FLEEVIER Harbl g

Srpymhs o WA by Bk 1T
Cosanis et s iaie o Schimnn Soexelknct

Renewable and Sustainable Enargy Reviews

Renewable encegy and hydropewer utilization tendency worldwide
Darmae] = Biman Sgahitar®, Sin Maareah Bermas®, Moo Sxdik Insaniddin®

* e VeI D TR iy
" PaaTy @ A Tien ML h L

rreesp v v e

ARFILCRE IRPDO ANETEACT

Fsl smevgy festid tiwevest g v e B By o B ey (Tls Rartiges soud o (e bt
o fons el Tidt Comoret | The puihrs hime s i £ b bt Famr worse sl airmaget

[T

birdadn
L Hrbicene: A

LT gty el R

1 Lo e il fee s B
% Tabme bk Sy

e
Befreeres

L Irirdariten

Eysrprwet B prrdickd in tihe g g of sy
mascated bara rearciie panpy. By 35 1 3309 eoer 2040 TAE
S EHIe ey prkviie] B Spcopouer o B of
rerewatr crergy ened 168 of 13 AR et sorkdwile, o
11 Litger 1t e tr bt erers. it by promidodl 2771 TWN [
0 [ 1] Sere iy i s 1 Sl o e Lagred
SARTR oF coraEe APy, I Enireple Canady
B Santte et S4E L drrdared (% wad Rty
Torutels 1he pITEsiil of |nvoposet iy Frol svpaaly
styvers Vb i

i, L loon i paeeaas: Srees spsin o b
WBLO#. 2 [ ik Shewt O ks coregy el
whore Aninim the Lieeer Sydopnssss gt lil i iy gabe, wib
BRUSIET S rir, The et Pl i bl Tl porenrial

i
nr—

& 13T Nerwns (il A pgpns v
Tror 3 2TRAND

or S i b tamep deradn wgihed e
B

@ ol sk by
el morape] pate aed

& 02 Tiwrrer Lol A ripran roess il

BOIATIEINCANYY, ® ool of A GBEO00 TS,
Scaty Awtlca. 3TOE008 EVhAT, ANKL | FTES CiNtepl Maly
] Crrivd America 1561000 AT, lompe LTI 00 sy
Hl

L lprepose |5 A5

KR AL, Ty (leis, aor beferd frrdrie monl
riuied roersiecty Sl bkt mmenre potretil The i
bykoaircstc rpeeres wil 2 ISTHEW 8 OB, gl drsily
12 o0 FdE e aaibn W Ellond o Aata 22304 Chira o Lantem
Fasia bnatichy S0 CHY or 16 3 110 GV plined £ o 18 Ats
A1 the rad o 015, Chra b aheidy sl ated 200G byt
et Sapatisy (1) Mpanor in 3500 hud 160 MW ol (aeaed
Eydmgonaty, %t (£330 3B In

T deradin iacka s IEnear on W Aak huee Sptrp
pocrrialn ol 1EOEW, W o
Nt apraeny e
W1 the rpon { Bl




Renewable and Sustainable Energy Reviews 17 (2013) 213-=215

Contents lists available at SciVerse ScianceDiract
'Renewable and Sustainable Energy Reviews

-Journal homepage: www.elsevier.com/locate/rser

Renewable energy and hydropower utilization tendency worldwide

Darmawi **, Riman Sipahutar?, Siti Masreah Bernas®, Momon Sodik Imanuddin®
* Meckanical Engineering Department, Faculty of Ergineering, Sriwijoya University, Indonesia

" raculty of Agricuinere, Sriwdjaya University, Indanesta

ARTICLE INFO ABSTRACT

Article histary:
Received 16 April 2012

Accepred 5 Seprember 2012
Available online 23 Ocrober 2012

Fejranards,

Tidal energy

Tidal barrages

Tidal current
Tendency of utilization

Tidal energy could convert into power on the basis of height difference (Tidal Barrages) and on the basis
of fiow speed (Tidal Current) The studies have shown that tidal barrages have some disadvantages
concerning the environmental impacts and the limits of availability of economic sites, Tidal current
seems to have much advantages concerning the environmental impacts and technology advancement
and simplicity in application. This article discusses the tendency of utilization of small hydropower
energy generation system in the coming decades regarding the concern of environment impacts and
electricity needs worldwide,

= 2012 Elsevier Ltd, All rights reserved.
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1. Introduction

Hydropower is predicted to take greater part of electricity
generated from renewable energy. By far in 2005, some 2950 TWh
of electric energy is generated from hydropower or 90% of
renewable energy and 16% of total electric energy worldwide, a
bit larger than the nuclear power, which provided 2771 TWh in
2005 [1]. Some country has shown that hydropower is the largest
source of domestic electricity, for example Canada (60%), Brazil
(84%), Switzerland (55%), lceland (80%) and Norway (98%). Unfor-
tunately, the potential of hydropower is not equally distributed
across the world.

Fig. 1 shows varied percentages between regions in hydropower
utilization. Fig. 1 also shows different hydro energy potential,
where Asia is the largest hydropower potential in the globe, with
6,800,000 GWh/vear. The world total technical feasible potential
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is 14,218,000 Cwh/yr. It consist of Asia G.800,000 GWh/yr,
South America, 2,700,000 CWh/yr, Africa 1,750,000 GWh/yr, Morth
and Central America 1,663,000 GWh/yr, Europe 1,035,000 GWh/yr
[4].

2. Hydropower in Asia

Asian countries, mainly China, are between countries which
expand extensively their hydro energy potential. The waorld's
hydroelectric systems will add 157.8 GW in 2008, and nearly
B3% of this expansion is placed in Asia {[2,5,14]). China in Eastern
Asia builds 80 GW or 61% of 130 CW planned to expand in Asia,
At the end of 2010, China has already installed 210 GW hydro-
electric capacity [3]. Myanmar in 2000 had 365 MW of installed
hydropower, but plans call for installing 39,600 MW in the next
two decades. India and Bhutan in Western Asia have hydropower
potentials of 169 GW. 70% of which remains undeveloped.
Hydropower potential of 15.5 GW is currently under construction
in the region (Bhutan 1.2 CW and India 13.9 GW). Nepal and
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Flg 1. Hydropower potential, untapped and already used power,
Source: Seifried [1]
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Flg. 2. World hydroelectrieity system installation increment in decades in whiply.
Developed from: Sternberg [2].

Bhutan are rich in hydropower resources. Pakistan in South Asia,
has hydropower potential more than 38,000 MW. In Middle East,
there are limited sites for hydropower, only lran and Iraq have
praject under development. lran is seeking to develop some
2.6 GW and Irag 0.3 GW [3]. ASEAN countries’ total hydro poten-
tial is 202417 MW, According to IEA and ESCAP report, installed
hydro capacity in ASEAN region in 2000 is 17.913 MW [186].
It is now mare than 105.000 MW of hydre capacity under con-
struction in the world.

3. The poverty and electricity

According to International Hydropower Association (2011}, it
is estimated that 1.4 billion people live without electricity around
the globe, Some other says 1.6-2.0 billion people live in the dark
and smoke flled home [7.6]. Electricity is one of the pillars on
which education and health lie on. Electricity is strongly related
to the policy to step-up the economic sustainability and a better
guality of life, reducing the poverty and diminishing the
inequality.

In Bangladesh, India and Pakistan 570 million people have no
access to electricity. Millions of people worldwide have no access
to electricity, According to Kaygususz [B], it is approximately 589

H Untapped potential
B Potential already used

million people in Africa, 587 million people in Sub-Saharan Africa,
809 millions in developing Asia, 614 million in South Asia and
1453 million in all developing countries. Data show the inter-
relation between the poverty and the electricity availability.
Energy consumption of African people especially sub-Saharan Africa
is 248 Kgoe or half of the world average, while the population in sub-
Saharan Africa in 1999 is estimated to be 542 million people or over
80% of the African total population [9] (Fig. 2.

4. Small hydropower and rural electrification

According to Giles [10], some hydropower schemes cause
global warming as much as fossil fuel plants as the previous
forested areas emit greenhouse gases in the form of methane and
nitrous oxide which have global warming effect 25 and 300 times
greater than carbon dioxide respectively. Other environmental
concerns are highlighted by Harrison et al. [12] on the problem of
sediment transport and river ecology, The International Energy
Agency has also reported several other negative impacts of major
and medium scales that are being associated with large hydro-
power projects. Many large hydropower projects create social
problems worldwide, High Aswan Dam as the one that has
6000 kim? surface area and water volume of 162 km? creates
downstream and up-stream effects, methylmercury bicaccumu-
lation, emission of greenhouse gases and limitation of biodiver-
sity. High Aswan Dam hydro-electric development resulted in the
relocation of more than 100,000 people to make way for reservoir.
Migration of large number of people resulted in harmful social
effects [13].

Very small hydro plants do not suffer from such environmental
and social problems, not only because the scale of the technology
but also due to the insignificant storage of water, Maostly mini-,
micro- and pico-hydropower do not form a barrier of aquatic life.
Small hydropower plants are now recognized as imporiant
technology to rural populations, many of which do not have
access to electric power.

Ocean covers approximately 71% of earth surface and holds a
large amount of energy more than 2 x 10* TW, which is mostly
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untapped renewable epergy on the planet, Ocean energy is
available in some forms, including tide, wave, tidal current,
thermal energy conversion. Among them hydro energy is the
most highlighted because of the advantages including the long-
time predictability, large potential resource and high energy
density which is about 832 times greater than that of wind. On
the basis of large potential, clean energy necessities of the world
and low operating cost, the hydro energy will probably take an
important rale in coming decades in electricity generation speci-
fically in remote areas and rural areas where electricity grid is
unable to reach. Laos in South East Asia with population of 6.5
millions spread across mountainous terrain which covers three
quarters of the land area uses pico-hydropower as do the
countries with small hydropower.

5. Future hydropower tendency

Renewable energy is of interest to all enerzy communities to
cover the increasing energy deficit, where hydropower, wind
energy and photovoltaic seem to be optimum choices among
the renewables available today. Hydro energy can be hamessed
from the water current by simply utilizing the velacity of the
water stream. The power can be extracted from the ocean and
river current by using submerged turbine, which are similar to
wind turbine, capturing the energy through the process of
hydrodynamic. The use of kinetic energy of stream is considered
to be a strong alternative in accordance with the large potential
and clean energy. The technology of submerged turbine is fit to
the requirements of free greenhouse gases emission, low operat-
ing cost and low noise transmission systems and nearly existed in
most sites in the globe. With these reasons, the use of kinetic
energy predicted tends to increase in the domain of kinetic energy
conversion in coming decades rather than potential energy con-
version worldwide. Mukrimin Sevket [15] expected that the world
renewable energy generation will reach 5.8 tillion kWh by
2020, where hydroelectricity will share 4.4 trillion KWh from total
or 76,

Some countries which have numerous water energy resources
use hydropower to fulfill their electric domestic needs, such as
Norway (98.25%), Brazil (85.56%), Venezuela (67.17%) of installed
capacity in 2000, Sternberg [17] reported that installed hydro-
power worldwide raise significantly from the year 1950 to 2000.
In Africa, there is an increment of 4461 percent from 1950 to
2000, in Asia 2418 percent, in Europe 782 percent, in North
America 234 percent, Oceania 1307 percent, South America 4954

percent. The world total increment of installed hydropower from
the year 1950 to year 2000 is 721 percent or from 92,105 MW to
756,000 MW, These data represent a great tendency to utilize the
hydro energy for electricity in coming decades worldwide,

6. Conclusions

small hydropower which converts the kinetic energy of river
stream or ocean current into electrical energy seems a promising
alternative source of energy generation to fulfill electric necessity
in remote areas. The choice of small hydropower is also bacled up
by the international effort to reduce greenhouse gas emission in
the atmosphere.
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