ODA-UNESCO Project:

“Promotion of Energy Science Education for
Sustainable Development in Lao PDR”
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1.1 Hiagee9 U 290

NV;
http://www.wordservicesgroup.com/
countries.asp?c=la&country=laos

5
e

o eﬂé‘mc%ﬁweaﬂaﬁ% E208‘mﬂ0§81J2;°U
. (Hofitiomo 236,800 km? Sudufi 84 289tan
230,800 km?

i
. (Uof
fv 6,000 km?

AU
e (UL

" YqUIVYE29NOV

6,477,211 6L (NAENO, 2011) SVGUHN 104 299tan
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1.3 naulswsdggautaaaly sUd a9

Total electricity consumption in Lao PDR

3000
2500
2000
1500
1000

500

Electricity consumption (GWh)
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Year

Source: EDL (Electricite du Laos)
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Total electricity consumption in Lao PDR by main sectors
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1.3 naulgueSggautalaalu aUd a9

* UEODUNIADIIJITU
274.96 GWh/Year
* (2092]97U i
58.04 GWh/Year l ' e
. (2090900

50.30 GWh/Year , °

vvvvvvvvvv

¢ £229FLMIVVE(20) .
228.83 GWh/Year 2
. £22999U9FN

31.17 GWh/Year °

Source: EDL, 2010 naulgwedggautuwalugyieogosamena
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s nauEESoNs L twwa tUUSEUUNIURES 99U L Wl IN KR
WeS999U099 ) Nbnausy

» neestudnesdnoeSosan@etutuae (generator) YougalgfaSggau
NEeITNa09USsU S9dieginaoausauiastoSuweS9gauua9an
nauEataSety md UsBRsualommay (nuclear fission). uenaantcao
@estutadadyganannagauto touealsRaSggauaannautnagegie
02 .

» neeidwadiganaogsSotomuedggauaggnacSy (solar cell) w3

W RINIODIISSUIMLLOU.




1.4 nucsSansaataala

Stack
Coal supply 1 Electricity

Containment structure

ﬁ’glﬁtkfp 0>

Conveyor

-

S e
P>

| |
Steamtubine  § § §

_ Generalor

&S
Pulveriser/Mill | 2, b

R

Substation/
fransformer

M-

Ashsystems  Water purification | |

Ysotaaanauiv Ysqtaandomas

13



1.4 naucsSansatalaa

| & -

'} Lo f‘y_‘;

(;"g_ — W
Penstock ! pri L

enstoc I 2) 2

)A - —

¢ q . :

‘) z
4

Transmission |
Lines

Turbine

High
Reservoir

E— Y
1
}~:>

Low
Reservoir

YsatalanwsSggaue YsataunweSaaudy
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Turbine

Generator

1S9 w9990 EF909 (DU 189 LW R999Ua U SOUIMLLOU

15



1.5 YIs9talala gay nauaugsao

= IsgtawaduisggueoswenagadueESong u L

»  gouRsasuiisosestsgtudacuu@esuta §'3L§1isagﬁw‘cw%ﬁaﬁﬂzcﬁdl]w

2

wed99auivinloduweSggautaue

= Isgtuwagoulnelutanas i@ tuwog8a (Eu: NaVd, V90U Koy
ENINIVE290 (WotieR0Ne I Lwwa. Ua9gouaE lowed9uioae,

WERINIWV, WERIPIUEIIONDU, WENIIIUSI8UOU €Y WeRI)IWIL.



1.5 Ys9talala gay naucuss@o

QO S909L9RNIURIgIL F9090E09TS Tt 0Iu 3 U wos:

> Tsg‘cwzﬁﬂﬁcﬂaﬁiﬁo‘cwzﬁqmumawﬁegmmﬁwmw (base load plant)

> YsgtaaafiteS owsSg9autudasosfionoaunsgnauls tuaadaunag
(intermediate plant)

> Tsg\twﬁﬂzﬁmﬁowsﬁiﬁggw‘cwzﬁﬂéagﬁﬁamuﬁegmn?é‘twwyﬂaggqm (peaking

plant)



1.5 ng‘(ulzﬁﬂ U mncczinga (O

Q ﬁﬂé’gmu§uquzegmudy@uwa%ggw% 1 YU iuweSggautua aegau906u9
Jrwoesgtstuaatoags:
> YsotawawsSggaunoauseu (nauiiv, Doy, snanauegan, Somas, Soruow,
Ys9tawawsSgnoaussusol)

> IsgtauaweS99aune

> IsytuuweS999usiea
> IsgtaunweS99aung9nacSy

> IsytauweS999usu

YsotuwawsSggausdy 18



1.5 YIs9talala gay nauaugsao

= 0TS tuwawed999U0090S91, Wea99UNUINILTNIELR0IINEID9IN
029089V (heat engine) 29(0993NODIUSOUIE LOSUNDIUSOUIINMNNIL

(BatowSo .

= IsotuaaweSggaunoauseugoulngarlseaunadugauiagan 59tse

twwa guuDON9=[N U9 TS dwawzR999u99Ua (steam power

plant).

» gouisytwwawERygwD, Nad99auin g lunaunuEiegdutuazuaamn

NIV L2991,



1.5 YIs9talala gay nauaugsao

YsotaaaweS99aunaauseudsgauaotuglsonauise tahls togh:
«  Isotwueils Sl uues8s

= Ysotuuadomay

«  IsotwaeiloweSggaunoaussuamniudy

«  IsotudeinlsidetwSoruou

IS UWawER999U0 2 USOUIIM KIS
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1.5 ¥s9talala car naucugsmo

1 H GAS TURBINE COMBINED CYCLE CLeCTmEN, SMSIATN . -
S|mple cy°|e Gas Turbme Power Plant System Schematic r 3
Processed f—;‘mwj ai"ﬁﬁ é g
Fuel 1 s
- COMBUSTOR
COMPRESSOR -
Electrici
ny iV
GENERATOR TURBINE ‘
Air Exhaust e I

COMOINIATC
o)
PROCESS STEAM

YsotauaRgfiuens

189 tduaue SN0 USoUSL




1.5 Ys9talala xay naucugls@o

v JutmagueSotudagtonn g sau90
?53%6153%50@331561 1,200 MW

v Boufunauesdotadacessutofiuisy
tuan oy S

v ({Jutsytauaiigeenn, unlnfoluazio

Q S5

> c‘ﬁuﬁgﬁmcgef}éw@g

> %ﬂcﬁnﬁsgﬂJuTagéﬂgﬁnnﬂn ERE NI
i‘ﬁoznamqnmmnen?zﬁﬁaaﬂuzﬂsu

> cdunegdionzua kar Njuwsunjoiiy

NIVIONIWF NI VLWV

> NauyouSU299Ur2931 23

Ysotuwaliomas



1.6 Ys9gtalalamaasiuly sud a9

Ys9tawannesSgdudegurSons ustuaalu sUU a9o HydoduisgtudawsSggaua

Power plants Location Inst. Capacity (MW) COD*
(Province)

Nam Theun 2 Khammuane 1,088 2009
Nam Ngum 2 Vientiane 615 2010
Theun Hin Boun Khammuane 220 1998
Nam Ngum 1 Vientiane 155 1971
Houay Ho Attapeu 152 1999
Nam Lik 1/2 Vientiane 100 2010
Xe Set 2 Saravane 76 2009
Nam Leuk Vientiane 60 2000
Xe Set 1 Saravane 45 1991
Nam Mang 3 Vientiane 40 2005
*COD = Commercial Operation Date 24

Source: EDL
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1.6 Is9talalanaasiuly avd a9

= Isgtudanaufivesoao 1,878 MW 3316159%3?1)gnmsnmwﬁéﬂgzﬁaﬁajﬁgm,
(2091 208YR

URIR99299t st wdanauFiufioge 693951)@3 250 m

26
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2.1 Jogzwl

22 nauKuIswossSe
23 Sotuuesda

2.4 Qaudiu

25 naudmasnauiiu

26 09909USOU
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2.1 Doz

: cae‘cw(fuel) RISISE a%agwamommm‘cw (UBNag9) ﬁuéan§

o

(AU (291190) caao"lmamu591J9931m°311u39mnm§)3 Dinaenatdle

Jetmeoto.

(29 (UA099UsNUOIYIIWNTILING0 LW L0908l L6 (SU:

n9u9U (carbon), tstoscau (hydrogen) gae Ua0 (sulphur) (Huhu.

= Tuzsvounauidiato, welymwwlnsednlugetuszdjugudy

WERIIIUOIIUSSU.



2.2 nNMEURE0299So )

Je Wwo299(29 LWFIU0 KU LD

o . ™1
! A
K

(a) S9nauFEnWENULNO

» 299129 (BU: T (o nudiy Hudu. Gasolne

= 299umao (Bu: DaluBoty war efiausans (ethyl ' Kérosane!
alcohol) (Ju@iw. CRUDE [Eml fuel

s gng (BU: CNINIWESI0 (ar LNFIES0 (producer gas) g":f:;'fo:‘?l m

(Juhu.
(b) 890U LMRIAL
: ﬁgs‘th}’musam (natural fuels 12 primary fuels) E§|1J: Il]ﬂlJ
0w, ﬁﬂﬁummsaqju taz YU Jubu.
L c%aiwcﬂaé’)o (manufactured fuels & secondary fuels) ¢ §

mumaeoag (gasoline) e mau‘tu (charcoal) (Judiv.
29



2.3 (Sotuuoasa

(2otdog2a dugIudeNaUINWIN IS LOSHIUSU
(hydrocarbon) (fioaangandio, 2MNF0ANATU NN
fufiud dutanduoamalusesaand  waslo

00U KAT QUMEYLRY FDUTIUT9enS (.

Soluwessangadulown nIufiu tas Jlosaju

PETROLEUM & NATURAL GAS FORMATION

OCEAN OCEAN
300-400 million years ago 50-100 million years ago

—— % Sand & Silt

*" Plant & Animal Remains Oil & Gas Deposits

Tiny sea plants and animals died
and were buried on the ocean floor. were buried deeper and deeper. of sand, silt, and rock to reach

Over time, they were covered by The enormous heat and pressure the rock formations that contain
layers of silt and sand. turned them into oil and gas. oil and gas deposits.

Over millions of years, the remains  Today, we drill down through layers _ &




& o
2.3 (29 tululoa2a

Venezuela 296.5 47.14
Saudi Arabia 265.4 42.2
Canada 175 27.8
JeSuaunaiu Iran 151.2 24.04
9159928909 Iraq 143.1 22.75
B, 2022 United Arab Emirates 136.7 21.73
Kuwait 101.5 16.14
ﬁ(t)tlllor:,c/,e/:en.wiki Russia 74.2 11.8
pedia.ore /wik Kazakhstan 49 7.8
i/Oil reserves Libya 47 7.5
Nigeria 37 5.9
USA 26.8 7.0
Qatar 2541 4.04

Remark:
bbl = barrel of oil ~ €hina 20.35 3.235 "


http://en.wikipedia.org/wiki/Oil_reserves
http://en.wikipedia.org/wiki/Oil_reserves
http://en.wikipedia.org/wiki/Oil_reserves

5 3
2.3 Cga\(mmeaaa (millions cu m)

Russia 44,650,000
Iran 26,850,000
Qatar 25,630,000
Saudi Arabia 7,167,000
United Arab Emirates 6,071,000
USA 5,977,000
Nigeria 5,210,000
JeS UV ENINILE290 Venezuela 4,708,000
9599 luua9Ue o Algeria 4,502,000
(1]Jan 2008 est.) Iraq 3,170,000
Kazakhstan 2,832,000
Source: Turkmenistan 2,832,000
http://en.wikipedia.or Indonesia 2 659,000
g/wiki/Natural gas by :
véounti‘y e y European Union 2,476,000
Malaysia 2,350,000

China 2,265,000 =


http://en.wikipedia.org/wiki/Natural_gas_by_country
http://en.wikipedia.org/wiki/Natural_gas_by_country
http://en.wikipedia.org/wiki/Natural_gas_by_country

2.4 QU

NOUNUFOIMNTOONOTU IO S8 9UTNOL

P d

(Uodiolinael) Neiniufuluiivedu n Judu

thetionaudjuadanagnazl wae UMz, 800U €Ay IsWIVN LT
gNBomAVaEnag Junauiiu m18 Nt (lignite)

naudjuedgnagnasinane 9 &9 Solonawdiu 118 Sntu nagdunauiivild
UUEWIVFI2U.

HOW COAL WAS FORMED

SWAMP WATER
300 million years ago 100 million years ago

e oy

Rocks & Dirt

Before the dinosaurs, many Over millions of years, the plants Heat and pressure turned

giant plants died in swamps. were buried under water and dirt. the dead plants into coal. 33



HUGE FORESTS GREW AROUND
300 MILLION YEARS AGO
COVERING MOST OF THE EARTH

2.4 QU

THE VEGETATION DIES AND
FORMS PEAT

THE PEAT IS COMPRESED BETWEEN
SEDIMENT LAYERS TO FORM LIGNITE

FURTHER COMPRESSION
FORMS BITUMINOUS AND
SUBITTUMINOUS COAL

EVENTUALLY ANTHRACITE FORMS

34



2.4 QU

: Udiu FI0KUIEO 089!
> W0 (Peat)
> Ity (Lignite)
> Suiylbi= (Subbituminous)
> Dybi= (Bituminous)
> gaunsaty (Anthracite)

JINdunw i iBueeinuauiiiiingy

Lignite Subbituminous Bituminous Anthracite
35



2.4 QU

JrSuaudasagnauiiuluuagdz o, 2008 (aautou)

(T S S N N N

108,501 98,618 30,176 237,295  22.6
Russia 49,088 97,472 10,450 157,010 14.4
China 62,200 33,700 18,600 114,500 12.6
Australia 37,100 2,100 37,200 76,400 8.9
India 56,100 0 4,500 60,600 7.0
Germany 99 0 40,600 40,699 4.7
Ukraine 15,351 16,577 1,945 33,873 3.9

Remark: Source:

1 = Anthracite & Bituminous http://en.wikipedia.org/
2 = Subbituminous wiki/Coal

3 = Lignite

4 = Total

5 = Percentage of world total


http://en.wikipedia.org/wiki/Coal
http://en.wikipedia.org/wiki/Coal

2.5 N O LT WM

Q

naudcaaznautiuiy 2 3

= NaUSeaeEUY proximate (proximate analysis) idunaudaaznaaausuagn (fixed
carbon, FC) gauaz iy (volatile matter, VM) 09051 (moisture, M) g8z 2649
(ash, A). gauwu90 (sulphur, S) [E LuNAIYVN

FC+VM + M + A =100% by mass

L muacmugwu ultimate (ultimate analysis) ci’mmwagmum&awuuﬂauLcmauim
mefiwr,aa\iw 29t oun aausu (carbon, C) ‘csiosmw (hydrogen, H) 99NS (AU
(oxygen, 0) tutmstaw (nitrogen, N) 80908u wa S,

C+H+O+N+S+M+A=100% by mass

2 Gﬂaum)uauacmuioeuwmaumaaﬂwau JiSE TR uauzegmnmm‘ﬁfmm
N9V 9E099V0DHUIUL2990IUSY € UIU2992 (19

1 - [(M + A)/100]



2.6 90290 S9U

= 99009089V (heating value) 9819 JeRUIUODIUSOUN [OIIMNNIVEI0 Lanelag
Suyvzegizetuludeduanlois

«  aaeovwssuinesisSownnlufionosceguwrSggaudfonouuovgeyiSe
(Bu: kilkg, ki/kmol, kcal/kg Judw.

. aanovusausegsetugauaomatolounauls Bomb calorimeter Soanause
Eﬁas]agaegﬁwﬁmﬁ%nan ‘cUcEﬁﬂ‘cU;I]j'ﬁuéené‘cwﬁz‘3§iodﬂgﬁugu%wﬂawazﬁ80
59, wﬂaswﬁgﬁﬂa%éu%ﬁnﬁﬂzﬁ%uaiJ, (DenaudiuBonau@atuw ey
WrS999uUn0aUSaULenNUg, noauseuaEinnasm lnFiune z%o?zﬁfjﬂﬁgwmswu

U

(DFI2V.



1 2,
2.0 89909089
=  Bomb calorimeter U%ﬂ@USDEJUJ‘]ZSﬁiJSﬁ 53§U.

= (JonaudivNonau 9 tasd0UsgweS999Un 29USOUISNUY, Wed99 U

aoauseulstinnIwmlniivlaiidesusey Ealngunsynzegiaiiug2y

‘EosJcgﬂmuﬂoéﬂuanmwsﬁmnamu5811‘(mmequmazguzagﬁﬂzﬁUJUu;Ug.

oxygen supply L thermometer
ignition E
i wires 3
stirrer—f1 —— = .
| m_magmfgmg
eyepiece
insulating——
jacket
air space
bucket
heater crucible
water

Bomb calorimeter

ighition coil sample steel bomb
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m@musanﬁg 2 LUV

0 av0090s2u89 (higher heating value, HHV) twaeitfl9 aaaoausouiitonnay
i taiZetuuantonaluguzegla (299601R9)

O a9a09us2u0n (lower heating value) 098 (99 O9029USDUN LOFIMNNIVEIN LY
(2o tuEaotona luguzegeasA.
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2.6 191091 S91

éﬂamuésu%ig (2T 09909USoU0 SooauSatiufush:
LHV = HHV — m,hy,

(Jo m, sunuoUZs99aetIfiaL e

m, =M +9H + y,w,

(0o M 4y H tUu §050UT08U0U299009U8U €ar [STosau tunaudiv, y,
CUUODIWSURNWIr29999N90 IUTVLINI0 €y W, EUVJEIUIUDIMI0NLNTIN LS

Tunau@atonaudiv 1 kg
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LuNeTN §“3Um80283mumm mamusanagaagusnmsq‘ta oz Dyl
200UV T0IM02890299 kaw (T8 O9U:

HHV = 33.83 C + 144.45 [H— (O/8)] + 9.38 S in MJ/kg
(Jo C, H, O kar S suudosoulosvovgegnausy, 1sT0SU (ar UI0 09U95U

BoglagiBu: C=70%, H=5%, O =11%, S = 1%, N = 1% wa¢ ash = 12%
NPN2999099 kA (U6 FIU10UsDWAINIWSOUFILOHIL:

HHV = (33.83)(0.7) + (144.45)[0.05 — (0.11/8)] + (9.38)(0.01)
HHV = 25.76 MJ/kg



2.6 901990891

0I00IUSOUFI29922 LWU19gEii0

Types of fuels HHV (MJ/kg)

Wood
Brown coal
Bituminous
Gasoline
Kerosene
Diesel

Fuel oil

Ethyl alcohol

18

21

29
46.5
46.4
45.7
42.9
27.2

43
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28U UNIU LG Loucdu2suauNIunagal tos2etwasHoUsdNauiuoons (a1
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Do 3. Isytaaanadgeasna

31 goudensumsSnzeyglsytuuanaSgeasna g
3.2 sgu:gmcsgé’my

3.3 (©199N9( 09989

3.4 fgfiusaen

35 9UOUS (et NATUIWNDIUSSL



3.1 soudensumingegisgtaaanady aaanacuugae

<

1
Combustion gases
to stack =
l s
Turbine &

K
1
1
______ i
| : 1
'| Boiler | -
| ! 1
I : |
Fuel —+—& i | :
| ! H '
Air —i—t> | ) |
I ! : 1
: |
|
I I
|

[ S .L.. - ..'
B | , ) s Fmpemny
: | L Pump ? Cooled water "
: | Feedwater pump Makeup water

e - ——————— ——
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3.2 S9UIJUESIE

|
|
|
Boiler |

QOUt

Cooling water

seuoymsgé’mcwugw

— Condenser

47



3.2 S9UIJUESIE

d Pump: Woump = Dy —h3
d Turbine: W,,pine = N1 — h5
J Boiler: Apoiler = hl - h4 P O out
H<+—— Cooling water
d Condenser:  g.ngenser = N> — 3 — Condenser

[ Thermal efficiency:
n th — Wnet/ qinput = (Wturbine " Wpump)/ qboi/er

= (qboi/er - qcondenser)/ CIboi/er

48



3.2 S9UIJUESIE

| Reheat section

|
3= — LLow-pressure
: ~=a = | lurr)vi I{)e' !
AN B
Qin Wt (2
- —_— S9UIJUESI VKUY
. Tmeoausou29qels
High- i =
pressure 4 QJE Sj\ﬁ ?JJ?JJ‘]ZJ’I?)?\)“)
| turbine Y
LSlcum
generator
Q()lll
Condenser
? /) Pump
W, = . -
S9UQJUKSIEV KUY ID0IWSDUS
« Tomgaugofigonoa |
" JeR0fiwInnaInoIuseugINoa 49



3.3 WOV

= gl9aga (boiler) suugUrnsuilzg duaEdneruia tovealanoausouIm

naucia LS9 tanas i lnfune wWoSo lomnanae iduoae

*  louhotlduanaaoa wevula s lggatuugUsnevilggalvezdosunaly

20900900U09H9n0wdUYILNY (1 - 300 psi) NaoudugINoIlIna=Buo:

99Nacooaena (steam generator)




o o
3.3 WOag)19

WYV U999 U 2 Ur Woe:
Q weagvaguun tl (fire tube boiler)
O wgasvaguunDa (water tube boiler)

Chimney

Safety valve

R

"

. Firebox

Drain Feedwater

Cylinder

Cylinder

Brickwork

51
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3.4 Ngtiugasna

= N9FusagUa (steam turbine) Lé'ji@wnenmaéﬂﬁuz{]wwsﬁgﬂwaaﬂuseimsm

29919 L JVwe9aunVIN



//upload.wikimedia.org/wikipedia/commons/7/79/Dampfturbine_Montage01.jpg

3.5 A9V IOV(E EAENATUIOINSOU

= a9uouig (condenser) Juguenevitggadu o luwalugsnavseaenuio

(Ju299unRD
To ejectar
VWater outlet Stefm YECLILM System
Flanges
—
H |
S .
N —
H |
S —— |
II-—:l-. |
3 | |
Il-—:l-. |
I.-'—}
K |
| ) Hotwell ' I-I_L‘t 1
.1-.
Flanged & Tyheshest H Tubesheet

COVEr
plate

Wister inlet Condensate

53
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3.5 19OV (2 ERNESYVQEUIO0INDS9V

= DazuIeadauseu (cooling tower) tuu9UrnouiilggtvaruInOILSO

29nIIMNVINR U (cooling water) 295UNDIUSOUUIFIMNODUVLOVLE LOY

aoausaudINIvlastinnaumeengiveana

54
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YsotaaanaSoagauao kU ot o89h:

(a) [;EZ,IlﬂUaﬁLZUOC’]QU&]OﬂU@f)?Sf]a%ﬁUﬁﬂ (head)
. Ts9tawan head 29 (@33’156}100 m)

. Ystaaafil head Yaunasg (30 — 100 m)

. Ys9taaaiil head G (<30 m)
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(b) sugmaLwaaE (load) 299t s9taue
= Ys9twaacuy base load

uarsaSunariibooaunegnauls tudascsiags wd (895) war Ghioy
= Ys9tuwanuy peak load
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" LYY run-of-river

" [LUYU pumped-storage
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> Ys9talwacuy pumped-storage
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Daytime: Water flows downhill through ~ Nightime: Water pumped uphill to
turhines, producing electricity resenvoir for tamorrow's use
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turbine-pump 250 head g9¢%19 300 m.
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