquit TN
irradiation values g N
3.5 \‘._
q 3_255%5%2 \
. o e Eas| |
@ Influence of irradiation ? N I
1.5
1
* The production of a photovoltaic panel directly dependent 05 pm‘ |
on the received Iight flux- GD 0,05 01 2,15 0,2 0,25 I“CI,B (‘:;:35 04 045 0,5 D,S;.E 0,6
oltage
* Current proportional to the solar radiation. 24
r—— maximum power polnt ——
* Voltage is less degraded when the light varies (The voltage 2 | = S j,.f*}‘\
. : L. o] [= S e
varies as the Logarithm of the radiation. ® e
;. 1.5 '|_
E 1,2
E 0.9
0.6
0,3
Q

o o0 o1 o415 02 025 02 0,35 04 045 05 055 086
Voltage (V)
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Electrical characteristics P

Solar cell performa nces * Maximum power performance of a photovoltaic cell

Solar cell I-V and power characteristics temperature dependency

5
4.5
L]
3,5

3

.

= short cirquit

solar ool temparanne
-25%C
°C

@ Influence of temperature ?

% s —a
3 2
1.5
* The temperature has a significant impact on the , open crguit st 23%¢ |
performance of crystalline cells. 8
o
° Indeed, the voltage of a crystalline cell decrease with -+
temperature. :
2,7
* The voltage of a cell typically loses 2 mV/°C. 24 T PR EEIN
2,1
* It is possible to reach 70°C. ¢ e [P
* The actual operating temperature of a cell is still above PV ==
ambient temperature. i
0,6 .//z/’
]
'Df,/
Q Q.1 o2 0,3 0,4 0.5 0.6 Q.7 0.8
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From cell to photovoltaic panel

* Asingle solar cell of size 4 sq. inch (105 sg.cm) will produce around 3.05 A of Imp and 3.36 A of Isc at STC. Assuming
Vmp to be 0.5 V, the maximum power generated by the cell would not exceed 1.52 Wp (Watt peak). This is too low
power for any practical applications. In fact, increasing the size of the cell can increase the power, but there are
practical limitations of cell size.

* Therefore, numbers of cells are connected in series and/or parallel to increase the current, operating voltage as
well as the output power.

VIETNAM FRANCE UNIVERSITY

v' When two cells are connected in series the voltage doubles (or the total output voltage is the product of voltage
produced by individual cell and the numbers of cells connected in series). But the current through the series
connected cells will be equal to the current produced by a single cell.

v" if we connect number of cells in parallel, the total output voltage will not change but the total current will be equal
to the product of current produced by one cell and number of cells connected in parallel.

If 60 cells with Vmp = 0.5 V and Imp = 3 A are connected in series: If 60 cells with Vmp and Imp are connected in parallel:

The Vmp for 36 series connected cells =0.5V* 60 =30V, and Imp The Vmp for 60 parallel connected cells = Vmp of single cell =0.5 V, and
60 series connected cells = current produced by the single cell =3A  Imp for 60 parallel connected cells = Imp (of a single cell) * 60 =3 * 60 =
The total power (at MPP) in this case would be: 180 A.

Pm=VmpxImp=30x3=90Wp The total maximum power in this case will be Pm =0.5V x 180 A = 90 Wp.

The |-V curve with series connected cells will now have the voltage axis  The I-V curve with parallel-connected cells will now have the current axis shifted
shifted 36 times 36 times.

The power will be multiplied by number of cells no matter how these cells are connected (in series or in parallel) 72



From cell to photovoltaic panel
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A solar module is nothing but number of cells connected either in series (in most of the cases it is the series connection

that makes a module) or in parallel and encapsulated in a single frame.

* Panels of various powers are formed depending on the
surface implementation (1 to 400 Wp per panel), capable of
generating direct current.

* Cells connected in series.
* Standard cell size:156mm x 156mm.

Solar cell

@ What's going on when the cells are in series?

* Tensions are added

* The current is the same as that of a single cell
* => S0, always add cells with the same current in series.

3 cells in series ——

Front panel

Solar panel or Solar module

jpp=

Terminal box ——__|

/ EVA encapsulation

Cable glands

[ PV CCell

Rear protection/

Mounting holes.—-—-"""':"o

Nameplate

Dr. Nguyen Xuan Truong, EN department

Rear panel
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From cell to photovoltaic panel

@ How to define the number of cells per panel?

* A crystalline silicon cell V,. = 0.6V and a voltage at the maximum power V

TH

VIETNAM FRANCE UNIVERSITY

= 0.45-0.5V.

maxP

* In most common load for a solar PV application is a 12V storage battery. To charge a 12 V battery fully, the charging
voltage needs to be not less than 14-15 V. So most modules are made of enough cells in series to produce at least

14.5 V at MPP, to be able to efficiently charge the batteries. e
A W E_:EL i N X
* To achieve this voltage, 30-36 Silicon cells or 24-28 thin film silicon cells are === T ﬂ E - “a}t
connected in series. The I-V curve for a single cell is added along the voltage axes | |’ —— =% i
. A L, # . | T
36 tlmes. | ! /ﬁ-— A"z._l/- :-é&“""-n‘ "'"‘:;::
 Panels for battery charging (autonomous system): S L. ] - o
ELECTRICAL DATA | STC* ME(I:.;I::?:-‘LMMDHH
They must be calculated to satisfy the requirements of the batteries usually in Oo St e oy BV SOV v ety
Ty N e oy
Mnﬁulz.!ﬂﬁ:iml:y 1654 1680 1T01R Frarm Corver ; J.Im.lnlzlr‘)el:ﬁjiﬂﬁs
For a 12V panel, 36 cells in series (36 x 0,45V = 16,2V). e I —
O Panels for grid connection: Com R oy me e e o g
Opl Operating Voltage (Winp) 283 JB5W  ZBEW Temperature Coefficient (Vo] 031 % /°C
. . . . . Opt Operating Currert (Imp) T01A  710A 7164 rmmmmmt?n 'Jizﬂizjéc
It is interesting to have panels with a higher voltage, > 30V. EmSaamly

@ Why? * They are made to supply inverters with input voltages increasingly high (150-200V at least).
* The higher the voltage, the lower the current (thinner cables and less powerful circuit breaker)



From cell to photovoltaic panel

@ Output of PV Module

Unlike the other power generation devices, output voltage varies

Output power depends on what output voltage Is used
Max. output power (rated Wp) is available only at Vmp point under STC

*
* OQOutput current depends on what output voltage is used
*
*

3.00

100.0
l=c (Short circuit nt) IV Curve
s O CIFCUN CUrme| ’///
Qo0
20.0

Pm

Max. P Point V0.0
Imp (Max. power current) (Max. Power Point)

_ = \ 80.0
<
b 200 50.0
1 50 Power Curve _ - 40.0
: sy
- {Open circuit 100
- valtage) )
1.00 -
- : Voo 20.0
0.50 - Vmp g
- {Max. power voltage) \\‘ : 10.0
- i
0.00 ' " i 4 i i " 3 i i i " } a — } i } 0.0
0.00 5.00 10.00 15.00 20,00 25.00
Voltage (V)

TH
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— |-V curve is the most important data for PV module

| -V curve

FATHEH 7] 80
PV N e SETnoooooon 140
120 Pm
s — N 100
< - P -V curve N E
Short Open B i 0eg
3 &0
R 0 =2 R1 > o s S
V. 0 = Vmp=> Voc 2 e i “0
| Isc = Imp=> 0 1 | EEEEEEE R
0 - 0
1] 5 10 15anI ZOVOC 25

Voltage (V)

STC: Standard Test Conditions => AM = 1.5, t = 25° C, Irradiance = 1.0 [kW/m?]

Like PV Cell, PV Module has same characteristics

* Higher temperature reduces output voltage
approx. — 2.2 mV /°C per Cell
approx. — 80 mV /°C per 36-cell PV module

* Higher irradiance increases output current
* Rated output (Wp) does not mean actual output power at the site
— Maximum power (P = | x V) depends on Irradiance (l) and Temperature (V)

— Maximum power changes approx. - 0.5 % /°C,
100Wmp at 25 °C = 85Wmp at 55 °C

FPower (V)

Dr. Nguyen Xuan Truong, EN department



From cell to photovoltaic panel
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@ PV Array assembly

* To have an installed capacity of several hundred watts, kilowatts, or even megawatts, it is necessary to
assemble photovoltaic panels => Photovoltaic field or photovoltaic power station.

Module Series & Parallel Connection
Cells in series
Hmmm - Case 2
Cell (i <
_ LT
W) — 8888 — l
Array PV module

Strings in parallel

String
Modules in series
dood SORE GREE BI8E

—

|

Case 2

Dr. Nguyen Xuan Truong, EN department




From cell to photovoltaic panel

@ Encapsulation of photovoltaic module:

* A polymer widely used as an encapsulant between the glass cover of a solar module and the glass cover
of the solar cells within the module is Ethylene Vinyl Acetate (EVA). EVA is chosen for its hard-wearing,
transparency, corrosion resistance and flame retardant properties.

* The passage from the cell to the panel is

~<%‘: Aluminum frame not without consequence ?
| . Tempered cover glass * Glass and EVA generates an optical loss (=

4%).
* The dispersion between cells.

ARS RGCRE Encapsulation foil 1 (e.g. EVA)

Rirnged.selar colle * Losses due to the geometrical

Encapsuiation foil 2 (e.g. EVA) arrangement.

[ J 1 H .
Back sheet (e.g. Tedlar®) Electric series losses (welding, cables)

Junction box

Dr. Nguyen Xuan Truong, EN department



PRACTICAL WORK N°1

Electrical Characteristics — PV Modules

Laboratory 1: Electrical characteristics of PV module (Normal and Perturbed conditions)

= I-V curves depending on Temperature, Solar Irradiance)

Shrr

VIETNAM FRANCE UNIVERSITY

Technical Specifications A118

Power: 4.0V / 350 mA
Dimensions (H x W x D): 115 x 155

Connections: 2 mm banana sockets

Technical Specifications A113

Power: 2.0V / 600 mA
Dimensions (H x W x D): 115 x 155

Connections: 2 mm banana sockets

S

Amps Power
A [V Curve Parallel A
~— MPP *
\G\ .
Parallel x 100 mm)
Series .
= MPP =
w _
o o
: :
g g
':I: o
Single Series
x 100 mm)
D' - -
Valtage (V) Volts
Ip
[ 1

PV

PV

—

Material: https://www.fuelcellstore.com/solar-power/solar-panels/solar-panel-4v-350ma

Vp

O—

Dr. Nguyen Xuan Truong, EN department
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PRACTICAL WORK N°1 &

@ Electrical Characteristics — PV Modules

,, N°1. A simple

e

-

' PV module
Decade resistor box /
S p y ?
/ / \ A O .\ ./ "‘_Q‘f{‘

Light source

Voltmeters DC load

Solarimeter

Material: https://www.fuelcellstore.com/solar-power/solar-panels/solar-panel-4v-350ma

Dr. Nguyen Xuan Truong, EN department
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UNIT - N°.4
WIND ENERY

TH
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Wind Turbine Generators (WTG) & Wind Farm

Netherlands = coastal development England = off shore
Wind energy problems

» Location — near population center !!!

» Bird migration

» Visual

» Must be coupled with other sources of electricity (intermittent supply)

Dr. Nguyen Xuan Truong, EN department 80
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UNIT - N°.4
WIND ENERY

Wind Energy - Technology

m Differential heating of the earth’s surface and atmosphere
induces vertical and horizontal air currents that are
affected by the earth’s rotation and contours of the land
and generates WIND.

N

m A wind turbine obtains its power input by converting the E’Q@
force of the wind into a torque (turning force) acting on
the rotor blades.

m  The amount of energy which the wind transfers to the

rotor depends on the density of the air, the rotor area,
P = Power

p = Air Density (kg/m3)
A - Blade Area -turbine (m?)
V = Wind velocity (m/s)

and the wind speed.
P=05*p*A*V/
m PLF (plant load factor) of Wind Farm is normally in the

range of 20 % to 30% depending upon the site conditions
and WTG rating.

Dr. Nguyen Xuan Truong, EN department 31



Major Components of Wind Turbine

Wind Turbine Components

Rotor Tip

"~ Nacelle

Blades —-

«— TOower

Footing Ground Level

.

UNIT - N°.4
WIND ENERY

The nacelle
1. Tower '
2. Blades

3. Rotor

4 Brake

5. Low-speed shaft
6. High-spaed shaft
I. Yaw Diive

8. Yaw Motor

0. Gear Bax

10. Genesator

1. Anemometer
12. Wind Vane

The nacelle:
Where wind
becomes electricity

Wind Direction

Dr. Nguyen Xuan Truong, EN department
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UNIT - N°.4
WIND ENERY

Major Components of Wind Turbine

VIETNAM FRANCE UNIVERSITY

Wind Turbine Components

. Nacelle

Rotor Tip

\ Gear Box
Rotor LowSpeed Shaft

g N -,
.

Controller

—

"~ Nacelle \ o~ Gt'?_‘.’}‘«i’.ﬁ..—“
Blades — Brake ' - e
.
«~—— Tower Blades :‘.; Vawis Mo High Speed Shaft

I

f ———————Tower

Footing Ground Level Nacelle - Siemens
}

\ Dr. Nguyen Xuan Truong, EN department 83




UNIT - N°.4 WIND ENERY

Wind Energy — Present Scenario

Wind Power — Fastest growing renewable energy
source

Globally, it grew at the average rate of 27 % pa over the
past 10 years.

While in India it grew at the average rate of 33% over
the past 9 years.

Presently, India is ranked 4" in the world in terms of
Wind Energy Installed Capacity

Drivers of growth

m Environmental Awareness and Sustainable
Development

Growing Global Energy Demand

Improving Competitiveness of renewable energy
Security of Supply Concerns

New Markets (e.g. India, China etc)

Carbon Trading

Fiscal Benefits by Govt. (PTC, feed in tariffs, etc)

VIETNAM FRANCE UNIVERSITY

Wind Energy Installed Capacity (MW) - World

152,000

160000

2

‘_'-..
140000 =

—
120000 =

100000

59,024

80000

60000

(an]
[=a]
[Y=]
r~
=
40000 > =
— -
0 1 T T

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

I Installed Capacity (MW) ===-=- Expon. (Installed Capacity (MW))

Source: World Wind Fnergy Association

435'258

371317

318'914

11,8%
282'866 /

— 17,2%

16,4%
12,7%

2012 2013 2014 2015 2016 2017
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UNIT - N°.4 WIND ENERY

Wind Energy — Present Scenario

World Region End 2017 New 2018 End2018  Change Country End 2017 New 2018 End2018  Change
Asia-Pacific 234 417 26,737 261,152 11.4% China 188,392 23,000 211,392 122%
Europe 178,136 11,677 189,606 6.4% USA 89,077 7,588 96,665 8.5%
Americas 123,121 11,940 135,071 9.7% Germany 56,189 3,122 59,311 56%
Africa & Middle East 4758 962 5,720 20.2% India 32,938 2,191 35,129 6.7%

World Total MW 940,432 91,316 991,549 9.5% Spain 23,097 397 23,494 1.7%

Source: Global Wind Energy Council (GWEC) and WindEurope United Kilgdom 19,069 1,901 20,970 10.0%

Countries grew the most by the France s e a0

. " Brazil 12,769 1,939 14707 152%

percentage of its installed base last year Canada ok o osc TE
argexitins P Italy 9,506 452 9,958 48%
Sweden 6,700 707 7,407 10.6%

- Turkey 6,872 497 7360 72%
Egypt 3l Poland 5,848 16 5,864 0.3%
vietnam Denmark 5,490 268 5758  4.9%
Portugal 5313 67 5,380 1.3%

P Australia 4813 549 5362  11.4%
Thailand [0 Mexico 4,006 929 4935 232%
— Netherlands 4377 94 4471 21%
Japan 3,399 262 3,661 7.7%

Global R Ireland 3,371 193 3,564 5.7%
0% 10%  20% 30%  40% 50% 60%  70% 80% 90% 100% World Total MW 540 435 51,316 591,549 95%

Source: Global Wind Energy Council (GWEC) and WindEurope

@ startof 2018 (Mw) @ Additions (MW)

Dr. Nguyen Xuan Truong, EN department

Wind power installed in the world (2018)
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UNIT - N°.4 WIND ENERY
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Wind Energy — Present Scenario
Total Onshore Offshore
Total 63.8

>4.9 53.5 51.3

45.0

Offshore

4.5 4.5

2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018

Wind power installed in the world (2018) Dr. Nguyen Xuan Truong, EN department 86



UNIT - N°.4 WIND ENERY ¢ TH
Wind Energy — Present Scenario

New installations onshore (%) New installations offshore (%)

® PR China 44% @ PR China 39%
® usa 7% @ United Kingdom 29%
@ India 4% @ Germany 18%
® 5pain 4% @ Denmark 6%
) Sweden 3% @ Belgium 6%
® Fance 7% ® Restof World 23%
@ Mexico 2%
Germany 2%
@ Argentina 2%
@ Australia 2%

@ Restof World 18%

Total installations onshore (%) Total installations offshore (%)

@ PR China 37% @ United Kingdom 33%
. USA 17% ® Gemany 26%
@ Gemany 9% @ PR China 23%
@ india 6% @ Denmork 2%
® Spain 4% ) Belgium 4%
@ France 3% ® Rest of World 8%
@ Brozil 3%
UK 2%
@ Canada 2%
@ taly 2%

@ Restof World 16%

Wind power instaIIEd in the World (2019) Dr. Nguyen Xuan Truong’ EN department 87



UNIT - N°.4 WIND ENERY

Wind Energy — Present Scenario

CAGR: compound annual growth rate
CAGR /____,——v

® Onshore CAGR / +9%
® Offshore / 3% T
CAGR
+22%
/ 45.0

638 60.4
517 549 535
. 507
335 39] 406 12
36.0
1.5
20.3
147 03
s o
8.1 01
0.3

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Share of offshore ~1%

o Onshore /

* Offshore CAGR

+12%
651
591
CAGR 540 23
+17% 188 19
14
/// 433
CAGR 12
+26% 370
319

283 7
238 5

198 *
|59
'IZ'I
T |!
wvaBH!

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

N

78 421 473

Share of offshore ~1% ~2% f 3%

STH
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Wind Power Capacity Worldwide
Reaches 597 GW, 50,1 GW added in
2018

China with more than 200 GW, USA close
to 100 GW, Europe in decline

Over 60 GW of wind energy capacity
installed in 2019, the second-biggest year
in history

Total capacity for wind energy globally is
now — March 2020 - over 651 GW, an
increase of 10 per cent compared to
2018.

Dr. Nguyen Xuan Truong, EN department 88



UNIT - N°.4 WIND ENERY

e Wind Power in Vietham

* Legal Rules: Decision 37/2011/QD-TTg, dated 20/6/2011 issued by Prime Minister and Circular
32/2014/BCT issued by MOIT.

v" Electricity Tariff (FIT):

7.8 USCents/kWh Decision 37/2011/QD-TTg

8.5 USCents/kWh Onshore projects (Decision. 39/2018/QD-TTg
dated 10 Sept 2018)

9.8 USCents/kWh Offshore projects (Decision. 39/2018/QD-TTg)

v PPA : based on sample PPA

* So far, there have been 9 projects signed PPA with EVN with total installed capacity of 403.9 MWp and
around 189.2 MW in commercial operation

Dr. Nguyen Xuan Truong, EN department 39



UNIT - N°.4 WIND ENERY
TH

Wind Power in Vietham Target

Current Status > Vietnam has a good potential to develop wind

R— energy for both onshore and offshore
—— — » Promising wind speeds in the southwest and
. ‘ | central highlands regions
5{ | %3 ax | : 83
- 3 3 < : ir
i i R i i £ H SHARE OF WIND ENERGY

IN THE ENERGY MIX

SOMW IBMW 83.2MW 24MW 30MW EMW 37.6MW
° ° ° ° ° >
20M 2012 2013 2016 2017 2018 2018
2030
e oy ,
| 2020
. End 2019: total cumulative installed wind ©9© MW
~ .2 MW install : =
189.2 M stalled power capacity of 487.4 MW ‘
> Vietnam has an estimated total wind capacity of 513,360 MW, the largest in e ;é
Southeast Asia - Ref: Vietham Energy Association (VEA) Detplossat e

(PDP) VII (revised)

» 24 GW of onshore and 475 GW of offshore wind technical capacity — ref
https://gwec.net/global-wind-report-2019/

Dr. Nguyen Xuan Truong, EN department
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UNIT - N°.4 WIND ENERY

Wind Power in Vietham: Potential

Wind Resource Atlas in 2011

v' Wind energy theoretical potential based on
the Wind Resource Atlas (ref-1)

v’ Estimation of Technical Wind Power Potential (ref-2)

» Onshore : 24 £ 27 GW of potential
installation capacity (ref)

Average wind speed | Area for wind power | Share on total Viet Nam | Technical power rate
on height of 80m development/deployment size (310,070 km?) potential for wind turbines
° . . . [m"‘S] [kmzl [%] [MW] 50
Wind potential in Vietnam
. <4 95,920 30.9 959,200
concentrates mostly in the
4.5 70,870 229 708,700
southern central coastal
. . 5-6 40,470 13.1 404,700
region (Binh Thuan ’ '
Province) and the southern 6-7 2,440 0.8 24,400
coastal region (Tra Vinh, Bac 7-8 220 07 2,200
Lieu and Soc Trang 8-9 20 006 200
provinces) with average o ] o 10
windspeeds of 7 m/s or
. Total 209,941 67.8 2,099,410
higher
Best suited 2,681 0.88 26,810

Ref-1: Wind Energy Potential Vietnam, Joost Sissingh, Eric Arends (Wind Minds) Baseline Study Wind Energy Vietnam, July 2018
Ref-2: GIZ Energy Support Programme (2015): Overview of the Vietnamese Power Market — A Renewable Energy Perspective, 2015

Dr. Nguyen Xuan Truong, EN department
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No data
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65-7
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>3

T

Average wind speed
at 100 m height
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UNIT - N°.4 WIND ENERY

Wind Power in Vietham: Potential
> Offshore:

m/s |
7e

Thailand

200
100

windspeed in South (2

=1 Average offshc

Offshore wind energy is a relatively new and emerging market in Vietnam,
with huge potentia

Dr. Nguyen Xuan Truong, EN department



UNIT - N°.4 WIND ENERY

Limited available wind resources, higher than 6.5m/s is economical

Costly: transmission line, wind energy conversion system.

More costly with small wind projects (<100 kW)

Environmental impact: visual pollution, bird killer, land usage

Dr. Nguyen Xuan Truong, EN department 93
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UNIT - N°.6 HYDRO ENERGY

VIETNAM FRANCE UNIVERSITY

Hydropower Plant
There are three types of hydropower facilities: (IEA-ETSAP and IRENA, 2015, “Hydropower: Technology Brief”)

¢ Run-of-river. A facility that channels flowing water from a river through a canal or penstock to spin a turbine. Typically,
a run-of-river project will have little or no storage facility. Typical small capacity.

+» Storage/reservoir. Uses a dam to store water in a reservoir. Electricity is produced by releasing water from the reservoir
through a turbine, which activates a generator. Typical large capacity.

+ Pumped storage. Provides peak load supply, harnesses water which is cycled between a lower and upper reservoir by
pumps which use surplus energy from the system at times of low demand

ot
-

= i -z
Reservoir @ F b Spillway SRS SRR Fsh Ladder
/ SN

WIELARCY O OPEN-LOOP PUMPED-STORAGE HYDROPOWER CLOSED-LOOP PUMPED-STORAGE HYDROPOWER

Projects that are continuously connected to a naturally flowing water feature Projects that are not continuously connected to a naturally flowing water feature

i

‘ Control Gate

Penstock B Transformer » N\ ‘ i
, \ &= : - NI, S X
‘ N\ : : y\' 1 o—— Penstock/Tunnel Penstock/Tunnel —e T r—
s | St e 5 (& ~» |#————=—— Powerhouse Powerhouse —J/‘.!»

- I - | : . - %1—— Generator/Motor Generator/Motor A WM%D) E

4 Generator k‘\ < : : <
" 4 7 -— Tyml Pump Turbine/Pump -
i Turbine
A 4
Draft Tube @

A

AN N (S
Pumped-storage hydropower: type of hydroelectric
energy storage




UNIT - N°.6 HYDRO ENERGY

Hydropower Plant

Classification: (IEA-ETSAP and IRENA, 2015, “Hydropower: Technology Brief”)

Large- Hydropower >30 MW
Small-Hydropower 1MW -30 MW
Pico and Micro hydropower <1MW

What are the biggest hydroelectric power plants in the world?

Three Gorges (Dap Tam Hiép), China — 22.5GW

32 turbine / generator units rated 700MW each, and two 50MW power
generators

Itaipu, Brazil & Paraguay — 14GW
20 generating units with a capacity of 700MW each

Xiluodu, China - 13.86GW

18 Francis turbine-generator units of 770MW each
Guri, Venezuela - 10.2GW

20 generating units of different capacities ranging between 130MW and 770MW

Shrr

VIETNAM FRANCE UNIVERSITY

Input
The falling water from either reservoir or run-of-
river having certain head (height) and flow rate

Output
Power capacity (kW) and energy (kWh)

Typical capacities (td may)
Hydropower systems can range from tens of Watts to
hundreds of Megawatts. Currently up to 900 MW per unit

Ramping configurations

Hydropower helps to maintain the power frequency by
continuous modulation of active power, and to meet
moment-to-moment fluctuations in power requirements.
It offers rapid ramp rates and usually very large ramp
ranges, making it very efficient to follow steep load
variations or intermittent power supply of renewable
energy such as wind and solar power plants.
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UNIT - N°.6 HYDRO ENERGY
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> In 2018, electricity generation from
hydropower reached an estimated HYDROPOWER INSTALLED CAPACITY WORLDWIDE

4,200 terawatt hours (TWh), setting

the highest ever contribution from a EeToF HEWaTD 2e8 B CHINANS
renewable energy source. mm COLOVEIA
= IRAN12
» An estimated 21.8 gigawatts (GW) Bl Mexico 2
of hydropower capacity was put == AUSTRIA15
into operation in 2018, including M VENEZUELA
EEm SWEDEN 16
nearly 2 GW of pumped storage, —
bringing the world’s total installed E3J  SWITZERLAND 17
. . = SPAIN 20
capacity to 1,292 gigawatts (GW). T
] FRANCE26
TURKEY 28 A |
== NORWAY 32 BRAZIL
’ UNITED
= e V = i
0/ WIND ® JAPANS50 J#+] CANADA 81
- MORE THAN
illg;\?:ﬁ AND ALL OTHER Hydropowerinst.alled c‘apacity (GW) of top 29 countries and Total hydropower
ossiL ST RENEWABLES rest of the world including pumped storage in 2018. installed capacity in 2018

Source: IHA 2018

FUELS AND _ COMBINED
NUCLEAR .

Vietnam: 17.031 GW
Hydropower is the world’s largest source of renewable
e|eCtriCity generation Dr. Nguyen Xuan Truong, EN department




UNIT - N°.6 HYDRO ENERGY

> 2018, the East Asia and Pacific
region once again added the
most capacity, with 9.2 GW
installed.

» It was followed by South America
(4.9 GW), South and Central Asia
(4.0 GW), Europe (2.2 GW), Africa
(1.0 GW) and North and Central
America (0.6 GW).

REDUCING EMISSIONS
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NEW INSTALLED CAPACITY BY REGION (MW)

East Asia
and Pacific

South and
Central Asia

Europe
Africa

North and
Central America

9,169 MW

3,962 MW

21.8 GW

Total new installed
capacity (2018)

- 1,009 MW
620 MW

NEW INSTALLED CAPACITY BY COUNTRY (MW)
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Hydropower has one of the lowest lifecycle GHG emissions per kilowatt hour among all energy sources
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Hydropower has come a long
way since first emerging as a

new and innovative form of

power generation, with
worldwide installed capacity
nearly 1,300 gigawatts.

EAST ASIA AND PACIFIC CAPACITY*

Rank Country

Total installed capacity

UNIT - N°.6 HYDRO ENERGY

HYDROPOWER GROWTH THROUGH THE DECADES
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COUNTRIES BY ADDED CAPACITY IN 2018 (MW*)

1 China 352,260
2 Japan 49,905
3 Vietnam 17.031
4 Australia 8,790
5 South Korea 6,490
6  Malaysia 6,094
7 Indonesia 5511
8 New Zealand 5,346
9 Laos 5,308
10 North Korea 5,010

1 st an 3rd 4th 5th
China Cambodia Laos Indonesia North Korea
8,540 300 254 61 10

*including pumped storage

East Asia and Pacific installed capacity (2018)
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UNIT - N°.6 HYDRO ENERGY

Pumped hydropower storage has
proven to be an essential
component for modern and future
clean energy systems. The significant
increase in variable renewable
electricity sources like wind and
solar coupled with their
displacement of conventional
generators has put increasing
pressure on power grids and
underlined the need for pumped

hydropower ‘water batteries’.

VIETNAM FRANCE UNIVERSITY

PUMPED HYDROPOWER STORAGE WORLDWIDE

160.3 GW ; Rest of the world

China

Total worldwide i Japan
hydropower ) United States
pumped storage
in 2018 : iy
France

Germany
Spain
Austria
India

South Korea

Pumped hydropower storage capacity (GW) of top 10 countries and rest of the world in 2018.
Source: IHA 2018.
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UNIT - N°.6 HYDRO ENERGY TH
Hydropower plant in Vietham

LAICHAU

Vietnam has great potential for hydroelectric power

v Vietnam has 2360 rivers of > 10km long, including 9 systems with
a basin area of 2 10,000 sq km Vg ]

v Theoretical capacity of about 35 GW, the technical potential is e SR i
about 26 GW, annually it can produce more than 100 GWh; 6

v" Small hydropower (the installed machine capacity <30 MW),
annually 15-20 GWh of electricity.

" QUANG NAM

v' 60% in the North (Da, Lo, Thao, Ma, Ca.. river) B e o
v’ 27% in the Central Region (Se san, Srepok, Ba, Vu gia— Thu i o Komum ........................ : mb

Bon, Huong river..) } , -
v' 13% in the South (Dong Nai river) \3‘ | | s :

{ 5 DAKLAK 5

Some big hydro-power plants: Son La (2400 MW), Hoa Binh (1920 w\ . ﬂ o oo g °
MW), Lai Chau (1200 MW), laly (720 MW) play as strategic and ;é"g‘i‘% ‘:,”; wz&”\}”’”"“ c g NINHTHUAN
multipurpose hydro power plants: They act at supplying the water and ' ‘;;} /4 Q ....................... & |
reducing floods, as river transportation means, and for the power grid {% ?‘/ At = P
ensure frequency regulation and voltage stabilization of the entire ,--'??.é( \ua ' ] LAMDONG  targ HydropouwerProjects -100 M)

o
.‘P M Inoperation

|

¥ &

"' W Underconstruction
3 . & Planned
E‘G \ 0 100 200 400
il \ — — T

WB 2016 101

system and contribute to a largeamount of electricity production
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UNIT - N°.6 HYDRO ENERGY
Small hydro power in Vietham

STH

VIETNAM FRANCE UNIVERSITY

The potential and current use of RE in Vietnam 2018 (NLDC
* Legal Rules: Decision 18/2008/Qb- BCT dated 18/7/2008 and replaced P ' ! ! v ( )

by Circular 32/2014/TT-BCT dated 9/10/2014 issued by MOIT.
Small hydro power Solar power Wind
v" Electricity Tariff (Avoided cost) ( ) ( o ) ( sl i) )

o Potential: > 7.000 MW Potential: 4-5 kWh/m? Potential: 27 GW
% By year, by Season Current use: 3300 MW Current use: ~ 5000 MWp Current use: 300 MW

*» Avoided cost issued by ERAV, 2016 tariff is around 5 Uscent/kWh

v PPA : based on sample PPA ( Biomass ) ( Biogas ) (Municipal wastes )

Potential: >3000 MW Potential: 58 MW Potential: 220 MW
v The theoretical potential of SHP production: 300 billion kWh/ year  current use: 400 Mw Current use: 0.5 MW Current use: 2.4 MW
v The technical potential of SHP production: 123 million kWh/ year.
v The total technical potential capacity of SHP: 1,600-2,000 MW ( Geothermal ) ( Tidal )
HPR : : Potential: 340 MW Potential: 100-200 MW
» 100-10,000kW per station: 500 small hydropower stations with Curfgnfuse: 0 MW Cufrgnfuse: o MW

total capacity of 1,400-1,800MW, accounting for 80-97% of total
small hydropower stations

» 5-100kW per station: 2,500 sites of small hydropower stations
with total capacity of 100-150MW, accounting for 5-7.5 % of total = 100-10000 KW
small hydropower); and
» 0.1to 5 kW per station (also called as Micro-Hydro Power » =5-100kw
Stations): total capacity of 50-100 MW, accounting for 2.5-5% of =0.1-5kwW
total small hydropower capacity
Dr. Nguyen Xuan Truong, EN department




UNIT - N°.6 HYDRO ENERGY

Cheap to operate

Long life and lower operating costs
than all other power plants

Renewable
High yield

Lower energy cost than any other
method

Pretty plentiful

Some countries depend almost
entirely on it

Not intermittent (if reservoir is large
enough)

Reservoirs have multiple uses

Flood control, drinking water,
aquaculture, recreation

Less air pollution than fossil fuel
combustion

Human population displacement
More significant breeding ground for disease
Reduces availability of water downstream
Ecosystem impacts
v’ Barriers to migrating fish
v' Loss of biodiversity both upstream and downstream
v’ Coastal erosion
v Reduces nutrient flow (dissolved and particulate)
Water pollution problems
v Low dissolved oxygen (DO)
v Increased H,S toxicity; other DO-related problems
v’ Siltation a big problem (also shortens dam life)
Air pollution
v" Actually may be a significant source of GHGs (CH,, N,0, CO,)
Decommissioning is a big problem

The Size Issue
v' Many (most) of the above problems are significantly worse for larger dams

v' However, small dams have shorter lifetimes, less capacity, and are more
intermittent 103



UNIT - N°.7 GEOTHERMAL ENERGY

v Geothermal power plants

VIETNAM FRANCE UNIVERSITY

Types of geothermal power plants

« Use earth’s heat to power steam turbines v" Dry steam plants use steam directly from a geothermal reservoir to turn

v" Geothermal direct use

* Use hot springs (etc) as heat source

v Geothermal heat pumps

Geothermal power plants

Geothermal power plants are used in
order to generate electricity by the use
of geothermal energy (the Earth's
internal thermal energy). They
essentially work the same as a coal or
nuclear power plant, the main
difference being the heat source. With
geothermal, the Earth's heat replaces
the boiler of a coal plant or the reactor
of a nuclear plant

Dr. Nguyen Xuan Truong, EN department

el bt

generator turbines.

v Flash steam plants take high-pressure hot water from deep inside the
earth and convert it to steam to drive generator turbines. When the
steam cools, it condenses to water and is injected back into the ground
to be used again. Most geothermal power plants are flash steam plants.

v’ Binary cycle power plants transfer the heat from geothermal hot water
to another liquid. The heat causes the second liquid to turn to steam,
which is used to drive a generator turbine

Generator Generator
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2 g\ 2 W Condenser
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https://energyeducation.ca/encyclopedia/Electricity
https://energyeducation.ca/encyclopedia/Geothermal_energy
https://energyeducation.ca/encyclopedia/Thermal_energy
https://energyeducation.ca/encyclopedia/Coal-fired_power_plant
https://energyeducation.ca/encyclopedia/Nuclear_power_plant
https://energyeducation.ca/encyclopedia/Boiler
https://energyeducation.ca/encyclopedia/Nuclear_reactor

UNIT - N°.7 GEOTHERMAL ENERGY

INTERNATIONAL MARKET GROWTH

TOP 10 GEOTHERMAL COUNTRIES
INSTALLED CAPACITY - MW (OCTOBER 2018) - 14,369 MW IN TOTAL

VIETNAM FRANCE UNIVERSITY

Turkey Geothermal Power
Generation Capacity

United States [ gsen
Indonesic | 1948 Gdded 2008"201 8
th‘:pr:es 956  Indonesia + 4,341 MW*
key 0N _
New Zealand 0050 1 GW Country Clul Total Geothermal Capacity
. Year-End 2018 14,600 MW
Mexico [IINSSTNNN *Additions in Nevada & Germany
italy 944NN 599 US announced this month
(celand [ZSSIN
erva INGTERN |
Jopan S22 Kenya Iceland +180
— Italy +134
Other 889N o zenrand Other +225
0 500 1000 1500 2000 2500 3000 3500 = 2
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UNIT - N°.7 GEOTHERMAL ENERGY

GLOBAL GEOTHERMAL POWER GENERATION POTENTIAL

VIETNAM FRANCE UNIVERSITY

4,447 3.400
' ' 1,642
Installed Resources A T_ :
talled Resources
Europe

Caribbean

Installed Resources 1,037 m

Africa
Installed Resources
L 4
B High temperatureregions = v
" Aus., NZ & Pacific

Bl Current installed capacity Installed  Resources
Il Frojects & inferred resources South America Sources: ThinkGeoEnergy. Geothermal Energy Association, IGA, Chevron
- i IR H i Note: Installed Capocity of 2017 [2018), resource estimates combined (1999-2012) - IGA estimates a

Hydrothermal Resource estimates conservative fotal potential of 70,000 MW and with technology improvements (extended use of low heat

and EGS resources) at around 140,000 MW in power generation capacity.
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UNIT - N°.7 GEOTHERMAL ENERGY

STH
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* Advantages
* Renewable
* Easy to exploit in some cases
* CO, production less than with fossil fuels
* High net energy vyield

* Disadvantages
* Not available everywhere
* H,S pollution
* Produces some water pollution (somewhat similar to mining)

Dr. Nguyen Xuan Truong, EN department 107



RENEWABLE ENERGY BRIEFING

RE — PRODUCED ELECTRICITY 2018

HYDROPOWER INSTALLED CAPACITY WORLDWIDE CUM PV INSTALLATION 2018
REST OF THE WORLD 269 CHINA 352
mm COLOMBIA
= IRAN 12
Il MExico12
. WIND === AUSTRIA15
VENEZUELA
. BIOMASS AND MORETHAN E= GWEDEN 16 | R—
e ALL OTHER VIETNAM 17
— 7 1% SOLARPV RENEWABLES STLERAND 17
FUELS AND ) COMBlNED E ITALY 23
NUCLEAR () 5C I FRANCE26 i
TURKEY 28
HE NORWAY 32 BRAZIL
= o
1~1 1 == INDIA50 =
Electricity generation by fuel and e ——
thousand TWh scenario, 2018-2040 il Ay () i et
Source: IHA 2018
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o o
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T g
= Total installations onshore (%) Total installations offshore (%)
30 B
3 .
T ©® PR China 37% @ United Kingdom 33%
= O usarz © Gemany 26%
@ Gemany 7% @ PR China 23%
20 © India 6% @ Denmark &%
Spain 4% Belgium 4%
@ France 3% ® Rest of World 8%
@ Brozil 3%
UK 2%
1 D . Canada 7%
@ ltaly 2%
@ Restof World 16%
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