PROMOTION OF ENERGY SCIENCE
EDUCATION FOR SUSTAINABLE
DEVELOPMENT IN CAMBODIA
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Categories Materials
saccharine sugar Cane, Beet, Sweet Sorghum, efc.
Termrestrial Starch Maize, Cassava, Sweet Potato, etc.
Plants Cellulose Napier grass, Bamboo Grass, Poplar, Plane Tree, etc.
Cultivated | (L2ND) Carbohydrate Fucalyptus, Blue Coral, efc.
Crops Oiland Fat Qil Palm, Rapeseed, Sunflower, efc.
_ Freshwater Water Hyacinth, Canadian Pondweed, etc.
’Eg?;ﬁ Plants Oceanic Kelp, Giant Kelp, Sea Lettuce, etc.
Micro-organism Chilorella, Photosynthesis Bacteria, etc.
Agriculfural, Agricultural Waste Rice Husks, Rice Straw, Straw, efc.
Fishery and Livestock Waste Caftle Swine, Excreta, Hen Down, etc.
Waste Foresiry Forestry Waste Brushwood, Branches, Thinned Wood, etc.
Materials Industrial Sludge, Pulp Sludge, Food Processing Residue, Wood Waste, etc.
Waste Domestic Domestic Garbage, Human Waste, efc.
Landfill Gas (LFC) (Gas from Landfills
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Technological Category

Description

Products

Direct Combustion

Produces thermal energy through direct combustion

Heat, Electricity

Co-fires biomass with other fossil fuels such as coal

Direct i ' ici
Combustion Multi-fuel Combustion (at coal fired power plants, eic.) Heat, Electricity
: i Processes biomass into chips and pellets for use in .
Solid Fuel Production heating equipment Solid Fuel
(Gasification Decomposes biomass by heat Gas
. i Heats biomass to 400-600° C for few seconds and -
Rapid Pyrolysis then cool it down quickly Liquid Fuel
. i . . Solid Fuel
IES;:E;I Carbonization Heats biomass in the absence of air (Charcoal)
C ) Hydrothermal Gasifies biomass in water at high temperatures and Gas
onversion Gasification pressures (thermo-chemical treatment) y
Direct Liquefaction Heats biomass in water at high pressures Liquid Fuel
- Heats biomass in water at high pressures for S
Slurry Fuel Production | 0 omsion o produce slurry Liquid Fuel
- Reacts edible oil (vegetable oil, etc.) with methanol Liquid Fuel (Bio-
Esterification (esterification) to produce fuel for diesel vehicles diesel)
Biochemical . Ferments biomass in the absence of air to
Conversion Methane Fermentation decompose it into methane and CO2 Gas (Methane)

Ethanol Fermentation

Ferments saccharides (glucose, fructose, saccharose)
with yeast to decompose them into ethanol

Liquid Fuel
(Mixed Gasoline)
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UIGATGNATE S
Gasification
Thermal depolymerization
Pyrolysis
Plasma arc gasification or plasma gasification process
(PGP)
UIGATGNESIYSAl:
Anaerobic digestion

Fermentation production

Mechanical biological treatment (MBT)
o MBT + Anaerobic digestion
o MBT to Refuse derived fuel
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[Types by Utilization]

Storage
Reservoir

e’ (=]
Reservoir 3

Generator

Waterway

[Types by Output]

Large Hydropower 100,000 KW or more
Medium Hydropower 10,000 — 100,000 kKW
Small Hydropower 1,000 — 10,000 kW
Mini Hydropower 100 — 1,000 kw
Micro Hydropower less than 100 KW
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2015 projection

2 B4

B Bioenergy
B Geothermal

Wind Hydropower 2020 2DS target




Other non-0ECD
QECD Asia Oceania
OECD Americas
OECD Europe
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* Peak Sun Hours
AREA WITHIN PEAK SUN HOURS
EQUALS TOTAL SOLAR IRRADIATION

SOLAR
IRRADIANCE
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Selected Asian Countries - Global Horizontal Solar Radiation
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Boron-doped (P-Lype) silicon layer ~ 0.3 :m

sillcon layer - 250 : m

Sun

. Phosphorous-doped (N-type)
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Quantity Si GaAs CdTe InP

Band gap (eV) .12 1.42 .
Cut-off wavelength (pum) .11 0.87 0.83 0.92
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Manufacturer Kyocera Sharp BP Uni-Solar Shell

Model KC-120-1 NE-Q5E2U 21508 US-64 ST40

Material Multicrystal Polycrystal Monocrystal Trple junction a-51 CIS-thin film

Number of cells n 36 72 12 42

Rated Power Ppe st 120 165 150 64 40
(W)

Voltage at max 169 346 34 16.5 16.6
power (V)

Current at rated 7.1 4.77 4.45 3.88 241
power (A)

Open-circuit voltage 21.5 431 428 238 233
Voc (V)

Short-circuit current 7.45 5.46 475 4.80 2.68
Isc (A)

Length (mm/in.) 1425/56.1  1575/62.05  1587/62.5 1366/53.78 1293/50.9

Width (mm/in.) 652/25.7 826/32.44 T90/31.1 T41/29.18 329/12.9

Depth (mm/in.) 52/2.0 46/1.81 50/1.97 31.8/1.25 54/2.1

Weight (kg/lb) 11.9/26.3 17/37.5 15.4/34 9.2/20.2 14.8/32.6

Module efficiency 12.9% 12.7% 12.0% 6.3% 0.47%




FILL FACTOR (FF)

Fill Factor (FF) nmn“‘l’titﬁliu ﬂjtn[‘[jjﬁjttﬂﬁ
ﬁﬁjﬂﬁﬂSMIﬂﬁJ"BMIﬂiUﬁjmﬁ

Fill Factor (FF) AN mmjﬁmthMn NHAUIW
SHHUANNING Voo 811 Iy

_ Power at the maximum power point Velg
Fill factor (FF) = =

Voc Isc  Voclsc

Fill factors ISNAMAN i Fajiantih o
ASEISAIYGIFS 70-75% 8§11 50-60% EU{H1U
mﬁnmnﬁj[ng amorphous-Si




1023

H

IR G {1



WwagIdnmwan

)

ZQWNIMHUJESLUQ H
Sitisalestatn

| Generator (optional
. v

oA
c
[4A] )]
i
2T
(=
I
<D
(_E)Z
L ()
=C
-

[a—

Distribution

l Batteries
el Bal Bl A Panel

L
Inverter/charger




wigmurdAvamem

gAMINNYWIS{UNSHANENS N Gajian
muisluamm
ac 0
dc = - y
Power Utility
Conditioning Grid
Unit
I r r
PVs ‘ H ac




111151181 (INVERTER)

(6) Grid

(1) Modules

(2) DC - AC
Inverter




#111111¢1 (INVERTER)

‘ﬁoS“I§1UﬁjFﬂﬁ[i’191nU[‘HﬁGiSiﬁﬂU[ﬁ RT3 PG 8 EiEN b
fn

i AAMAN N GANFMNBIsHsiaru s NN W
sy
GIR AN U ATEIR T
HANMAHSAN
G{HRINA
Total harmonic distortion '
nhﬁ%mmnmh mshmamm(ﬁaﬁﬂiﬁam i
M SASHANWHN IRITeo Ay, A gjHIG
LﬂimSnSn[LﬂﬁjU i) '
HEMNHAUIY |
§ SHruivaIHIN

M NARMIMUIE Mg g
Mt g ge)a
UMMEDNS



GURIAN{ARNSAjHAW

8UniﬂﬂLﬁﬁﬂSnJH“In[ﬁninHLMIUiS[SMI I3 §ii|ﬁ‘liflﬂﬁiﬁflljmﬁtﬁ

oa

ﬂ?ﬁﬁﬂnﬁS[%ﬂUﬁH‘lS“‘liﬁﬂni—ﬂntﬁ[ﬂjﬁjﬁj jﬁﬂjmﬁﬁﬂmm[mtﬁ
H‘Itﬁ“ﬂﬂﬁﬁﬁjmntﬁﬁtﬁff IGIHIW G SHIUUIANTMIMNAG: SUHIGIG

[i—ﬂ[ﬁ"ti‘lSF[ﬁ E’ﬂn

ﬁﬁsﬁ@ﬁﬁhfﬁsgimugimﬁmﬁfﬁ

Temperature
sensor probe
port

Solar Charge
Controller

- P
& o= @
s

%8 oy

T A vo

Remote
monitaring and
control port

Solar Panel

+ [
| [O—

Battery

DC Load



8Uﬁiﬂhmﬁiﬁﬁsﬁﬁsm NHAUIY
MAXIMUM POWER POINT TRACKER (MPPT)

o ﬂmgiﬁﬁj MPPT m[uﬁljg“lmtﬁnﬁSﬁﬂﬁnUimﬂ
mhnmnm H‘Ignj

operating point of IV curve determined by
intersection of load line and IV curve

4 +— 25
a8 Maximum
power pofnt
3 Resistive load with
optimum value of
z 9 Ricad = Rchar iNtersects 15 g
¥, solar cell IV curve at <
E maximum power ;
o gy &
1.5
1
0.5
0.5
0 0
i 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Voltage




aﬁﬁiﬂhmﬁiﬁﬁsﬁﬁsm NHAUIY
MAXIMUM POWER POINT TRACKER (MPPT)

MPPT ni*rm i PV L‘]rémusﬂésmsmmﬁﬁm

mtsﬂm uicruFIng ﬁj[nﬂS[LﬁLﬁﬂj nslinpuicn
USn[LULUﬂJ’

Constant power curve
for maximum power at
4.5 Constant power curve light Intensity 1
for maximum power at
4 light intensity 2 ,,.‘-ﬂ Optimum-resistive load
Jse at light
Intensity 1 38 Maximum power polnt
= : atlight infensity 1
;:; 25
Operating point (no MPPT,
Scatlight 2 forlight intensity 2
intensity 2
15
| Lj
Because of lnad line is not optimum for ligh
05 intensity 2, power output Is equivalent to the
’ maximum power at a lower light Intensity
0

0 0.1 0.2 0.3 04 0.5 0.6 07
Veltage



H1o

B{ATATHAW MBI NGANATNN (1) MIPmed
Sﬁ“‘liiﬁﬂjnﬁsmj““l 311'(2) tay]In) s fugm
mmmmgjﬁmmwuwmsmmm H‘IQnL]

H‘In[ﬁ‘H‘lSn?ﬂﬂjUﬂﬁE[ﬂ[mLﬁﬂS PV: AN
NIRRT n[ﬁ "“Iﬂ[ill’jmn G M & Siilﬁﬁn'“lﬂ

Umﬁﬁjﬁ[umLﬂfﬁﬁﬁﬂmmw
[’Lﬂnﬁmsmnhﬁjljij S11 capacity iﬁﬁjmnﬁijFﬂi
o iiwhuUugenge?
WHBMHLﬁﬂ[Su[ﬂﬂiﬁﬁUﬁjmnm UARSERRNY
ugn HL‘”‘I[SFﬂIﬁfInSﬁ“‘IHIﬁi ﬁjﬂﬂﬂ““lﬂ

HIMI M U SR AIRM NIU I E LW



GIfPUE AN U EHI AW

=
GIfA AN TY[RIVASHIALAS ﬁ"i*twi R
E N IuUisMiana 8t Saniplismi
3k
4010
= 250 .
gﬂﬂfl ==
EEED E
5 A |
£ 100 | o
§ 50) Cfﬂ_%qf( ' =
" 0 10 20 30 -1II.'I 20 &0 7O 80 90 100 110 120 130 140 130
Gravimetric Energy Density (Whrkg)




GIfPUE AN U EHI AW

Capacity U 8JH1 & L
Capacity iU fUH1 & A tij‘[pim SNt Amp-hours il Wh

Capacity 1U fHE b Mg Samtym i asn 84
Ny uisMian A AL

nipltsmargi

HIW A PUTU RS H B 1S 8 ﬁssfi’fsmmmgi
B meUﬁjmnw ShulpuE
HEnUisaannmn



H17 i au i
ﬁj]ﬁmijmntﬁ[u UHIGANATS MAW R ANHTm S Sm

ﬁjﬁﬁ“li“[p‘ﬁﬁgfﬁﬁ%
Oxidation: Pb - Pb*%(aq) + 2e-

takes place in sulfuric acid, so get another reaction:
Pb’* + SO, %+ - PbSO, (s)
Pb+ S0, = PbSO,(s) +2e- E?=0.356V
Reduction: PbO,(s) + 4H* + SO, % + 2e- > PbSO,(s) E? = 1.685V

Overall: dichargs

PbO ,+ Pb+2HS0, = 2PbS0,+ 2H,0
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Flow Metering Slots

Channel Entrance

Flow Channel Produces
Even Flow Through Tubes

2" Header Pipe
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1. frame

2. seal

3. transparent cover

4. frame - side - wall profile
5. thermal insulation

6. full-surface absorber

7. fluid channel

8. fixing slot

9. rearwall
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CONCENTRATING SOLAR POWER (CSP)
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SOLAR FURNACE




AN EXAMPLE OF APPLICATION OF SOLAR
FURNACE
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Active solar dryer Passive solar dryer

=t = e m——am ———y ==

Integral (Direct) type

Distributed (Indirect) type

Mixed mode type




SOLAR CABINET DRYER




SOLAR TUNNEL DRYER




SOLAR BOX AND CABINET DRYER
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BUTTERFLY OR PAPILLON COOKER




SOLAR BOX COOKER




SCHEFFLER COOKER
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CAMBULO Micro-Hydro Pm;rcr Project
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SETTELING BASSIN

o Settling Basin HOI{HIUAIAZNG SRGUNINUARA
BRSIHNWUNIGUIFIANUNAER (penstock)




HEADRACE

Headrace — M [ U {1 U167 N Setteling bassin
ISTHI G A 3xk EAbh I{MY (Head tank)




HEAD TANK (FOREBAY TANK)
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o NSNS Sensor

o (1) 1EiNsIGGSE
* Vm=0.25%X(V0.2 +2V0.6 + V0.8)
o (2)1ENRINIGSE
- Vm =0.50%( V0.2 + V0.8)
o (3)IHNAIYWGST
* Vm =V0.6
o (9 iENsIN]|SigEn
* Vm = 0.8XVs
o liirus
* Vm: [fy %HEJH
. Vs:tuj[8igéa
- V0.2: niuf|sisiniisl bo%w fig
- Vo.6: truy]Sisinit{pl bo% Al
- Vo.8: tuj[sisii{pl Go% Nl

Electromagnetic Current Meter
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Chart the cross-sectional Stop watch to measure
area at both ends. The time taken (t) by float to
average cross-sectional travel distance L

area is Amesn

Use sections or
count squares to
estimate the
cross-sectional
area

Average velocity (Vmean)
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Vm = CxVmean

C: (1) Concrete channel which cross section 1s uniform = 0.85
(2) Small stream where a riverbed is smooth = 0.65

(3) Shallow flow (about 0.5m) = 0.45

(4) Shallow and riverbed is not flat = 0.25

Concrete channel which cross section 1is
uniform v

/mean \V4 Vinean 7
j = \7 =
J /

— =

V, = 0.85xV V= 065XV,

m B mean

Small stream where a riverbed is smooth

Shallow flow (about 0.5m)

7
V mean

“?mean v
0.5m J / B

Shallow and riverbed 1s not flat

1K
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« L=10m -
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F Y Fy F 3 F F Y F 3 F 3 F h
h, . hd by had hs ho b hg h; 1"
1!'_-_-_.-.“ ¥ . ’ P h
hs 0.00
hs 0.45
ha 050
ha 057
hs 0.60
hs 062
hy 0.65 A=h,yarage x L = 0.44 x 10.00
hs 0.60 — 440 m?
he 0.50 :
hig 035
hi 0.00 . .
— 5 Measuring of Cross Sectional Area
Average | 4.84/11= 044 m
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Clear hose method

Head = H1+H2+H3+H4+H5+H6

H

33

Head
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Spirit level and plank method

Mark end of plank
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o Sighting meters method
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Impulse turbine:

The runner rotates by impulsive force of water jet with the velocity head,
which has been converted from the pressure head at the time of jetting
from the nozzle

m Pelton turbine

m Crossflow turbine*

] *Crossflow turbine has characteristics of
m Turgo-impulse

both impulse and reaction turbine

Reaction turbine:

The runner rotates by reactive force of water with the pressure head

m Francis turbine
m Propeller turbine (Kaplan, Bulb, Tubular, etc.)




wiaegids @)

o Pelton Turbine

m Water jet from the nozzles acts
on the buckets, and the runner is
rotated by the impulsive force

B Horizontal-shaft Pelton turbine
can be applied to micro/small
hydropower project

m Suitable for run-of-river project,
especially with high-head and less
head change

Applicable range
m Qutput: 100 — 5,000 kw
m Discharge: 0.2 -3 m3/s
m Head: 75 =400 m
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o Crossflow Turbine

m Arc shape runner blades are
welded on the both side of iron
plate discs

®m Simple structure, easy O&M, and
reasonable price

m Suitable for rural electrification
project using micro hydropower
plant

Applicable range
m Qutput: 50 - 1,000 kw
®m Discharge: 0.1 -10 m3/s
m Head: 5-100m
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o Francis Turbine

m Water flow brought from the
penstock flows into the runner
through casing and guide vane

®m Wide applicable range of head
and discharge

®m Horizontal-shaft Francis turbine
can be applied to micro/small
hydropower project

Applicable range
m Qutput: 200 - 5,000 kW
®m Discharge: 0.4 -20m3/s
m Head: 15-300m

Spiral casing




TURBINE TYPES (5)

o Tubular Turbine
2.1.4 Tubular turbine Timing Belt Generator

® One of propeller turbines tubular
casing

® Wide applicable range of head
and discharge

m Suitable for low-head sites

Guide Vane

(Wicket Gate) Propeller Runner

Applicable range
m Qutput: 50 - 5,000 kW
m Discharge: 1.5-40 m?/s
m Head: 3—18m
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1,000 -

Net Head (m)

100

10

100

1
Water Flow (m3/s)

0.01
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LEGEND

H-shatt Pelton
H-shatt Francis
Cross flow

S-type tubular
V-shaft tubular
Runner rotor type
V-shaft propeller
H-shaft propeller
Turgo impulse
Reverse pump
Submerged pump
V-shaft exposed type

Extent of dispersed type
mini-hydro plant
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GAMAMNALTEM

® by generator type
Synchronous generator
Induction generator
Features of each type are shown in the next Clause 1.2

® by nhumber of phase

Single-phase Simple structure and easy maintenance

High transmission efficiency due to small current with the
same capacity as single-phase machine (58% of 1-pahse)

Three-phase

m by shaft arrangement

Vertical-shaft Suitable for large-scale hydro

Not suitable for large-scale hydro due to limitation of shaft
deflection

Suitable for small-scale/micro hydro

Easy maintenance

Horizontal-shaft
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Items Structure Operation Parallel-in operation
Excitation system is Independent operation Need synchronizer
necessary is possible Less electro-
Complex structure Voltage, frequency, mechanical impact at

Synchronous (salient-pole and power factor parallel-in operation

generator machine) regulation is possible
Maintenance for
excitation system is
NEEFHE excitation Not suitable for Need no synchronizer
system (Excitation independent operation Inrush current at
current is supplied (only on-grid parallel-in operation

: from grid) operation)
Induction Simple structure and Vaoltage, frequency,
generator high maintainability and power factor

(squirrel-cage rotor)
High mechanical
strength

regulation is impossible

Only synchronous generator can be selected for independent operation.
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Brazil 391 11.7 | |peopies Rep. of crina| 168 | |fOPEN d'" total
<p. ina producers) ﬂmE.'SIEIC
Canada 364| 10.9 | |united states | 100 electricity
ation
United states | 298| 9.0 | |grazi 78 geneaon
Russian Federation| 176 53| |canada 75 | | Norway 95.7
Norway 127| 3.8 | |japan 27 | |Brazil 83.8
India 107 3.2 Russian Federation 47 Venezuela 728
Venezuela a0 2.7 India 37 Canada 60.3
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India 11.9
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2008 data
Rest of the world** 13.9
Sources: IEA,
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Mass flow rate:
(Mass passing through A

=m = pAv
Time ) :

p = Air density (kg/m?) = 1.225 kg/m? at 15°C and 1 atm

e

Power through area A = =09y _ 1 ([‘I_A*ass) vC=1pA0°
ime

Time 2

P, is power in the wind (watts)

Power density (specific power) = power per square meter
(Watts/m?)
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Figure 6.5 Power in the wind, per square meter of cross section, at 15°C and 1 atm.
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HISMAtHSAYSISHARSIRG N

ES‘Iﬁjnﬂﬂ“m 15°C 81 8UHI 1 atmosphere
BJHJH“ISQHS 1.225 kg/m?

P = 1.225 KTKA

TABLE 6.1 Density of Dry Air at a Pressure of 1 TABLE 6.2 Air Pressure at 15°C as a Function
Atmosphere” of Altitude
Temperature  Temperature  Density  Density Ratio Altitude Altitude Pressure Pressure Ratio
("C) {"F) (kg/m?) (Kr) (meters) (feet) {atm) (Ka)
—15 5.0 1.368 .12 0 0 1 I
—10 14.0 1.342 1.10 200 656 0.977 0.977
-5 23.0 1.317 1.07 400 1312 0.954 0.954
0 32.0 1.293 1.05 6u0 1968 0.931 0.931
5 41.0 1.260 1.04 800 2625 0.910 0.910
10 50.0 1.247 1.02 1000 3281 0.888 0.888
15 59.0 1.225 1.00 1200 3937 0.3638 0.5608
20 63.0 1.204 0.98 1400 4593 0.847 (.847
25 77.0 1.184 (.97 1600 5240 0.827 0.827
30 26.0 1.165 (.95 1800 5905 0.808 0.808
35 95.0 l.146 0.94 2000 6562 0.789 0.789
40 104.0 1.127 0.92 2200 1218 0.771 0.771

“The density ratio Ky is the ratio of density at T 10 the density
at the standard (boldfaced) 15°C.
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Friction Coetficient

Terrain Characteristics o

Smooth hard ground, calm water 0.10
Tall grass on level ground 0.15
High crops. hedges and shrubs 0.20
Wooded countryside, many trees 0.25
Small town with trees and shrubs 0.30

Large city with tall buildings 0.40
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Assume that rotor blades has 45% efficiency and gearbox and
generator has 2/3 efficiency

Average
power in the

wind (W/m?)

PH-‘:

100%

3
LpAv

Power extracted
from the wind

(W/m?), depending

turbine blade

(rotor) efficiency

P, = 1pAv’
45%

.C,

Electrical power
output (W/m?),
depending on the
gearbox and
generator efficiency

Overall efficiency
= 30%!!



GNU BETZ

* Maximum theoretical efficiency S
of a rotor is 59.3%.
* Sometimes called ‘Betz efficiency’ o

* How close are modern wind
turbine to this Betz limit?

— Around 80% of the limit, 45-50%
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Rated wind speed,

Rated power start to shed some | |

* p / of wind power. V% Sh@ddmg the wind
o
= .
=< Furling or
D cut out
O windspeed
= Rated P
S Cut in windspeed windspeed
@
] /
[
a
V Vi Ve

Need to overcome friction
in the drive train and some
electrical losses

Windspeed (m/s) —

Machine must be shut
down. Above this speed,
output power is zero.
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