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ABSTRACT KEYWORDS
Mini and micro hydro are environmental friendly power generation tech- Hydro-electric power plant;
nology for remote micro grid system. Not much work on real feasibility of Renewable energy;
these types on remote micro grid has yet been reported in Bangladesh. Microgrid;
This paper discusses the technical issues on conducting the feasibility Global temperaturerise;
study to determine the mini and micro hydro potential in Bangladesh, Climate change.

especially in Chittagong region. This paper also presents the data ob-
tained through field study to give concrete proposal for installing such
power plants, which can form a stand-alone micro-grid to ease the elec-
tricity crisisin the country. © 2012 TradeSciencelnc. - INDIA

INTRODUCTION Thegenerd definitions of varioushydro power plants
aregivenin TABLE 1%,
Today, likewholeworld, Bangladesh isalso con- TABLE 1: Typesof hydropower plants

cerned about climate change and energy security. The

government of Bangladeshisplacing considerableim-  Pice-Hyaro 100W-1kW

portance on renewable energy technology for reduc- ~ Micro-Hydro 1kW-10kW

ing energy related environmental problemaswell as ~ Mini-Hydro 10kW-100kW

enhance the energy security of the country. In Sma'_ I-Hydro 1000kW-10MW

Bangladesh, thereisasignificant potential of renew- ~ Medium-Hydro 10MW-100MW
Large-Hydro Above 100MW

ableenergy likesolar, biomass, wind al over the coun-
try. But, dueto country’s topography, there are enor- Although the scope of hydropower generationis
mous potential of mini and micro hydro power poten-  very limitedin plain lands of Bangladesh, but hilly re-
tial at Chittagong region. At present, utilizationrateof  gioninthenortheast and southeast partsof the country
hydro power potential isvery small in Bangladesh.  seemto be promising. Therearemany candls, tributar-
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iesof mainriver Karnafuli, Shangu, Matamuhuri aswell
astiny waterfalshaving potentia sfor setting up mini/
micro hydropower unitin Chittagong Hill Tractsregion.

Harness ng micro-hydro and mini-hydro resources
and setting up decentralized small-scal ewater power
or micro-hydro schemesare particularly attractive op-
tioninterrain areaswithout hampering ecosystem. Al-
though several scattered studieswere carried out on
the potential sitesin Chittagong region by different
people, concrete worksto explore site-wise potential
oninstallation of mini/micro hydro power plant based
microgridisneeded. Potentid of pumped hydro scheme
for Kapti hydro-electric power plant can also be ex-
plored. Oneof such works conducted by the research-
ersof Chittagong University of Engineering & Technol-
ogy (CUET) ispresented in the paper asacase study.

STRATEGIC IMPORTANCE OFHYDRO
POWER PLANTS

Hydropower accountsfor about 20% of thetotal
power generationintheworld. Only 34% of potential
capacity has been developed?. The continent wise
breakdown of hydropower isgiveninFigure 1.

O Europe:72%

B Asia:23%

0 Africa:8%

0O South
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—

Figurel: Hydropower sharein different continent

More than 60% of hydropower of theworld has
been devel oped in devel oped countries. Country wise
developed hydropower shareisgiven below.

USA: 82%

Japan: 84%

Canada: 65%

Germany: 73%

France, Norway, Switzerland >80%

Bangladesh: 2.5%
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Bangladeshisoneof the poorest and most densaly
populated countriesintheworld. Although dectricity is
akey ingredient for the soci o-economic devel opment
of the country, only around 40% of the popul ation (30%
in urban areas and 10% in rura areas) has accessto
electricity, and per capitacommercial energy consump-
tionisamongthelowest intheworld®.

Bangladesh hassmall reserves of natural gas, oil
and coal. Natural gasand coal areused for mainlyin
power generation. Sincethisreservesare evacuate af -
ter next few years, power generation will then bein
most critical position. Theneed for electrification of
entireBangladeshisextremely vital sinceall industrial
and other economicactivitiesrely heavily on eectricity
or other means of power. Bangladesh hasalarge un-
sati sfied demand for energy, whichisgrowing by 10%
annualy. Thecountry hasaninstalled capacity of 5,275
megawetts, however, only maximum 4,500 megawetts
are considered “available” at any given time. To re-
spond to the growing demand for energy, the govern-
ment of Bangladesh has, since 1996, permitted theen-
try of private-sector and independent power produc-
ersinto the Bangladeshi market. However, both supply
and demand sided management isrequired to bring
about renewabl eenergy solutionsand achievethe sus-
tainabledevel opment that issought for in Bangladesh.

Therural areas of Bangladesh, where 76% of the
population live, are serioudly depriveof dectricity. A
major portion of the un-electrified population will not
beableto get dectricity in theforeseeabl efuturedueto
severa contents constraints, including low consumer
densty andinaccessibility. Bangladesh haslack of power
aswell as system efficiency, though demand increase
but power generation would not be able to run with
demand linearly. There are many areasin the country
whereédectricity will not reach inthe next 30 years®.
Expertsisworrying that therate of current electrifica-
tion will take decadesto provide accessto electricity
todl peopleinthe country, dthough Government has
thevisionto dectrify thewhole country within theyear
2020. Installation of any large hydropower plants may
lead to bitter political conflict againintheHill Tracts
region. Oneof the possiblesolutionsof eectricity criss
at remotehilly regionin Chittagongistheingtalation of
micro and mini hydro power plantsbased micro grid.

A recent USAID study’s findings and assessments
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about impact of the rural electrification programin
Bangladesh arethefollowing®.

e 93.7% of the electrified households reported de-
creaseinfue cost.

78.2% reported anincrease on working hours.
62.0 % reported an increasein household income
81% reported anincreasein reading habits

93.7% reported anincreasein children’s study time.
92.0% reported an increasein amusement aswell
asstandard of living.

e 94.7% reported animprovement in security.

Greenhouse GasEmissonisserioudy affection sea
level risein Bangladesh. Even avery cautious projec-
tion of 10 cm sealeve rise, whichwould most likely
happen well before 2030, wouldinundate 2500 sg. km,
about 2% of thetotal land area. Patuakhali, Khulna
and Barisa regionsaremost at risk fromsealeve rise.
Onaverage, theseawould movein about 10km, butin
the Khulnaregion, theseawill likely movein furthert™.
Withthehighend estimates, sealevd risein Bangladesh
would inundate 18% of the country by 2100, So,
Bangladesh should encourage clean RETsto combat
greenhouse gasemissionsto avert thepotentia threats.

Clean energy servicesisessentia for sustainable
development and poverty eradication, providesmg or
benefitsintheareasof hedth, literacy and equity. The
various prospectsof micro and mini hydro power gen-
erationare:

Power would supply into theremote areas.

Low generating cost and better plant efficiency.

Reduce themaintenance cost.

Power for afamily or agroup of family.

Providesoption for decentralization of rural ectri-

fication.

Makeefficient useof local energy resource.

¢ Reducethedependenceon natura gas, codl, oil.

e Providemuch cleaner and sustainabl e energy that
they would not pollute environment.

o Rdaiveysamdlinvesmentsarenesdedthat arewithin
thereach of |low-income communities.

MICROAND MINI HYDRO POTENTIALS
INCHITTAGONG

Severa attempts have been made in the past to
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find out the potentia of micro and mini hydro power
generationin Greater Chittagong Region. To explore
the possibility of hydropower from small hilly rivers/
streamsin the country, aworking committee was con-
dituted on February 1981 with officersfrom Bangladesh
Water Devel opment Board (BWDB) and Bangladesh
Power Development Board (BPDB). A study wasa so
conducted by agroup of Chineseexpertsand by LGED
in 2002-2003°. Someof the previous studiesare com-
plied and showninFigure2 onthe potentia of mini and
micro hydro power. Frst fivelocationsarein Chittagong
and othersarein Chittagong Hill Tractsregions. The
average potential isaround 30 kW which encourages
exploring more potentia Stesin Chittagong.
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Figure 2 : Mini and micro hydropower potential (kW) in
greater Chittagong

A CASESTUDY

To find out the hydro power potential, asacase
study in a new area name Godown areais chosen.
Godown areaisabout 6 km from CUET, and 22 km
from Chittagong city. Thelatitudeof thisplaceis22°27'
N and thelongitudeis92°02' E. The data were taken
under the Godown Bridge of theriver. It’s a branch of
river Karnafully, whichiscalled ISAMATI by thelo-
cal people.

Basicsof hydro power

Hydropower isenergy from water sourcessuch as
theocean, riversand waterfalls. “Mini-hydro” means
which can gpply to sitesranging from atiny schemeto

electrify asinglehome, to afew hundred kilowattsfor
slingintotheNationd Grid.
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(A) Head and flow

Hydraulic power can be captured wherever aflow
of water fallsfromahigher level toalower level. The
verticd fal of thewater, known asthe‘head”, is essen-
tial for hydropower generation; fast-flowing water on
itsown does not contain sufficient energy for useful
power production except on avery largescale, such as
offshore marine currents. Hencetwo quantitiesarere-
quired: aFlow Rate of water Q, and aHead H, those
are shown in Figure 3. It is generally better to have
more head than moreflow, sincethiskeepsthe equip-
ment smdler.

The GrossHead (H) isthemaximum availablever-
tical fall inthe water, from the upstream level to the
downstream level. The actual head seen by aturbine
will bedlightly lessthan the gross head dueto losses
incurred when transferring the water into and away
from the machine. Thisreduced headisknown asthe
Net Head.

K

Flow Rate of water Q

Gross Head (H)

¥
Figure3: Hydro power generation quantities

Flow Rate (Q) intheriver, isthevolume of water
passing per second, measured in m?*sec. For small
schemes, theflow ratemay al so beexpressedinliters/
second or 1 m¥/sec.

(B) Power and energy

Power isthe energy converted per second, i.e. the
rate of work being done, measured in watts (where
1watt = 1 Joule/sec. and 1 kilowatt = 1000 watts).

Inahydro power plant, potential energy of thewater
isfirst converted to equiva ent amount of kinetic en-
ergy. Thus, theheight of thewater isutilized to caculate
itspotentid energy and thisenergy isconverted to speed
up thewater at theintake of theturbineand is calcu-
lated by balancing these potentia and kinetic energy of
water.
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Potentia energy of water,
E,=mgH @
Kinetic energy of water,

1
E, ==mc? 2
K=5 @

Where, m is mass of water (kg); g is the acceleration due to
gravity (9.81 m/s?); H isthe effective pressure head of water
across the turbine (m); c is the jet velocity of water at the

intake of the turbine blade (m/s)

Thus, jet velocity
If ahydro turbineisconsidered asasystemwhichis
showninFigure 4, force equation and Bernoulli’s en-
ergy equation areapplicablefor the surfaceareaof the
turbine.

F \ :C:

Control valve 1

Control valve 2

C1

pP1a,
Figure4: Variousforce componentsof ahydroturbine

Force on control surface= Summation of Impulse
and Pressureforces
d;/) - (4)
ma =¢,(c;—C,)+(P1AL—PLA,)

Also, Bernoulli’s energy equation -

1 .
p +Epc +pgZ =Congtant (5)

Inthe above equations, speed remainsconstant at inlet
and outlet of turbineand so also pressure. Thus, me-
chanical energy delivered by theturbineismainly due
to the height difference of the hydro system. Hydro-
turbinesconvert water forceinto mechanicd shaft power,
which can beused to drive an el ectricity generator, or
other machinery. The power avail ableis proportional
to the product of head and flow rate. The general for-
mulafor any hydro system’s power output is:
P=mpgQH (6)
Where, P is the mechanical power produced at the turbine
shaft (Watts); 1 is the hydraulic efficiency of the turbine; p is
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the density of water (1000 kg/m?); g isthe acceleration dueto
gravity (9.81 m/s?); Q isthe volume flow rate passing through
the turbine (M?/s); H is the effective pressure head of water
across the turbine (m)

Thebest turbinescan havehydraulicefficienciesin
the range 80 to over 90%, athough thiswill reduce
with size. Micro-hydro systems (<100kW) tend to be
60 to 80% efficient.

(C) Capacity factor

‘Capacity factor’ is a ratio summarizing how hard a
turbineisworking, expressed asfollows:
Capacity factor (%) = Energy generated per year (kWh/year)
/{Ingtalled capacity (kW) x 8760 hour s'year}
(D) Energy output

Energy isthework donein agiventime, measured
inJoules. Electricity isaform of energy, butisgeneraly
expressed in its own units of kilowatt-hours (kWh)
where 1 kWh = 3600 Joulesandisthe e ectricity sup-
plied by 1 kW workingfor 1 hour. Theannual energy
output isthen estimated usi ng the Capacity Factor (CF)
asfollows:
Energy (kWh/year) =P (kW) x CF x 8760
Flow measurement

Two methodsare commonly suggested for measur-
ingtheflowinsmdl or mediumszed streams Largedis:
chargesarebest determined by ahydraulicengineer. The
float method of testing stream flow istheeasiest test to
conduct and will yield satisfactory data, except in cases
whereastreamisshallow or rocky and thusimpedesthe
movementsof aweighted float. Basically thecrosssec-
tion of an unobstructed areaof the stream ismeasured
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and aweighted float such as a bottle weighted with
pebblesistimed asit floatsdown a100 foot course.

To measurethevelocity of water current in differ-
ent timeweused thefloating system, becauseitissmple
and easier way of measuring the vel ocity of flow by
meansof floats. The surfacevelocity at any section may
be easily obtained with the hel p of singlefloat. Observ-
ing thetimetaken by thefloat to travel aknown dis-
tance, wecan cdculatethe current velocity, by dividing
the distancetraveled by thefloat by thetimetakento
travel that distance.

Head measur ement

After theheight of thewater behind the proposed
dam or diversion has been decided, it isnecessary to
measurethehead of water that will result. To determine
the differencein level between two points, we set a
surveyor’s level about midway between the points. Then
we have an assistant hold of asurveyor’s rod at one
point, sight through thelevel and recorded the height
reading on therod. Moving therod to the second point
andread. Thedifference of thereadingsisthediffer-
encein elevation of thetwo points. Oftenitisimpos-
sibleto seethetwo pointsfrom asingle setting of the
level sorodsmust beread at intermediate or turning
points. Thedifferencesin readingsbetween each pair
of points can be added together to cal culate thetotal
elevation drop fromthedamor diversion.

M easur ed data and calculation of power

Themeasured datain different timesaregivenin
TABLE 2 below.

TABLE 2: Rangesof tidal current velocity in different datesand times

Date  Daytime(24hr) Velocity (m/s) Daytime(24hr) Velocity (m/s) Total (24hr) Velocity range. (m/s)

21.09.07 11.00-13.00 0.64-0.748 13.30-14.30
22.09.07 9.00-13.00 0.55-0.78 14.00-16.00
05.10.07 11.00-12.30 0.44-0.80 13.30-17.00
27.10.07 10.00-13.00 0.563-0.75 13.30-18.00
02.11.07 9.30-13.30 0.66-0.889 14.00-17.30

0.88-0.96 03 0.64-0.96
0.92-1.00 06 0.55-1.00
0.90-0.94 05 0.44-0.94
0.55-0.78 7.5 0.563-0.78
0.80-0.90 7.5 0.66-0.90

Other hydrological dataand calculationsaregiven  (D1+D2+D3+D4+D5+D6+D7) + 7

below.
Depth (measured at different locations):

D1=0.45 m, D2=0.50 m, D3=0.6 m, D4=0.7 m,

D5=0.6m, D6=0.55m, D7=0.65m
Average Depth:

=0.578m

Average Cross-sectiond width of theriver:

W=30m

Lowest flow throughout the year = 12.9 m?/sec.
Av. Flood level (September-November) =0.78 m

e Snoivonmental Science
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Av. Flood level (June-August) =7m
Highest flood level =10.00m (Occasiondlly)
Measured head, H = 0.786m.
Averagevelocity, V =0.7433m/s.
Area, A=17.36 m?
Flow, Q =AV
=17.36*0.7433m’/s
=12.90 m/s.
Gravitational acceleration, G=9.81m/s
Density of water, p = 1000kg/m?
Efficiency = 50%, (asaruleof thumb)
Turbineoutput power (KW):
P=Efficiency (%) x Flow (m?/s) x Head (m) x Gravity
(9.81m/s*) x Density of water (p)
=0.5*12.9*0.786*9.81* 1000 = 49.73 kW

To obtain theamount of energy (kWh) produced,
we haveto, multiply the practica power capacity by
thetime (hours). The plant will be operating at the par-
ticular output. Seasond flow variationswill haveto be
cong dered for moreapplications, asthemaximum flow
may only beavailablefor short periods each year.

Turbineand generator

Thepotentia for development of smdl-scalehydro
generationisfrequently greatest in countrieswhichhave
limited indigenouspower plant industries®. Thisistrue
for Bangladesh also. Although lack of fund limitsthe
purchase of plant by direct import, thelocal peoplemay
betraned to manufactureall the machinesand compo-
nents of amini or micro hydro power plant and ac-
cording asuitable design should be chosen.

Thecrossflow, Mitchell, or Barid turbine operates
with the runner around atmospheric pressure, provid-
ing good efficiency down to low heads. The flow of
water through theunit iscontrolled by atwo pieceguide
vane. Sdecting 1/3, 2/3 or full guidevane opening does
not greatly adter the hydraulic characteristics of the unit,
providing aparticularly flat efficiency curvedownto
part load. Mitchdl turbine offersgood selection criteria
for thesiteof thestudy.

A synchronous generator is proposed for the se-
lected Stewiththefollowing design parameters.
KVA=50
Voltage=440
Phase=3¢
Frequency=50 Hz
RPM=150

Feasibility study of a community based micro- hydro system in Chittagong
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Connection = Star
Pole=40
Power factor =0.8

A computer programusing MATLAB hasbeende-
vel oped to find out the performance of such agenera-
tionif itisconstructed using cost-effective materials.
The performanceisgiven below. It seemsthat the per-
formanceisat acceptableleve.
Total loss=10.5262 kW
Rated output =40 kW
Input = 50.5262 kW
Efficiency = 79.1669%
Temperature Riseof theArmature=30.3113°C
Temperature Rise of theField coils=70.9465°C
Regulation=7.58%
Short Circuit Ratio = 24.62

Formation of micro-grid

Electricity in remote off-grid areass may be used for
arange of applicationssuch ascrop drying, milk chill-
ing, poultry rearing, weaving aswell aspower supply
to TV and agricultural pumps. To ensurereliable op-
eration of loads, automatic control isrequired asloads
are not always constant’*?, In such off-grid partsin
grester Chittagong, thepossihility of ingdlingsand done
micro and mini hydro power plant based micro-grid
may beexplored. Micro grid needsenabling technolo-
giesfor seamlessinterconnection of low environmental
impact new generation technologies™. A suitable
schemeisproposed and shownin Figure5.

Electronic Load
B Controller
'

Generators

=0

|

DUMP LOADS

—»

Figure5: A proposed micro grid based on mini and micro
hydro plantsin off grid areas

CONCLUSIONS

To limit green house gas emission and meet the
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increasing demand of el ectricity, oneof thepromising
solutionsisto install more hydro power plants. In
Bangladesh large hydro plants may not befeasibledue
to politica regionsin hilly Chittagong regions, but there
isgood potential for mini and micro hydro plants. This
paper discussesthe strategicimportance and poten-
tial of such plants. A detailed field survey has been
presented to support this claim. Technical issueson
installation of amicro-hydro plant haveaso beendis-
cussed. It ishoped that thisstudy will aso encourage
exploring more potential sitesand constructing micro
grid based on micro and mini hydro plantsin greater
Chittagong regions.
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