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Preface

Reduction of global greenhouse gas emission tostarggobal warming requires
minimizing the use of fossil fuels. To achieve thitarge scale use of renewable energies
must be made over the globe for production of eledtand thermal energy. Success of
wind and solar energy projects require detaledredise information on the resouces.
For most developing countries adequate informationthe resources are not available.
UNEP supported by GEF has started a progam teassdar and wind resources for a
number of countries including Bangladesh, Chinaaziir Nepal and Sri Lanka in the
initial program.

Worldresources of oil, gas and coal are limitedtdrere is a gobal concern abou this but
for Bangladesh the situation appears to be extseraehappy as per capita reserve of
fossil fuelsis only 1/59to 1/108' of world per capita. A close look at Bangladeshren
scenario is presented before going to an overveth® results of resouce assessments
for wind and solar energy under the SWERA Programied out for Bangladesh with
RERC as the local partner. Data and maps for Baeglaare available in the SWERA
website. Details of assessment techniques andsesill be presented in the following
sections together with the possible applicationthefresouces.

A spin-off from the SWVERA Project is development ménpower trained at home and
abroad in WAsP techniques, RETScreen and HOMERys@asaland the capability
development for using GIS T oolkit.

NREL, RISOE and DLR produced modeled maps andsitsafor Bangladesh and NREL
developed the GIS Toolkit. RERC measured and d&ltbground data and standardized
the maps and data sets.

Mr. Tom Hamlin of UNEP who has been the project agan for SWERA activities
always extended his helping hands to RERC whiclbledahe completion of the project.
TERI has played avital role as the Regional Coatar.



Section1

Energy Scenario of Bangladesh and the role of
Solar and Wind Resources

1. Country profile of Bangladesh

Geographical Location - Between’38’ and 2638’ North latitude,
8801’ and 9241’ East longitude.
Area : 147,570 sq, km

Map of Bangladesh

Land Type : Consists mostly of flat fertile allaviand.
Population (2006) : 138.8 million
Population density : 941 per km

No. of Household (2001) : 25.40 milion

Average Household(2001) : 4.8 persons

Per capita GDP (2003) : $389 (World per capite$s,327)
Per capita GDP (2006) : $456



2. Conventional Ehergy Supply and Resources

Energy consumption per capita in Bangladesh iseexély low compare to neighboring
cowntries as shown in table below

Table 1: Per capita energy consumption (kgoe, 2003)

Country/ Region Energy Consumption| Country/ Region| Energy Consumption
1. Bangladesh 157 5. India 520

2. Nepal 365 6. China 1094

3. Sri Lanka 422 7. World 1688

4. Pakistan 467 8 OECD 4588

Source: IEA

The consumption per capita is half of even Nepal 210" of the world A much higher
consumption must be made to raise GDP andto atkepioverty.

2.1. Biomass Eergy:

The major part of energy consumed comes from bismagch is used mostly for cooking
in rural areas and for rural industries. It form86 of total energy supply while 32% is
supplied by commercial energy (including hydro pgwe

For most villagers cooking is a drudgery as dushartages of fire wood biomass residues
have to be collected and inefficient cookers emgitbyroduce unhealthy oxides and
particulates. Improved biomass cookers would leedd but around 300,000 of them have
been bult for only 1.5% of 20 milion rural housdts. The num ber of households having
biogas digesters for cooking is a factor of 10 $énadt around 30,000. Presently 12
million tons of coal equivalent biomass is consunretdhe industrial and domestic sectors
along with commercial energy. Fire wood forms oh@% of the supply as shown below.

Tabe 2: Egtimates of Energy Supplied by Traditiddamass Fuels
(‘000’ tons of coa equivalent)

Fuds 1999-00 2000-01 2001-02 2002-03 2003-04
Cow-dung 2441 2471 2471 2471 2502
Jute stick 922 966 1010 966 922

Rice straw 1375 1429 1409 1418 1218
Rice hulls 2810 2810 2854 2898 284
Bagasse 314 340 366 366 392
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Firewood 1166 1166 1219 1219 1272

Twigs and Leaves 1325 1378 1431 1484 1537
Other wastes 1186 1230 1273 11317 1361
Total 11539 11790 12033 12139 12258

Souce: BBS (Bangladesh Bureau of Statistics)

The consumption of biomass has remained stagnaet the years and there is little
chance to produce a larger amouwnt of homass. Hewefficient hiomass technologies

can improve energy supply from biomass.

2.2. Hectrical Energy:

The availability of the most useful form of energyectricity, is again extremely small as

shown below.

Table 3: Electricity Generation and Consum ptioBangladesh, 2005-2006.

Figure below presents the fossil fuel supply f@ceicity generation which shows that

ftem aptity
Installation capacity 5,275 MW
Average demand 4,3004,500 MW
Average generation 3,200-3,300 MW
Per capita generation 167 kWh
Per capita consumption 136 kWh

natural gas is the major energy source.

Fig. 1. Generation Pattern FY2004

Hydro  Oil
4% 1%

Natural Gas
89%
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Electricity consumption per capita is one of thedst on earth- around 1/18bth world
per capita (2429 KWh). Serious shortages in gefoeratap acity led to load shedding on
223 days for the total duration of 951 hours in tfear 2003. This situation further
deteriorated with time and in 2006 the maximum Ishddding approached 2000 MWh
causing serious disruptions in the industrial pratidun and in the society. The shortfall in
generation which continues till today is mainly doeold inefficient generators requiring
heavy maintenance.

Accordingto the National Energy Policy the progetidemandin 2005 of 5,720 MW will
increase gradually to 11,794 MW by 2020 for low mamic growth of 6% and for a
higher growth rate of around 8% it should be 17580/. Snal power plants may be
added to produce 1000-1200 MW around 2006-2007 ttet electricity criss would
continue asthe demands will not be met.

2.3. Indigenous Fossil Fuels:

The recoverable proven and probable reserve ofralapas in 22 gas fields is 20.5 tcft
(accordng to BBS of which 6 tcft gas was produbyd005 and 14.5 tcft (proven and
probable) gas was left while the annual gas proatues around 0.5 tcft in 2005. Proven
amount would be much smaller. 46% of natural gasissumed for electricity generation
and fertilizer production uses21% ofthe gas wbtleer sectors consume therest 33% as
shown in table below.

Table 4. Produdion and Consumption of Naturd Gas

Category/Year 2000-01 2001-02 2002-03 2003-04 a4-
Gas Production: (19@11) 37216 391.53 421.16 454 .59 486.75
Consu mption: (1&f)
Electricity 175.27 190.03 190.54 199.40 211.02
Captive 0 0 0 32.03 37.87
Fertilizer 88.43 78.78 95.89 92.80 93.97
Industrial 47.99 53.56 63.76 46.49 51.68
Tea-garden 0.65 0.72 074 0.82 0.80
Biick feld 0.44 0.53 052 0.12 0
Commercid 4.06 4.25 456 4.83 4.85
Domestic 31.85 36.74 44.80 49.22 52.49
CN.G. 0 0 023 194 3.62
Tota Consumption 348.69 364.61 401.04 427.65 456.3
Source: BBS
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The gas consumption must increase to improve GRibleTbelow presents Bangladesh
fossil fuel reserves. We find that our gas resesvaround 1250 while coal reserve is
1/5000" of world reserves. Per capita reserve of gas imgBedesh is then around 1/and

of coal 1/108 of world per capita The situation is not happyaditfor Bangladesh
although some more gas andcoalreserves are tidlg dscoveredin fuure. Fossi fuel
reserves of Bangladesh are compared with worldvesan the table below.

Table 5. Fossil Fuel Reserves

Country/ Gas ail Coal
World tillion ctt milion barels million tons
Bangladesh 20 55 2295
World 5016 1,030,444 10,967,373

One million ton of coal is to be extracted per ygam Barapukaria coal mine. This is
equivalent to 0.03 tcft gas and should provide 24W/ generations by 2007. The
followin g table showsthe coal deposits dscov ese ter.

Phubari deposit was planned to be mined by Asi@rBy Corporation wth its first
production in 2008 and ful production in 2013. Hwer, the planned open pit extraction
of coal could not be started due to the pressunehitants of the locality who would be
dislocated from their homes and hearths and asuseanvironmental degradation might
have occurred.

Table 6: Coal Deposits discovered in Banglade sh

Cod Fidds Depth ofcoal Reserves in
seams in meter million tons
Jamadganj, Bogra 640-1158 1053
Barapu karia, Dinajpur 118-506 303
Khalaspir,Rangpur 257-451 147
Dighipara, Dinajpur 250 200
Phulbari,Dingpur 152-246 572

Source: Energy&Power, August 1, 2005 and Map06.
2.4. Imported Fossil Fuels:
Bangladesh transport system depends almost taaliynported liquid fuels. Kerosene is

used widely for lighting in villages while diesekrmerators are getting unavoitale. The
amount of crude oil and petroleum products im porseshown below.
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Tabe 7: Import of Petroleum Products and Crude Oil

Crucde Qil Petroleum Products

Year Oty Value Oty Value
Thouwsand tons| Milion USs | Thousandtonyg Milion US$
2001-02 1225 220 2072 2536
2002-03 1331 289 2214 3319
2003-4 1252 314 2262 4015
2004-5 1063 364 2692 7214

Bangladesh Orthornaitic Samikhha, Ortho Mantran&@ag6

The cost of import is soaring high and becominghiitive. Use of less polluting local
CNG should be popularized. Bio-fuel using indigenplants presents a possibility which
shouldreduce petroleum imports. Pollution too wblog less.

Again, a small amount of coal, around 0.1 milli@m tis imported annually. The imports
require hard earned foreign exchange and have tceeje limited. Import of electricity
from Nepal through international funding for hydgeneration is too remote a possibility
and would be subject to international vagaries.

Natural gas reserves in Bangadesh are likely taldpdeted before 2020 and electricity
production from gas may stop. Coal may supply EM from Barapukaria deposits. As
the demands would be over 11000MW serious atterhpte to be made for energy
conservation and for high energy efficiency alonghwexplorations for gas and coal
reserves to avert an impending disaster from shertf energy supply. But more
importantly energy supplies using RETs must be lopeal and utilized.

Fuel imports must be kept limited. A larger depewdson imported fuel woud mean
absence of energy security for the country whiclstmba avoided.

3. New Technoloagies

Pollution free fusion reactors are stil a fantasyd so far Bangladesh could not arrange
electricity production from fission reactors. Franis expected to take a leading role in
building one experimental thermonuclear fusion teachy 2015. If economically
successful Bangladesh may look forward to nuclearctors for generation of electricity
without risks from nuclear fallou. But this is @mnote possihility. However, Bangladesh
may well go for installing nuclear reactors at Rupfor 1000-2000 MW as the risks
associated with modern reactor technology areikel be lower than the risks from
power shortage.

Government of Bangladesh has declared its visigordgide electricity for all by the year
2020. To fulfil the (Government of Bangladesh’§DBs objectives of electrification,
utiization of renewable energy technologies muday pa vital role for off-grid
electrification. The supply of electricity to thadgusing RETs has to be attempted. Grid

connected PV is now progressing fast in Germany Japén. Bangadesh has a better
solar resource and a larger amount of electrictyld be generated here from the same
solar panel.

At present, the share of Renewable Energy Techirdo@®ETS) in electricity production
is very low Conventional hydro produces 4% of &liety. New technologes for solar
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and wind contribute only 0.1% at the time. Howevire potentiality of RETS is
recognized by all andthe Power Cell of the Mirysif Energy and Mineral Resources has
produced a draft Renewable Energy Policy whicheisty be accepted by the government
for its implementation. The target proposed is énegate power uilizing new renewable
technologies to share 5% of total electricity dechp 2010 and 10% by 2020. Attempts
to attain the targets should not be delay ed arthéur

RETs which have found wide scale use in Bangladestshown in the followingtable.

Table 8: Wide scale use of RETSs

No. Technology Number of units
1. Solar home system above 100,000

2. Improved homass cooker around 300,000

3. Biogas plants around 25,000

4. Biomass briquetting machines around 100

Major players have been NGOs lke Grameen ShakitiBRAC as well as BCSIR.

Life size demonstrations have been on for many REATeumber of organizations are
involved including LGED, RERC, BUET, BAU, REB, BPDHBCSIR, BRAC, GS,
CMES and Rahimafrooz Ltd in technologies such as:

Solar Water Heaters

Solar Dryers

Solar Cookers

W ater Lifting Wind Turbine

Wind Electricity Generators

Hybrid Generators- solar/wind/diesel
Grid Connected Wind Turbine

Micro Hydro Generator

LED lamps

CoNOOAWONE

The demonstrations have proved to be generalkacitve but large scale deployment of
the technologies are yet to be made.

It may be mentioned that
1. BPDB has floated a tender for installation of a dvimttery power plant of IMW
capacity
2. IDCOL has invited proposals for developing a 1-2M@lar panel assembly plant

4. Barriers to greater utilization of Renewable Enegy Technologies

There are plenty of barriers hindering widespreaglayment of potential RETs in
Bangladesh. Different types of barriers experieneee discussed in the subsequent
headings.
1. Inform ation Barriers
Lack of information among the public and policy ek abou renewable energy
resources, technical/economic information abo ut RET

2. Policy Barriers
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Absence of a national renewable energy policy, ranmg and goals although a
draft policy has been prepared by the Power Ceilhistty of Energy and Mineral
Resources (MEMR).
. Institutional Barriers
Absence of a dedicated national agency like Renkew&bergy Development
Authority (REDA) or Sustainable Energy DevelopmAnthority (SEDA) to plan,
co-ordinate and finance.
4. Technical Barriers
Local manufacturing andlor assembly of renewabbeg@ntechnolo gy components
and equpment are currently limited.
5. Market Barriers
The high upfront cost at the end user level foevemble energy isa major barrier.
6. Economic, Financial and Financing Barriers
Lack of appropriate financing mechanisms for renaevanergy except for SHS.
7. Human Resource Barriers
Limited expertise on system design, instalatioperation and maintenance of
renewable energy technologies and on project dewredot.

w

It is learnt that Sustainable Energy Developmentthérty (SEDA) to look after
renewable energies, energy efficiency and energgew ation may be established Such a
move shoud help remove the barriers prevailinthiem renewable energy sector provided
appropriate actions are taken by SEDA.

A major step in addressing the Information Barf@r wind and solar energy has been
taken. A fair amount of detailed and precise infation on solar and wind energy is now
availabe through the UNEP’s (United Nations Enmireent Proggamme) SWERA (Solar
and Wind Energy Resource Assessment) program WHER®as the country partner for
Bangladesh. SWERA toolkit (website) offers informoatto all. Some of the results of the
assessments made by RERC together with NREL (NdtidRenewable Energy
Laboratory) of USA, DLR (German Aerospace Centdr)Germany and RISOE (Risg
National Laboratory) of Denmark are presented below

5. Solar and Wind Resource Assessment
5.1. Solar Resource:

Global and diffuse radiation measurements at RHR@ka University kept suspended
for a decade were restarted in 2002 as part of SWERgram. The activities have been
continung since then. Eppley pyranometers witlomjguter interfacing card and a micro
computer have been employed. Data are measuregl eveute and integrated values
over an hour are used to obtain houly, monthly @moual values. Calibrations with a
new pyrheliometer and a new K&Z pyranometer areasomally made. To estimate
radiation values over Bangadesh sunshine duradod cloud cover measured hy
Bangladesh Meteorological Department at 31 stataresused employing correlations
developed at RERC. Annual values of Global Horiabmhsolation oktained is shown
be low.
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Fig 2: Annual values of Global Horizontal Insotati (GHI) for 31 locations in
Bangladesh)

The whole area of Bangladesh has been covereddspandent assessments of NREL
using the CSR (Cimatological Solar Radiation) mlodhich utilzed information on
cloud cover water vapour trace gasesand aerowetdloe years 1985-'91 and produced a
40x40 km resolution map. Their annual map has taead to Dhaka pyranometer data
andthe tuned GHI (Global Horizontal Insolation)pra NREL is shown below.

Fig.3 : GHImap of NREL tuned to Dhaka Fig. 4iBnap of DLR tuned to Dhaka
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Fig. 5: GHImap of RERC-NREL-DLR showing Fig.6: GHI map of RERC-NREL-DLR
averaged NREL and DLR tuned maps for a typicd month, M ay

Based on satellite data collected in the years 22002 and 2003 DLR Laboratories in
Gemany has produced 10kmx10km resoluion monthig annual maps. Their maps
have been tuned to Dhaka data and the annual mapesented above. It may be
mentioned that variations between maps of NREL2bR are not large and GHI values
are within 2%.

Monthly and annual maps have also been preparediffese and direct normal radiation.
The SWERA archive contents valuabe data for lacatiall over the country.

5.2. Wind Resources

In Bangladesh, adequate information on the wineedpaver the country and particuarly
on wind speeds at hub heights of wind machinestswailabe. A previous study (1986)
showed that for the wind monitoring stations of Balesh Meteorologcal Department
(BMD) the wind speed is foundto be low near theugrd level at heights of around 10
meter. Chittagong — Cox’s Bazar seacoast and da#étshore islands appeared to have
better wind speeds. Measurements at 20m and 30ghtednave been made later on by
BCAS, GTZ and BCSR. WERM project of LGED for mesmuents at the height of 20
and 30m have been goingon for 20 locations all ®aa gladesh.

However, the speed at a higher height of 50m weaften usedfor wind generators has
not been available. This SWERA Progamme providegliptions for wind speed and

wind energy density at different heights includbfan height to look for the possibility of
wind power generation.

For prediction of wind speed at different heights for assessment of wind energy in the

coastal part of Bangladesh, Wind Atlas Analysis application Progam (WASP), a
micro-scale modeling software has been used WAsRlabs models for obstacles,
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roughness and terrain surrounding a measuringstatd then generates a regional wind
climate or a wind atlasfor the regon around 100kmarea.

As a case study Figure 1 shows (a) a digitized ofidgutubdia 1dand showing variations
in roughness where two wind monitoring stationBbf D and BCAS have been located
and (b) models for obstacles at BCAS and BMD |aoeti For BMD location effects of
obstacles are very high due to a cyclone sheltiédibg and lots of trees close to the met
station

Fig.7 : (a) Digitized map of Kutubdia (b) Obstadasdel in WAsP

After analyzing al the effects, the monthly andhaa wind atlas for locations all over
Kutubda Island have been developed using 10 y@&%1 — 2000) of three hourly time
series data of BMD and one year (Sept96-Augd7) dattD minute time series data of
BCAS. The developed wind atlas was used to findiam@tions with high wind speeds by
generating the wind resource map with the helpl60(x 100) M grid cells as shown in

the figure below.

Fg. 8 Windresource map for 50m height abovedtvand level over Kut ubdia Island

The developed wind atlas of four coastal locatiohBan gladesh, Charfassan, Chittagong,
Kutbdia and Cox's Bazar using one year data of BGA®Bws that at 50m height for the
roughness value from Om (open sea, water areaB)08m (farm land with very few
buildings, trees, airport areas etc) the wind spesiks from 4.1 to 5.8 m/s with a power
density of 100 - 250 w/fn
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BCAS time series data on wind speed and directid5en height have been employed
using WASP techniques to obtain predictions of wap@ed and power density at 50m
around the stations at Kuakata, Patenga, Charfgs$iotubdia and Cox’sBazar. The
power densities oltained are 154, 133, 164, 184147 W/nf respectively. The predcted
wind speed at 50m height is shown in the tabewdéts BCAS, GT Z and BCSIR data for
11 locations. A speed dependent power law (2002¢ldped using Indian data for coastal
stations with the index

= 0.438
predicts less accurate but a simpler method usmhgroonthly values of wind speed The
predicted wind speed at 50m height for a numbetoafstal locations in Bangladesh are
shown below.

Tabe 9: Wind Speed at Coastal Locations in Barggdaqm/s)

Location WASsP Exponential Fit
Kuakata 48 5.1
Patenga 47 4.4
Charfassion 47 45
Kutubdia 53 4.8
CoXs Bazar 4.3 3.7
Noakhali - 34
Teknafl - 3.3
Feni - 51
Anwara - 4.6
Teknaf 2 - 5.0
St. Martin - 5.0
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Fig.9: Coastal wind monitoring stations in Bangktue

From detailed assessments it has been found thatinld speed in the coastal areas goes
up to 5.8m/s. But as there is a strong seasonaldamdal variation in Bangladesh wind
power density is higher than for most locationsimgihe same annual wind speed. It may
be noted that some of the locations have wind podegrsity above 150 W /rand there
should be a good potential for wind generation.

Wind resource assessment over Bangladesh has loeen imidependently by RISOE
National Loboratory, Denmark usng KAMM (Karlsr uBém ospheric Meso-scale) model.
The model uses uwper atmosphere wind speed dataabeltite information. Based on a
comparison between KAMM (done by RISOE) and WASBults (done by RERC) the
wind resource map for Bangladesh has been develmpdddded to SWERA archives.

Fig10. The wind climate of Banglaadesh at 50m abgwund level along with BCAS
stations.

Wind energy density predicted by RISOE show locegiavith power density above
200W /n? over 2000km which is highly encouraging This has to be esshbld from
experimental measurements to go for large scallecapipns of wind energy.

Section -13



6. Applications of SWERA Products

The solar and Wind Energy Resources Assessment RAWRroject has produced data
and maps for global, diffuse and direct normalatidn and the radiation availability on
collectors tilted at latitude angles for locatiallsover Bangladesh. Wind maps have been
developed for the whole of Bangladesh and windsdtlas been produced for several
cases. These should help applications of solawamd energy in the country.

The availability of global radiation is in the ranfyom 4.0- 4.5 kWh/rzniday.The
total yearly amount of solar radiation arriving oube suface of Bangladesh is then at
least 2.4x18' kwh while the present electricity generation i@2.d° KWh. Hence the
solar radiation available is 10,000 times eledyicgeneration. If 1/1000 part of
Bangladesh is used for electricity generation figra sun with only 10% efficency we
can generate the same amount of electricity asupretiby all the conventional resources.
Again, solar thermal flat plate collectors haveasfincy usually between 30 and50% and
a large amount of thermal energy generation m a dode.

In rural areas where grid extensions are econoiygioal technically prohibitive single
Solar Home Systems (SHS) has already been provaleurical lights for over 100,000
households through SHS. this has been possibléodi@udabe activities of NGOs with
financial support from IDCOL. This annually dspdsc around 18 million litres of
kerosene. Since kerosene is imported in Bangladgghreduction in their consumption
help lower foreign exchange outgo besides makiregcduntry that much more secue in
terms of energy supply. Again, GHG emisson woukd Ibwered. Solar radiation
availahility is high all over Bangladesh and PV shibplay a vital role in providing
electricity to all in rural Bangadesh.

BPDB uses millions of litres of diesel to generateund 250x1DMWh of electricity
every year. Aqain, diesel is consumed in large tifes for rural markets and homes and
for irrigation water pumping or as an auxiiary gexe for urban areas. Reduction of
diesel consumption by renewable resources wo ulgllbever import cost and lessen GHG
emission and attempts ought to be made to appdy sod windresources.

From RETScreen (Renewable Energy Technology Scresery HOMER (Hybrid
Optimization Model for Electric Renewables) compyteograms it is found that hybrid
generation using PV or wind along with diesel istaeffective for Bangadesh for many
locations. Hence for remote and rural locationsrit/lgeneration ought to start. A case
study for cost of generation is shown in table 10.

Table 10: Cost comparison for different modes ofegation

Power Generated Location Wind speed Generation Mo@wst/kWh (Taka)
5.5 m/s Diesel only 29.7
Kuakata 5.5 m/s Wind-Diesel 16.3
100 kw 5.5 m/s PVWind-Diesel 16.8
5.5 n/s PVWind 19.8
5.5 n/s Wind 24.4

For solar water heaters the payback period is arduyears hence use of water heaters in
hospitals, hotels and industries would reduce adént load and GHG emission. If
measurement supports prediction of RISOE of excelpetential of wind over 200 ki
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large wind generators should be feasible. Agaird gonnected PV should be attractive
when solar cell prices fall down and diesel prigesup and 10-20% grid generation may
be effected by solar P V.

8. Fhvironmentd Issues

Green house gases (&@H,, N,O) emitted in buming of different types of fuetsal to
global warming. GHG emission factors which are riyodte to CQare shown below.

Tabe 11: GHG emission factor

Item GHG emission factor
Kerosene 2.5 ton CQfton

W ood/straw 1.73ton CQion
Diesel genset (=21%) 1.3 ton CQMWh
Diesel ( =30%) 0.897 ton CaMWh
Bangladesh grid (naurd gas 90%) 0.452 ton/G@/ h
Natural gas 0.452 ton G™MW h
Hydro, Solar, Wind 0

We find that GHG emission from electricity grid (B62MKWh) is 9 million tons. T his
scenario for CQemission energy production in Bangladesh as gmehEA for 2003 is
shown below.

Energy-Related Carbon Dioxide Emissions32.9 milion tons
Per C apita Energy Consumption: 4.0 milion Btu
Per C apita Carbon Dioxide Emissions: 0.23tons

The demand of electricity, the major option of ggers increasing day by day; therefore
energy related GHG emission is also increasing €@ssion from electricity generation
should increase by a factor of 3 or so by 2020 ftbmpresent value of 9 million tons and
the total CQ emission should be at least 50 million tons. Thigéase in the amouwnt of
CO in the atmosphere of the earth is not desrablerhationally attempts are being
taken to decrease GHG emission and Bandadesh a¢hiyulo help the effort. Again if
GHG emission is reduced Bangladesh may earn $86 far £ ach ton of reduction through
carbon trading For 10% reduction of £LBangladesh woud earn around 50 million
dollars or so. Efforts for GHG mitigation shoul@stimm ediately.

According to the Power Cel of the Government oh@adesh the tentative target for
renewable energy utilization by 2020 is shown beldang with estimates for GHG
reduction.

Table 12: Power Cell targets for RETs
Tentative Targetfor RETs, 2020 and GHG reduction

Resource Expected GHG redudion
wili zation (million tons of CQ)
Wind 1000 MW 5.0
Solar 300 MW 0.5
Biomass/Hydro 600 MW 0.6
Co-generation 300 MW 0.3
Total Renewable Energy 3200 MW 6.4

Section -15



9. GHG (Green House Gas) mitigation:

From RETScreen (Renewable Energy Technology Scraalysis the following results for GO
reduction have been found for various proposedegtns of RETSs.

Table 13: Potential for electricity generation frofolar and Wind energy technologies
andthe scope of Gnitigation by 2020

RET Indicative In place of CQ redudion
Potential conventional potential
generaion using (MtCGO,/year)
1 Hydro electricity (existing 230MW) 300MW Grid a.
2 Solar Home Systems 50W, 2 million  Kerosene & Grid 1.5
3 Solar lights forthe poor 10W, 2 million  Kerosene 0.6
4 Wind Diesd hybrid microgiids 100kwW, 300 Dieselnget 0.1
5 PV Diesel hybrid microgrids 100kw,300 Diesel gatns 0.1
6 Wind dectiicity generation(minimum) 200MW Diegenset 2.1
7 Grid conneded PV(f grid is stable) 200MW Grid 0.8
Total=| 6.6

Tabe 14: Potential of thermal energy from Solad ahe corresponding scope for £0
mitigation by 2020

RET Application of RET Coreduction potential
(MtCO,/year)
1 Sdar Water Heaters 1sg. Km 04
Panel tilization (by repladng Grid)
2 Improved biomass cookers (15% 1 milionton 19

more efficient than conventional) and Biomass replacement
biogas digesters
Total= 2.3
Notes: Wood/strawproduces 3.8 ton,G®@on fuel

We find that CQ mitigation for our proposed applications are smia the targets of
Power Cell.

10. Recomm endations to strengthen RET programs

Ongoing SHS program shoud be strengthened to enatallation of 500,000
units by 2020
The program for biogas project and biomass cooktoge should be strengthened

Measurement of Global radiation started less thgraa back at seven locations
must continue together with GHI, DIF and DNI measuent at RERC Dhaka.

RISOE may produce 1kmx1km resolution map for cddmk
W AsP studies should be made for LGED wind stations
Feasibility studes should start on:
a) Solar water heating in hospitals, rural health eest hotels and
industries
b) Hybrid electricity generation using wind/PV/desel
c) Biomass gasifiers particularly usingrice husk
d Gridconnected PV
e) Production of biofuels using Jatropha and smilants

Section -16



Funds for the above projects have to made availabieg with additional resources for
innovative activiies on RETs. Bangladesh faceshallenge to supply energy for
development and the challenge has to be acceptetetyy Due to limited fossil fuel
reserves of Bangadesh the country should rely raxhaustible renewable energy
resources. RETs along with technologies for enexgyservation and energy efficiency
can help over come energy shortages and lead tintrgdo progess provided necessary
steps are taken now without delays.

Conclusion:

The SWERA activities show that for all locations @angladesh solar radiation
availahility is excellent. The diffuse componentaisund 50% and non-concentrating PV
or thermal collectors should be most suitable fee. bror coastal Bangadesh the measured
wind speed is high in monsoon months and wind geoes with hybrid generation for
other mornths have a good potential. Estimates [BO® from upper atmosphere data
show high enough wind speeds for large wind geoesalv er 2000k RETs along with
conservation and efficient utilization of fossiels should allow the country to progress in
the next decades when gas reserves get depleree s@ale uilization of solar and wind
energy should help energy securtty in the facargfanding energy crisis from dearth of
conventional energy supply. The challenge to dgvelod utilize RETs must be accepted
boldly.
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Section 2
ASSESSMENT OF BANGLADESH SOLAR RESOURCE

1. Solar radiation Measurem ent

Renewable Energy Research Centre (RERC), Dhakaelsity has been measuring
Global Horizontal Irradiance (GHI) since Septem®@02 under the SVERA program. It
has been collecting houly data at one minute waler using an Eppley Precision
Pyranometer and ICP-CON data acquisition card aithicrocomputer. Measurement of
Diffuse Irradiance (DIF) has been going using arofppley Precision Pyranometer with
a manually adusted tracking shadow ring. BothRlyeanometers are placed on roof of a
two storied building having fine surroundng apeet2 channels of the same data
acquisttion card are used for GHI and DIF data. RERS been using an Eppley Normal
Incidence Pyrheliometer occasionally for instanbasemeasurement of Direct Normal
Irradiance (DNI) for clear sky conditions. Sunshoheation measurement has been going
on since March 2003 with a Campbell-Sokes sunseeerder (coutesy of Bangladesh
Meteorologcal Department).

Bangladesh Council of Scientific and Industrial &ash (BCSIR) measured Global
Horizontal Irradiance at Dhaka and Bandarban faruala year only using auomatic data
recording system. Bangdadesh Meteorological Depantm(BMID) has started GHI
measurement using Eppley Precision Pyranometev fstations over the country. For
automatic recording K&Z Data Loggers have beenregea under SNV ERA programnme
using intemational funding.

2. Cdibration and Screening of RERC data

Global radation is composed of the directly comsadar radiation and of the diffuse
radiation itself. The fraction of diffuse radiatiashich is obstructed by the surrounding

obstacles (inclined5°) has been added with the measured GHI valuesm Frstudy of
the surrounding obstructions it was found that 2&a &f the hemisphere is obstructed.

Diffuse radiation is obstructed from receiving tyanometer due to the shadow ring
used for the measurement and by the surroundingalbs like trees or buildngs. To get
reliable diffuse radation values necessary cowadactors have been introduced

Calibration has been done often. For this purpoBR® has been using a new K&Z
Pyranometer, a new Pyrheliomer andtwo hand hetalldggers.

Frequently the pyranometer were cheeked. A few datae screened due to 1)
misalignments of the shadow ring, 2) misbehavioth® background or offset values and
3) drtying of the dasssurface from hbird's waste.

Measured GHI and DIF data for each minute wereaayesit to get monthly averaged data.
For January 2003 to Decem ber 2005 monthly aver&jdidand DIF values are given in
Table 1 inthe next page.
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Table 1: Monthly averaged hourly GHI (W him?)

Hours/ month Jan | Feb| Mar| Apr | May | Jun | Jul | Aug | Sep| Oct| Nov| Dec
5:30 1 5 17 19 11 7 3
6:30 3 8 29 66 106 93 86 66 5§ 44 3L ik
7:30| 57 93 148 198 257 20 198 180 165 1p9 157 97
8:30| 175 254 318 354] 4064 321 395 288 3p3 324 B31 P37
9:30| 300 24 489 521 56] 416 438 433 4B5 473 490 382
10:30| 411 573 629 666 681 494 503 514 4B5 487 b30 179
11:30| 494 672 712 751 721 53p 548 537 485  §520 b14 198
12:30| 518 701 722 764 71] 548 570 535 486 488 b7 3 189
13:30| 483 646 657 693 641 50D 503 482 ah1  4oe b10 126
14:30| 379 528 541 553 571 45]1 493 453 385 323 B7 7 309
1530 | 236 353 377 402 419 32p 372 3%6 2B1 208 P04 183
16:30| 94 175 204 237 257 215 2444 231 164 16 b7 54
17:30| 10 37 55 72 93 93 107 89 44 4 ] y
18:30 2 4 11 17 18 8 1
Daily average
(kwh/m?day) | 3.16| 4.46| 488| 5.28| 544 422 442| 418| 3.74| 353 392 317
Note: 5:30 representsthe period between 5am to 6am
Table 2: Monthly averaged hourly DIF (Wh/m?
Hour/Day Jan | Feb| Mar| Apr | May | Jun | Jul | Aug | Sep| Oct| Nov| Dec
5:30 1 5 16 18 11 6 3
6:30 3 7 27 58 90 80 70 58 55 317 28 10
7:30 | 47 70 109 147 183 156 14bH 140 187 1p8 B7 59
8:30 | 117 146 189 238 253 228 226 217 2P9 172 |37 109
9:30 | 172 205 244 308 321 28[L 297 292 2F9 238 |76 145
10:30| 220 250 281 350 35¢ 32b 318 343 3P7 248 P05 171
11:30| 250 274 297 372 38] 33p 349 3%0 33 263 P23 194
12:30| 257 264 306 367 371 348 396 342 3p4 268 P17 P08
13:30| 240 254 276 339 341 31y 295 319 2p9 219 06 193
14:30| 199 221 245 284] 303 28p 290 270 2p9 173 |67 156
1530| 139 170 191 217, 238 21p 211 234 187 122 110 105
1630| 69 104 127 151 164 159 149 197 115 95 43 40
17:30 9 30 46 60 77 75 82 68 39 5 1 ]
18:30 1 4 12 15 16 7 1
Daily average
(KWh/m 2-day) 1.72] 199] 234 2.90| 3.14 2.83 276| 2.79] 254 191 160 139

3. Estimation of GHI

Solar radiation data are necessary to design andp®f solar devices, bu in the
developing countries the number of solar radiatoeasuring stations is not large.
Prediction of solar radation may be done usingeusilogical parameters as most of the
paramereters are correlated in nature.
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Angstrom developed a correlation equation betweea dolar radiation and sunshine
duration as

_H :a+b£

H/H,is the ratio of monthly averaged daily GHI to midgt averaged daily

extraterrestrial radation on a horizontal surfa@ N is the ratio of monthly averaged

daily sunshine hours to monthly averaged day lenglirs anda,bare correlation
coefficients.

Using the measued sunshine duration and globahtied data at RERC, Dhaka
University for September 2002 to Apri 2005 Angsiracorrelation is followed. It has
been found that better correlations are obtaindsihnual fits with March to Septem ber
(summer) in one growp and October to February émnin another group are made in
place of annual fit of data. The fits are showntle following graphs along with R

values.
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Figure 1: Correlation between monthly/N andﬁ/ﬁ0

For estimation of GHI the annual rms error is 0\BKm 2-day andthe percentage error is
3.5%.

Cloud cover is a drect specifier of sunshine doratand they are correlated. An increase
in cdoud cover shows a decrease in sunshine daratiblizing this correlated nature, if
sunshine duration data are not availabe or if simesdur ation data are not satisfactory for
some locations, cloud cover datais usefu to ptedinshine duration for those locations.

Estimation of sunshine duration from cloud covearadaas been done using the state of the
sky technique of Barbaro et. al.. The relative Bumes duration and state of the sky are
related by the following equation-

n _ an, +bn,+cn,

N’ Nizs3
W here, n is the number of clear days2 is the number of mixed daysé is the num ber

of overcast days in a month, _=n +n +n_  is the total number of days in the month

under considerationa, b,c are climatological parameters amMd is the period when the
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Campbell-Stokes sunshine recorder remains sengiviee the representative day for the

£0s85- sinf sind

arccosf
month and N¢= cosf cos/ . fis the latitude of the station ands the

75

decdlination.

The nunber of clear, mixed and overcast days inoatim were determined according to
table 3 following Barbaro.

Table 3: Classification of the days of a month

Cloud cover| Type of day
amount (in Octa

0-2 Clear day
2-4 Mixed day
4-8 Overcast day

The correlation has been applied for 1992-2003, datagrouing sunshine duration and
cloud cover measuring stations accordng to themual rainfall. Annual rainfall of

3 250mm has been considered as the criterion for higifaih stations and <2500mm
annual rainfall for low rainfall stations. The p@areters for sunshine duration and cloud

cover data of 1992-2003, are given in Table 4.

Table 4: The climatological parameters and standardle viations of n

Station’s rainfall Oct- May Jun Jul Aug Sep| Std. dev. of
status Apr n (Hours)
Values of ¢

High rainfall s 0.35
0.5 042| 0.32] 0.3 033 0.4
a=0.9, b=0.7 i

Lowrainfall i 0.29
a=0.85, b=0.7 0.5 0.5 0.35( 0.32 0.3 04

For estimation of sunshine duration from cloud cave annual average rmserror is0.32

hous/day and percentage error is 5%. This waldleo an additional error of 2% in GHI
estimation.

Banglade sh Meteorological Department (BMD) has Gdshine duration and cloud cover

measuring stations. For all the stations the yeaaiations of sunshine duration and cloud
cover have been studied as they are correlatednbat of the stations these variations are
satisfactory but for a few are not may be due placement of the sunshine recorders on
the ground level, for the shadng or for unsatisbac alignment of sunshine recorder. For

these gtations having unsatisfactory sunshine iduratata estimations, average of the
estinated and measued values were calculated tlomd cover data. For all these

stations GHI values were calculated from sunshiamtbn for 1999-2003. The values of

the sunshine duration and GHI have been placedwrBangladesh maps and are shown
in the following figures.
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Figure 2: Annual sunshine duration available Figure 3: Annud Measured and Estimated GHI
at BMD measuring stations at RERC and BMD stations

4. Validation of GHI estimation technique
The correlation parameters have been employediddragradation estimation at Bogra,

Chuadanga, Rangamati and Satkhira stations fornfeonths, for which daily sunshine
duration and global radiation data are available.

For all the measured values available out of Dhgdwee a rms error of 0.4 kWh?miay
and 4% annual error for estimation. Typical monthdjue s are given in Table 5.

Table 5. Measured and estimated values of GHI for few stations outside Dhaka

Station name
Years| Months Satkhira Bogra Chuadangg Rangam afi
Meas. Est. Mead. Est. Meas| Est. Meas. Est.
2005 Jan 3.31 3.33 291 3.14 3.08 3.2 4.09 3|78
Feb 443 | 4.43 414 438 4.39 444 4.63 4)68

5. Model computations of GHI and maps

1. National Renewable Ehergy Laboratory (NREL), USA

National Renewable Energy Laboratory (NREL), USAialeped a Climatological Solar
Radiation (CSR) Model (SWERA websitaitp:/swera unep.nptfor Bangladesh to
provide monthly averaged daily total solar reso (thh/mz) averaged over surface cels
of approximately 40 kmx 40 km in size. CSR modeddisnformation on cloud cover,
atmospheric water vapor, trace gases as well aarntoant of aerosols in the atmosphere
and NREL calculated monthly averaged daily totaoiation for January 1985 to
December 1991. The modeled values are accurateppooximately 10% of a true
measured value within the gid cell The local daiover can vary significantly even
within a single grid cell as aresult of terrairfeefs and other microclimate influences.
Furthermore, the uncertainty of the model estimatgsease with distance from reliable
measurement stations and with the com plexity oftéheain.
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2. Geman Aerospace Center (DLR), Gemany

The high resolution (10kmx10km surface cell)) sotadiation assessment of DLR is
based on data of a geostationary satellite, Mete®gd-5). M-5 has its position at 0°

latitude and 63° East longtude. This satellitensctdne specific area every 30 minute s with
a spatial resolution of 5kmx5km.

This model takes into account information about ¢loauds, data of the most important
atmospheric components that attenuate the radiat®rozone, water vapor and aerosols.
The calculation is based on the method of Pereal €2002) and Ineichen and Perez
(2002) (SWERA website). DLR calculated solar radiatvalues for the years 2000, 2002
and 2003 over the country. 3 annual and 36 moravdyaged daily total sums of GHI and
DNI were prepared for each 10km x10km georefererpigel. DLR has also prepared
houly time series for several 10 stes.

The complete database (ESRI Shapefile and MS-Acdatshase) can be downloaded
from the SWERA-homepage.

Table 6: Sites for which times seilies data are avable

Stations/Siteg Lat (degree)] Long (degee) Elevation (m)
Barisal 22.75 90.33 2
Bogra 24.85 89.37 18
Chittagong 22.27 91.82 6
Cox’s Bazar 21.43 91.93 4
Dhaka 23.77 90.38 7
Rajsh ahi 24.37 88.70 20
Rangamati 22.53 92.20 69
Rangpur 22.73 92.23 33
Satkhira 25.72 89.08 4
Sylhet 22.90 89.88 34
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6. Model and Measured GHI values
Measured values for RERC and computed values ofae¢lshown in Table 7.

Table 7: NREL, DLR and RERC values of GHI for Dhaka

Radiative Transfer Models Measured data
Month NREL DLR 1987-89 1992 2003-'05

(1985-91) | (2000,’02,’03)| RERC RERC SWERA/RERC
Jan 4.18 458 4.29 3.34 3.16
Feb 4.68 481 4.86 4.05 4.46
Mar 5.55 5.31 5.53 5.24 4.88
Apr 5.65 5.84 5.23 6.02 5.28
May 5.58 5.21 5.67 5.76 5.46
Jun 4.48 3.85 5.13 5.39 422
Jul 3.90 3.76 3.87 4.2 4.48
Aug 412 411 3.92 4.87 412
Sep 3.96 3.76 4.5 5.38 3.78
Oct 4.70 419 4.61 493 3.57
Nov 4.25 4.47 4.22 3.72 3.92
Dec 4.06 4.34 3.89 3.39 3.19
Annual average
(KWh/m?-day) 4.59 452 4.64 4.69 421
Annual
(KWh/m’-cay) 1676 1649 1695 1712 1536

From the table above we find that there is a deerad solar energy over the years. This
has happened also at Calcutta, India, a neighbatiatipn of Ban gladesh.

Table 8: Variation of solar radiation over the yeas forC alcutta, India

Month Measued data for Calcutta
1957-1978" 1992 (Jan)1996(Jun)”

Jan 4.2 377
Feb 5.03 418
Mar 5.79 5.39
Apr 6.32 5.81
May 6.53 5.87
Jun 4.% 471
Jul 4.64 4.22
Aug 4.47 4.34
Sep 4.48 4.32
Oct 4.53 4.26
Nov 4.38 3.66
Dec 4.1 355
Annual average

(KW h/m*day) 4.% 451
Annual

(kWh/m?-day) 1810 1650

IMD: India Meteorological Department
1. A Mani; Handbook of Solar Radiation, Allied Rigbers, 1981
2. Courtesy, TERI, India
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Climatologcal Solar Radiation model values of NRE& well as DLR values of GHI are
in fine agreement with the measued experimentalezaof RERC for 1987-'89. But these
NREL and DLR GHI values are higher than that focerg# years. Monthly ratios of
RERC/NREL and RERC/DLR have been usedto tune tREINand DLR data over the

country.
The monthly tuning factors are given in the tal®e tv:

Table 9: Tuning factors for GHlvalues for NRELandDLR

Month NREL DLR
Jan 0.76 0.69
Feb 0.95 0.93
Mar 0.88 0.92
Apr 0.94 0.91
May 0.98 1.05
Jun 0.94 1.10
Jul 115 1.19
Aug 100 1.00
Sep 0.95 1.00
Oct 0.76 0.85
Nov 092 0.88
Dec 0.78 0.73

GHI maps have been obtained by using tuning fa@osare shown in figwes 4 and 5.
For most of the country NREL and DLR values tunedbhaka data are very similar
(about 2%variation). Estimated values from sunshdoeation agree well with them. But
for extreme eastern and northern regons NREL abhR alues differ a lot; 15-20% in
the east and 9-10% in north. Measured values ofhse duration data are not available
for such locations for comparison. In order to mdluncertainty RERC has developed a
map of 10kmx10km resolution by averaging the NREId ®LR values calcuated for
maps tunedto Dhaka. Figure 6 shows the map atthinewveraging the two tuned maps.
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Fig4: GHI map of NREL tuned to Dhaka data Fig $l@ap of DLRtuned to Dhaka data

Fig 6: GHI map of RER-NREL-DLR showing
averaged NREL and DLR tunedvalues
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Fou monthly RERC-NREL-DLR GHI maps are given ie fbllowingfigures.

Fig7: GHI map of RER-NREL-DLR Fg8: GHI map of RER-NREL-DLR
for Marck for May
Fig9: GHI map of RER-NREL-DLR Fig 10: GHI map of RER-NREL-DLR
for Auaus for November
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7. Estimation of DIF
The monthly averaged daily difuse radiation hasnbed culated using the Angstrom like
correlation

He o cvgft
_ H Ho
His the monthly averaged daily gobal radiation orhaizontal surface,cand dare
correlation coefficients. For best results montégehto be grouped seasonally. The gaphs

are shown in the following figure.
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Figure 11: Correlation between month‘Tj'd/ﬁ an dﬁ/ﬁo

For the correlation data period is Jan’03-AprOfheTannual rms erroris 0.11 le12/-ruay
and percentage error is 4.6%.

Annual averaged daily measured data for Dhaka astichated DIF values for BMD
stations are shown on a map of Bangladesh in flwexiogfigure 12.

Fgure 12:Annual Measured and Estimated DIF for RERC and Bd¢Hlions



8. Model computation of DIF values andmap

NREL compued the diffuse irradiance for 40kmx40lgels with CSR model and

developed annual and monthly maps over Bangladeshd85-'91. The monthly tuning
factorsfor NREL data are given below in Table 10.

Table 10: Monthly DIF (kWh/frday) for Dhaka and t uningfactors for NREL

SWVERA/RERC NREL Tuning factors

Month 2003-05 1985-91 NR EL
January 1.72 1.52 1.14
February 1.99 2.15 0.93
March 2.34 2.52 0.93
April 2.90 3.07 0.94
May 3.11 3.12 1.00
June 2.84 3.40 0.83
Juy 2.74 3.13 0.88
August 2.77 3.01 0.92
Septem ber 252 2.76 0.92
October 1.90 1.77 1.07
November 1.60 1.59 1.00
December 1.38 1.25 1.11

Annual DIF map of NREL tunedto Dhaka together witmonthly maps are given below
in figures 13 to 17.

Figure 13: Annual DIF map of NREL tunedto Dhaka
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Fg 14: DIF map of NRE-RERC Fig15: DIF map of NRE-RERC

for March for May
Fig16: DIF map of NRE-RERC Figl7: DIF map of NRE-RERC
for August for November
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9. Measurementand Estimation of Direct Normal Irradiance (DNI)

Direct normal irradiance (DNI) values can be obtairfrom DHI (=GHI-DIF) and the
solar zenith angle. As solar zenith angle variee dwour and howly GHI and DIF values
are available at Dhaka only, experimental value®Mi is found for Dhaka. For other
meteorologcla staions monthly ratios of measuddl Bnd DNI values for Dhaka have
been considered the monthly zenith angle. The medsONI values for Dhaka and
estimated DNI valuesfor BMD stations are showthafollowingfigure 18.

Figure 18 Annual Measured and E stimated DNI for RERC and BMi&tions

10.Model computations of DNl and maps

1. NREL model
The model is based on the method described byf&irthe calculation of direct radiation

perpendicular to the suface with a few modificasiGcuch as the use of a correction factor
for the distance between Sun and Earth, and the ofsdeckner's formula for
transmittances of water vapor, ozone and other gpimesic gases (Igbal, 1983). The
aerosol transmittance is parameterized usingthgstkan's method.

ThefTmis the extraterrestrial irradance at the mearadist between Sun and Earth for the
wavelengt A7Jis the correction factor for the distance Sun -tlEfhis the solar zenithal

angle an%irepresent the transmittance functions for the tmdaprocesses: Rayleigh
scattering, scattering and absorption by aerosdirption by water vapor; absorption by
ozone and absorption, respectively, by, @hd CQ gases (SWERA web site).
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2. DLR model
The calculation ofDNI bases on the clear-sky model of Bird and Hulstrd8() as
described in Igbal (1983) which was modified by iBiciys et al. (2004) for taking into
account cloudy conditions with
DNI = 09751X ) X o X cac X 0,0n™ v X ae X uic X
Each atmospheric transmittance coefficiénts calculated sep arately using atmospheric
input data (SWERA website).

Ozon

The clear-sky radiation is calculated each 20 neim({L0,30,50 minutes of each hour) for
the maps and each 5 minutes (5,10,15, ...,55,60 ndrasieh hour) for the time series. The
influence of the clouds is taken into account hgutherefore all maps (monthly and
annual average daily sums) and time series aredbasean hourly calculation of the

radiation. The DLR -model output f@NI is for 10kmx10km spatial resolution where for
NREL it is 40km x40km resolution.

The monthly tuning factors for NREL and DLR are wiman the following Table 11.

Table 11: Monthly measured and model DNI vaIues(KMf—day) for Dhaka

Tuning Tuning

SWERA/RERC| NREL DLR factors factors

03-05 198591 00 0203 NREL DLR
Jan 2.58 4.78 6.42 0.54 0.40
Feb 4.02 3.94 5.48 1.02 0.73
Mar 3.62 4.23 5.35 0.86 0.68
Apr 3.13 3.35 5.77 0.93 0.54
May 3.09 3.15 4.30 0.98 0.72
Jun 1.81 1.35 2.31 1.34 0.78
Ju 2.15 0.99 1.89 2.18 1.13
Aug 1.88 1.45 2.34 1.29 0.80
Sep 1.85 1.67 2.57 1.11 0.72
Oct 2.59 4.64 3.94 0.56 0.66
Nov 4.13 461 6.24 0.89 0.66
Dec 3.24 5.33 5.88 0.61 0.55

The DNl mapsof NREL and DLR tuned to Dhaka dagasirown in the following figures
19 and 20. Figure 21 represents the RERC produdddviap by averaging the NREL and
DLR data. Figures 22 to 25 are four monthly RERCENL®D LR DNI maps.
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Fig19: DNI map of NREL tuned to Dhaka dataFig 20: DNI map of DLR tunedto Dhaka data

Fig 21: DNI map of RER-NREL-DLR, showng
averaged NREL and DLRtuned maps data
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Fg 22: DNImap of RER-NREL-DLR Fig23: DNl map of RER-NREL-DLR

for March for May
Fig24: DNl map of RER-NREL-DLR Fig25: DNI map of RER-NREL-DLR
for Augus! for Novembe

11.Estimation of Tilted surface radiation
Flat-plate solar collectors absorb both beam affds# radation components of solar

radiation. To use horizontal total radation dataestimate radiation on the tilted suface
plane of a collector of fixed orientation, it iseessary to know R, the ratio of total

Section 34



radiaion on a tilted surface to that on the holiabaurface. The amount of solar radiation
faling on a tilted surface is the sum of the beand dffuse radiations falling directly on
the surface and the radiation reflected on theaserfrom the surroundings. If one knows
the tilt factor for a specific tit angle for alatéon then he can easily estimate what will be
the radiation on the tited surface for Solar Ho8ystem.

The ratio of the beam radiation falling on a titeuatface to that falling on a horizontal
surface is called the tilt factajR, for beam radiation. For the case of a tilted swfa
facing south in the northern hemisphef§, and is given by
_ cogy _sindsin(f - b)+cosdcoswcos( - b)
= coyy, - sinf sin d+ cosf cosd'cosw
where,q is the angle between the beam radiation on a sadaa normal to that surface,
g,is the zenith anglef is the latitude, 6 is the tilt ange,¢is the declination for the

average day of each month,sthe hou angle for the tilted suface for therage day of
the month.

Thetilt factorR, for dffuse radiation is the ratio of the diffusadiation falling on the

tilted surface to that falling on a horizontal suré. The value of the tilt factor depends
upon the distribution of diffuse radiation over téky and on the portion of the sky dome

seen by the tilted surface. Assuming that the skaniisotropic sou ce of dffuse radiation,
we have

R, = (1+cosb)[2
Assuming that the reflection of the beam and défradiations falling on the gjoundis
diffuse and isotropic and that the reflectivity 4s the tilt factor for reflected radiation is

given by

R =r@- cosbh)/2
wherer is the suface abedo. The monthly surface albealoes are employed from
NASA andthese lie between 0.12 and 0.16.

Thus the hourly tilt factorRcan be given by

H H H
R=—YL=(1-—¢ +—4 +
o ( H R, o W tR
Table 12:Hourly Tilt factors for Latitude tilted south fad ng surface at Dhaka

Hour angle +75 +225 +37.5 +525 +67.5 + 825 +975
Jan 114 1.15 116 1.17 120 1.37
Feb 112 1.12 112 1.13 114 1.21
Mar 1.05 1.05 1.05 1.04 1.02 1.00
Apr 0.99 0.99 0.98 0.97 0.95 0.93 0.95
May 0.96 0.96 0.95 0.93 091 0.89 0.97
Jun 0.95 0.95 0.94 0.92 0.90 0.88 0.78
Jul 0.95 0.95 0.94 0.92 0.89 0.86 0.76
Aug 0.97 0.97 0.96 0.95 0.93 0.89 0.82
Sep 1.00 1.00 1.00 0.99 0.98 0.9% 0.70
Oct 1.06 1.07 1.08 1.08 1.08 1.13
Nov 117 1.17 1.19 1.22 1.27 1.62
Dec 119 1.21 123 1.26 1.36 1.53
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Tilt angles should be chosen so that the solarcdsvcan get significant available solar
radiation. In sunmer the sun’s path is short arsthiit es almost on the zenith at noon. But
in winter the sun path islong and it has a patsel to horizontal at noon. Hence if we
keep the solar device horizontal in summer it gét more sunlight at noon and if we keep
the device tilted in winter from the horizon it Wget more sunlight. One can also track
the sun both in the sun’s direction of path andtthmee of the day. In Bangladesh a study
shows that if one smply change the tilt angle(aotfér winter (Octo ber- Fe br uary) and10
for summer (March-September) then he can achiegreehtilt factors.

Table 13: Hourly Tiltfactors for 10 and 40 degree combinati  on south facing tilted surface

at Dhaka
Hour angle £75 £225 +375 +525 +67.5 +825 +975
Jan 1.16 1.17 1.19 1.21 1.26 1.4
Feb 112 1.12 113 1.14 1.17 1.29
Mar 1.04 1.04 1.03 1.03 1.02 1.01
Apr 1.01 1.01 1.01 1.00 0.99 0.9 0.99
May 1.00 1.00 0.99 0.98 0.97 0.9% 1.00
Jun 0.99 0.99 0.99 0.98 0.97 0.9 0.92
Jul 0.99 0.99 0.99 0.98 0.97 0.9%5 0.91
Aug 1.00 1.00 1.00 0.99 0.98 0.97 0.93
Sep 101 1.01 101 1.01 1.00 0.9 0.88
COct 1.04 1.04 1.06 1.07 1.07 1.16
Nov 1.19 1.20 1.24 1.28 1.38 1.3
Dec 1.24 1.26 1.29 1.36 152 1.79

To estimate monthly average tilt factor Liu an dddor propo sed the following e quation

R=Hr_ 4.
H

—Rb+

Hy
H 2 2

Hg 1+cosbh 1- cosb
Al +r
H

Here for a south facing suface

R = Hor _ cosf - b)cosdsinut+(p/18Qugsin( - b)sind
h = — =
Hb cosf cosd'sinw, +(p/18Qw, sinf sind

where, w;is the sunset hour angle amef is the sunset hour angle for the tilted suface fo
the average day of the month, which is given by

cos ‘(- tanf tand),
cos’(- tanf - b)tand)
where “min” means the smaller of the two itemdia tracket.

we=min

S
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Monthly tilt factors are given in figure 26
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Tilt factors
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|— 49— - Latitude angle tilt 10 and 40 degree combination tilt factors

FHgue 26: Monthly tilt factors for Dhaka

To find the tited surface radation one has totipiyl GHI data by tilt factor. From the
above figure 26 it is clear that the tatal radiatia@ll decrease if one keeps the surface at

latitude tilt ange in summer season at Dhaka. dohggher values from the solar system
one may practice to tit the suface, two timesrdlie year as above tilt angles.

For BMD stations for which monthly GHI and DIF vakihave been estimated from
sunshine duration, monthly tilt factors for lateudlted suface have been computed and

are shown in the following figure 27.

Figue 27: Annual Tilt factors for Latitude titedrface for all BMD stations

Section 37



12.Model computation of tit factors

For estimating irradiances on latitude tilted scefa over Bangladesh, NREL used the
algorithm developed by Hay and Daves. The latittitled surface radiation map hy

NREL is shown in the following figure 28.

Figure 28: Annual latitude surface radiation by NRE
13.Typical Meteorological Year (TMY) by NREL

A representative database of weather data for tieafd duration is known as Typical
Meteorologcal Year (TMY). A TMY is a data set obunly values of solar radiation and
meteorologcal elements. It consists of monthsceetéfrom individual years concatenated
to form a complete year. TMY is defined as a yeaiciw sums up all the climatic
information characterizinga period as long asniean life of the system.

NREL generated the TMY dataset from hourly GHI, DONI, relative humidty, wind
speed and ambient temperature. They developed Ni¢ Falues for 8 stations over
Bangladesh. The stations are given in the Table 13.

Table 13: Sationsfor which TMY has been developed

Station Lat Long Bev

RANGPUR 25.73 89.23 34
BOGRA 24.85 89.37 20
SYLHET 24.90 91.88 35
ISHURDI 24.13 8.05 14
DHAKA 23.77 90.38 9
JESSORE 23.18 8.17 7
CHITTAGONG 2.27 91.82 6
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The values of TMY GHI for Dhaka are givenin Talke

Table 14: TMY values of GHI

Y ear NREL

Jan 1980 4.19
Feb 1989 4.95
Mar 2002 5.48
Apr 1987 5.83
May 1985 554
Jun 1989 4.95
Jul 1999 4.48
Aug 1997 473
Sep 2000 472
Oct 1988 4.66
Nov 1997 418
Dec 1996 398
Annual average

(kWh/mP-day) 481
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Section 3
ASSE SSMENT OF BANGLADESH WIND RESOURCE

Introduction

For wind energy utiization in Bangladesh, suffitienformation on wind speed and
power density is not available. Some measuemeavs been done and some are going
on at around 10-30m above the surface of the duattheliable data are not available at
50m height which is a preferred hub height for mamyd generators. Under the “Solar
and Wind Energy Resource Assessment (SWERA) — Bdagh” project, a part of the
global project of SWERA funded by UNEP / GEF, thaMM (Karlsruhe Atmospheric
Meso-scale Model) and WASP (Wind Atlas Analy sis @pgblication Program) have been
used to assess the wind resouce of Banglade skevstoping wind maps for speed and
power density at the height of 50m above the grdemdl with a resolution of 5km x
5km. For this purpose at Renewable Energy Resd@echre (RERC), Dhaka University,
wind data have been collected from different souurbeformation on surface roughness,
obstacles cose to monitoring stations and terfairthe locations have been obtained by
visting the measurement sites and WASP, a micatesmodeling tool, has been used to
predict and develop wnd atlas for selected locatidRI SOE, Denmark has done KAMM
analysis and a cross validation between the W Asiy/ sis at RERC and KAMM studies
has been made to generate final wind resource mag Bangladesh.

Wind Speed Measurement in Bangadesh

A previous study showed that for 31 wind monitorirsations of Bangladesh
Meteorologca Department (BMD), situated in buwiph areas, wind speed is low near the
ground level at the height of around 10 meter. @96t97 under the WEST project
Bangladesh Centre for Advanced Studies (BCAS) thhsupport of Local Government
Engineering Department (LGED) measued wind spexeddrection at 25m height for
seven locations near the seacoast. GTZ, a Germngani@ation, also measured wind
speeds for another three coastal location at éhtheif 20m. Bangladesh Coundil for
Scientific and Industrial Research (BCSIR) measungtl speed for Dhaka (inland),
Teknaf (coast side) and Saint Martin (island) lmwes from 1999-2001. Presently LGED
is measuring the speedand direction at 20 locatabiover Bangladesh under the WERM
project at heights of 20 and 30m. In 2004, BP DB eéomward to install a grid connected
wind generation system after getting some data ftber wind mast at 50m height at
Feni. The data areyet to be validated

Wind Speed Data

For the wind energy assessment study in the coagtak, data have been collected from
different organizations and table 1 shows the stefuhe collected data and figurel shows
the locations of wind monitoring stations. Agaiblea2 shows the geographical positions
and heights of the anemaometers at the wind mongddcations in the coastal areas with
their averaged wind speed values and measurinageri
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Table 1: Status of the collected data

[Oraanizations | Interval] MeasuingInstrumdnt Anemtene Collected by RERC
Height
{BMD 3 houly |Cup anemometervvi'ﬁkromd 10m 3 hourintervals
mechanical / electric (1981 — 2001) for
recorder m ost of the stations
BCAS 10 Cup anemometer with25m The rawdata has
(WEST Project)minue |data logger (Campbe]l) been collected
GTZ 10 Cup anemometer with20m Monthly average
(TERNA minue |data logger (WICOM wind speed data.
Project) EL)
|BCSI R 1hou | Cup anemometer WTZO and 30m Monthly average
data logger daily wind speed
Table2: Measured wind speed at different heightspaces in the coastal areas
Organizations  Location Position ~ Anemometer Ave Speed Measuring
Height (m) (m/s) period
Lat Long
BMD Monda 2233 89.60 10 1.5 19912000
Khepupara 2199 90.22 15 1.9
Patuakhali 2235 90.34 12 1.1
Bhola 2269 90.64 10 0.6
Hatiya 2243 91.10 10 *x
Sitak unda 2358 91.70 10 *x
Sandwip 2248 91.43 10 1.6
Chittagong 2227 91.82 5 2.4
Kutubdia 2181 91.85 14 1.7
Cox's Bazar 2144  91.97 13 1.9
Teknaf 2086 92.29 7 0.8
BCAS Kuakata 2182 90.12 25 4.5 0996-08/97
Charfassion 2219 90.83 25 4.0
Noakhali *x *x 25 2.9
Chittagong 2220 91.78 25 3.8
Kutubdia 2186 91.84 25 4.4
Cox's Bazar 21.70 91.96 25 3.2
Teknaf 2085 92.27 25 2.8
BCSIR Teknaf 2085 92.28 10 3.5 0101-04/02
Sant Martin 2063 92.32 30 4.7
GTZ Feni * * 20 4.0 06/96-05/97
Anwara ** *x 20 4.4
Teknaf *x *x 20 4.3

** mssing data
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Fgure 1: Wind monitoring stations in Bangladesh
Data Analysis

Twenty years (1981 — 2000) of BMD data and one ¥&apt96 — Aug97) of BCAS raw
data has been usedfor the analysis. BMD has 3ihteawal data where for BCAS it is 10
minute. BMD data was measured by manual recordihgretas BCAS measured using
electronic data logger for digtal recording. Foher organizations, time series data are
not availabe for WAsP analysis.

As BMD has the measured data for a long periodaildd analysis has been done using
the BMD data and figure2 shows the variation of dvBpeed for BMD locations during

the period of 1981-2000. It has been found that B¥dPa gves low values due to the
obstacle effect by trees and buldings close tanibeé stations. Daily and monthly analy ses
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have been done for the BCAS locations andfigueBvs that the seasonal effect is quite
strong in Bandadesh. Duing monsoon period (Makug), wind speed is high and for
the rest of the year it is low. Figure4 shows thendl variation for two of the coastal
locations. Maximum wind speed appears in the aft@mnand minimum in the early
morning over the day. Hgure5 shows the speed f8ASB locations and nearby BMD
stations.

Figure 2: BMD measured wind speed for the perioX3&1l — 2000

Monthly variation of wind speed
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Figure 3: Monthly variation of wind speed for filB&ECAS lo cations at 25m height
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Figure 4: Diumal wind speed variation of two c@hdbcations for different months at
25m height

Figure 5: Average wind speed for BCAS (25m heigimtgl BMD (10m height) locations
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Wind Energy Assessment - Techniques

Logarithmic and Power Law

Groundlevel obstacles such as vegetation, buljiagd topogaphic features tend to
slow the wind near the earth surface. Snce theceff these obstacles decreases with
height above ground, wind speeds tend to increaile height above gound. This
variation of wind speed with height which is callemhd shearcould be described with
two mathematical mocdels: power law and logarithiae.

The wind speed profile or the change in wind speittd height is found to be given by the
power law

N T €
Vl Zl

Here is power law index, Vand \; are speeds at height Zanemometer) and,Zhub)
respectively. This law fits data quite accuratay limited ranges of heights for example
between 10 and 100m bu not between 1 and 100myvdlue of power law indexp of
power lawis equal to 1/7 and this 1/7 power lawrba considered as a special case of
the exponential relations for high suface windesp&Vind speed researchers, however,
have found that in practice the power law exporgggends on temperature, season,
terrain roughness, and several other factors.

Again the air low between the lower atmosphere tatid/e getation changes the elevated
postion of the active surface as shown in Figuran@l therefore the logarithmic wind

profile, V :%Inzi, given in should be modified as;
0

Y ¢
It

where U is termed the friction velocity which isuabto
r

Z,
, tis the surface sharing

stress representingthe force exerted on the sutdathe air and isthe density of air, Z
is the height andZis the aerodynamic surface roughness hejid,called zero plane

displacement ¢ :2—;) andh is the height of the vegetation stand. The valu&pfor

different types of surfaces varies widely betweections of a cm to a meter. Ratio of
equation 2 for two heights may be then used tomede the wind speed for predcted

height.

From the raw data analysis it has been found thethourly and monthly wind speed
variation in coastal part of Bangladesh is veryhmag d therefore power density seems to
be prospective but power law will not be good erfotm use for wind speed prediction.
Site vists were done for most of the BMD and BC&&ions near the coast to collect the
details on surface roughness, land use informatiemain information and condition of
surround obstacles. Surface roughness values akes tfrom the land use information
and log law used to predict the wind speed at 28ighh for the BCAS location using the
data from nearby BMD stations which have been shiovine table3;
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Table 3: Measured and predcted wind speed (m/@5at height for BCAS locations
using BMD data and log lawfor the period of Sept&@@&ug97

Kualata Charfassion Patnga Kutubdia Teknaf

Month BMD M P BMD M P BMD M P BMD M P BMD M P
Sept 1.3 36 3.0 0.7 33 1.9 21 34 33 11 357 0.6 35 14
Oct 1.0 22 24 0.9 3.7 23 26 3.2 4.2 1.2 40 28 0.5 313
Nov 0.5 19 11 0.4 *E o kx 06 26 1.0 0.8 3.2 91 0.4 23 0.9
Dec 0.7 34 1.6 0.5 31 1.2 10 30 15 11 327 0.4 1.4 1.0
Jan 0.8 32 1.8 0.6 28 1.6 10 33 15 1.2 329 0.7 21 17
Feb 0.8 34 1.9 0.7 27 1.8 13 27 21 1.3 331 0.7 19 17
Mar 15 48 3.6 1.1 35 3.0 26 3.1 4.2 15 3.36 0.8 23 2.0
Apr 1.4 49 34 1.0 3.3 27 20 29 3.2 1.3 3.20 0.7 1.7 17
May 2.6 63 6.1 1.8 4.8 4.7 40 50 6.3 2.0 487 14 3.1 36
Jun 2.9 73 6.8 1.6 58 4.4 44 58 7.0 2.7 503 0.7 33 17
Jul 24 73 5.7 1.2 52 33 52 5.7 8.2 2.7 6.2 63 0.8 4230
Aug 3.1 o wk 1.6 52 44 45 49 7.2 21 5.3 05. 0.8 40 19
Ave 1.6 44 3.4 1.0 39 29 26 3.8 4.1 1.6 438 0.7 28 1.7

Where MandP represent the measured and prediateds and ** for missingofraw data

Comparison between measuwed and predcted valaded) shows a remarkable
difference. It may be assumed that the quality bflBdata is not good enough as it
records manually at 3 houw intervals and the l@retiare surrounded by lots of obstacles.
In case of BCAS, stationsare close to the coastalshore area with fewer obstacles. The
effect of obstacles is shown in Fgue7. The anem@mmast for BMD stations is also
placed on the top of the roof of the met statiansypical BMD met station and a BCAS
station are showing in figure8). The useabe heighthe anemometer for met stations
buildings are another problem to predict wind speisidg log law. Also terrain and
direction wise roughness effects are other probl@nealculation. All of these effects are
not considered in the log law analysis. So, prexicanay not be accurate enough.

Figure 6. Position of the active surface due totedetation Figure 7: Effect of obstacles

(a) (b)
Figure 8: @) BMD met station buildng showing thesjion of anemometer on the roof
and b) a BCAS monitoring station
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Energy Assessment using WAsP (Wind Atlas Analysisid Application Program)

W ASP is a state of the art modeling tool which reegitime series data. It is based on the
physical principles of flow in the atmospheric badary layer and takes into account the
effects of different suface roughness conditiameltering effects due to buildings and
other obstacles, and the modfication of the wimghased by the specific terrain height
variations around the met station. Latitude, londgt and anemometer height are the pre-
requirements to input the data for any locationngidering the effects for obstacles,
roughness and terrain the WAsP develops a wind &ilaa region around (10x10) Krim
area. FHgure9 shows the WAsSP methodology to geeeegional wind climatology or
wind atlasandto predct wind climate over theaag

Figure9: WAsP methodology

Models for obstacles, rouchness andterrain_effect

In the WAsSP, base map of any location is used tavdihe roughness and contour lines
according to the land use information and terrascdption of the location. Based on the
surface characteristics and corresponding roughuaBges, roughness models both for
BMD and BCAS locations have been developed by W Adiese roughness models show
that the roughnessvalue for coastal areas liégimeen 0.001 and 0.03 m and as the met
station is situated within a bult up area, thegioness value lies in between 0.1 and 0.4m.
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It may be mentioned that WAsP develops the roughmesdel considering the land use
information around 5 to 10 km area for all dirensdrom the point of interest.

For BMD stations as the mast ison the roof ofibiding (mentioned above), according
to Lars Landberg's study “The mast on the Housd"efiect has been introduced in the
WAsP model by modifying the ground into 1:5 slopsdat is done by drawing two

separate closed contour lines one for the buldieight and another one for the ground

height above the sea level. In this case the anesteonheight to be used shoud be its
height from the roof.

Again, the BMD sation is situated in an inhabikedality andthe sheltering effect, due to
obstructions for wind flow by buildings and treelwse to the met station, is to be

considered for that location. The height and degthn obstacle, its anguar postion and
distance from the monitoring mast and the porogbyl) have to be taken into

consideration to develop the obstacle model. Is thodel, the obstacles that are found
within the slope (1:5) range with heights equabtdess then the height of the met station
need not be considered. For BCAS location, o bstaale very less than that of BMD and
there are only some rows of trees with low dendfigures 10, 11 and 12 show the
roughness and obstacle models that are developeédeinVAsP progam and terrain

information that are used.

Figure 10: Roughness modd for Kuakata BCAS guieill:Obstades model for Kuakata BCAS

Figure 12: Terran or contour map of Cox’s Bazaaloon that are used in WAsP
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Using the logarithmic wind profile, surface-lay @ndarity laws, geostrophic drag law and
the geostrophic wind, the stahility model, the tougss change model, shelter model, the
orographic model from the terrain information an@lgzing the time series raw data of
wind speed and direction W AsP shows the average gpeed, power density, frequency
response, wind rose and then a wind atlas/regiairadi climate in the form of Weibull
parameters.

DevelopedWind Atlas

After analyzing the artificial hill effect due ttve¢ met buildng, effect of obstacles close to
the anemometer mast, roughness of the localitytamdin information the monthly and
annual wind atlas for the coastal locations havwenbdeveloped using 1 year (Sept96—
Aug97) as well as10 years (1991-2000) three haimle series dataof BMD and 1 year
(Sept96-Aug97) 10 minute interval time series addt8CAS. A comparative study was
done between the measured and predcted valu8M@ and BCAS locations from the
developed wind atlas using 1 year data for bottheflocations (table5). It was found that
the obgtacles, terrain and roughness effects age tair BM D stations and data are
manually recorded for 3 hourly intervals and therefwind atlas obtained by BMD data
was not accurate enough compared to that of BCASABwind atlas gives lower
prediction of power density than that of BMD. THere, for conservative prediction wind
atlas developed using 1 year data of BCAS has been for further assessment. The
prediction should become more accurate if data \weadable for alonger period

Table 5: Measured and Predcted values of wind ey and power density (P) for
BMD and BCAS locations for the period of Sept96-8udor Kutubda.

BMD (13m) BCAS(25m)
Month | Measured Predcted Measured Predicted
(U/P) (using atlas developed by (U/P) (usingatlas developef
BCAS data) (U /P) by BMD data) (U/ P)

Jan 1.4/03 1.6/04 3.8 /059 3.5/055
Feb 1.5/04 1.5/04 3.5/044 3.5/053
Mar 1.7/12 1.8/09 3.9/086 4.0/102
Apr 1.5/06 1.6/08 3.6/074 3.1/057
May 2.6/68 2.3/23 5.0/183 4.8/332
Jun 2.6/51 2.7122 6.1 /207 5.2/393
Jul 2.6/33 2.9/23 6.3/224 5.2/ 251
Aug 2.3/21 2.5/20 55/182 4.4]148
Sep 1.4/03 1.6/06 3.6 /053 3.0/037
Oct 1.5/09 1.8/11 4.0 /097 2.8/059
Nov 1.1/02 1.5/03 3.5/036 2.7/035
Dec 1.4/03 1.5/04 3.7 /049 3.6/071
Annual | 1.9/24 2.0/14 4.4/125 4.3/190

Table6 shows the wind speed and power density aB@550 and 70m heights for four
roughness conditions which have been taken from démeloped wind atlas for the
locations. It shows that wind speed at 50m heightafl the locations varies from 4.0m/s
to 5.8m/s for the coastal sea-shore areas (roughime etween 0.00-0.03m). Power
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density at the same height also shows that sombeofocations are qute potential for
wind generators. Figuel3 shows the frequency ibigion and Weibul parameters for

the locations at 50m height with a roughness vafu®.03m. It is also found that the
W eibull shape factor for the coastal areas var@asfl.59 to 1.89.

Table6: Predicted Wind speed (Sp in m/s) and Podsrsity (PD in W/rﬁ) in three
prospective coastal locations for different heigirsl roughness conditions obtained from
the developed wind Atlas for the locations.

Locations Height Roughness
(m) 000 m 0.03m 0.10m 0.40m
Sp/ PD Sp / PD Sp / PD Sp / PD
Kuakata 25 4.9/174 3.7/090 3.3/066 2.8/039
30 5.0/181 3.8 /097 35/072 2.9/044
50 5.3/ 209 43/119 3.9/092 34/061
70 5.4/237 4.6/ 136 4.3/107 3.7/074
Charfassion 25 4.7/149 35/076 3.2/055 2.7/033
30 4.8/155 3.7/ 082 3.3/061 2.8/037
50 5.0/179 4.1/101 3.7/078 3.2/052
70 5.2/ 203 4.4/117 4.1/092 3.5/063
Kutubdia 25 5.4/ 208 4.1/105 3.6/076 3.1/045
30 5.5/218 4.2/113 3.8/084 3.2/051
50 5.8/ 251 4.7 /141 4.3/108 3.7/071
70 6.0/ 286 5.1/165 46/128 4.0/088

Figure 13: Frequency distribution and weibull paeters at 50m height and for 0.03m
roughness value for five coastal locations

Figure 14: Wind Atlasfor Kutubda
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Using the developed windatlas annual wind speathawer density have been predcted
at 50m height for the BCAS locations considering tbughness, obstacles and terrain
effects. WASP predicts wind resource considerirgation wise effects due to obstacles,
roughness, terrain and the measued wind speeaisdt uses the global postion of met
station to consider the effect of geo stropic wind.

Wind Resource Map — selection of goodlocation

The developed wind atlas for the coastal lo catissing BCAS data for 1 year, shown in
tables6 can be used to generate the wind re so @peaindifferent heights with the help of
(100 x 100) M grid cells. W AsP calculates and shows the Webalhm eters, wind speed
and power density for each of the grid cells takintg account the roughness, obstacles
and terrain effects for the desired location. Teed®p a more accurate wind resource map
using WASP, amicro-scale modelingtool, long peéition e series data along with detailed
land use information map (base map) are very essefithe wind resouwrce map for
Kutubda at 50m height is shown in Figure 15 alamith the minimum, maximum and
average values of Weibul parameters, wind speet @ower densty for all over the
island. Monthly wind speed and power density fareehgood locations (TS1, TS2, TS
3), considering only the terrain and roughnesscesfehave been obtained. Asthe selected
sites are close to the sea-shore, it may be exgpéieée trees and buldings may not be high
enough for the obstacle effect. It was found thatsé sites (speed is around 5.5 m/s) are
better than the BCAS location of Kutubda.

Figurel5: Wind resour ce for Kutubdia at 50m height
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Based on the wind data measurement study at diffeseastal locations (figurel, tables 2
and 6) by BMD, BCAS, GTZ, BCSIR and the micro-scahalysis by WASP it is found
that wind speed at 30m height is above 4 m/s fostnod the coastal areas. And due to
large hourly and monthly variation power densitglso higher than most locations having
the same average wind speed. Therefore, most aod®tal areas are good for small wind
turbines with a hub height of 30m (table6). Pradittat or above 50m height (table6),
using micro-scale modeling and considering the hoegs, obstacles and terrain effect,
shows that some areasin Kutubda, & Martin’s,@py Hatya, Charfassion Islands, and
some of the sea-site of inlands like Kuakata, Bawmiuld be more attractive than the other
areas where wind power density is above 200 vand according to the wind resource
classification system these areas should be mamgthfair for large turbines (figurelb).
It may be mentioned that for the first time a 1IMWdgconnected wind electricity
generation system in Feni, a coastal inland, at@¥N wind-solar hybrid system in &
Martin's Idand are now being run, depending onrishione measurement at around 30 —
40m height, which may boost up the renewable basieldconnected and hybrid system
implementation in Bangladesh. But till now we dohdve the performance data from
these systems.

KAMM Analysis

The Karlsruhe Atmospheric Mesoscale Model (KAMM) as3D, non-hydrostatic, and
incompressible mesoscale model. KAMM is abe toasm “stand-alone” model, i.e. the
model can be run by using only the large-scaleirigrin the form of a single vertical
profile of geostrophic wind and virtual potentiahtiperature. Hence, it is not necessary to
nest the meso scale model within a larger mode Irthat supply the boundary conditions.
It uses a technique calledthe statistical-dyn ardoanscaling The long-term large-scale
wind influencing the regon of interest is deterednusing available (NCEP/NCAR)
reanalysis data. This atmospheric meso-scale matieth runs typicaly at 5 km
resolution generates maps of wind resouce and gpedd and direction distributions for
any location within the modeling domain. Detailedl this model is described in
Annexue- B along with the cross validation progedand results of WAsP and KAMM

Analysis. Figuel7 shows how to calculate the lowaid climate usng WAsP and
KAMM result.

Figurel6: Wind Speedand Power Density at 50m héagithe BCAS lo cations
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Figurel7: The combination of KAMM and WASP to cdite the local wind climate

Based on the WAsSP analysis using the data for tlA $ coastal locations and the
KAMM analysis final simulated maps have been geregtdor mean annual wind speed
(figurel8) and power density (figurel9) at 50m heigbove the gound level for the

overall Bangladesh at a resolution of 5km x S5knwal as wind speed and power density
for the roughness condtion of 0.03m (Appendix1)

Figure 18: Annual mean simulated wind speed at 58.griand dso indicating 4 monitoring
stations of BCAS
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Figure 19: Annualmean smulated wind power deredt$0 m a.g.l.

It is found that in the coastal belt areas an ahmean wind speed at 50m height is
estimated to be in between 4.5 to 5.5 m/s. The (figmwrel8) shows that higher wind
speed around 6m/s may be found south of Noakhalstcbetween Sawndip and Hatya
Again a small area near Brahmaputrariver in theldsoof Kurigram shows a higher wind
speed around 5m/s. It may be mentioned that measmtestudy by BPDB at 4 coastal
locations shows around 7m/s wind speed at 50m heigich does not agee with the
W AsP analysisand the resource map developed QRIS

Re comm endation:

1. Long term measurements of wind speed at 50m hesgbtuld be made for
locations where predicted speed is high accordnthe wind resource map and
W AsP analysisin order to go for wind electricigngration.

2. For all prospective areas detailed maps as shovigunel5 should be produced
which requre measurementsand detailed land €ssrimtion.

3. For off grid coastal areas hylrid generation usmrgd and PV or diesel shoud be
started.
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Integration of solar and windinfo into SWERA todkit

A G S based Geo S atial Tookit has been developeBéangladesh usingthe global solar
radiation on horizontal and tilted surface at Ladé angle along with the value for drect
normal incidence at a resolution of (10x10) andk@@ sqgr-km. Wind power densty at
the resolution of 5x5 sgr-km has also been incaajmd along with other related
information like locations of conventional powerapi, road, river network, airport etc.
This toolkit isfree for all and can be found iretBWE RA websitepttp:/swera. unep.net

Figure20: Sarting page of Geo Spatial T oolkit

Figure2l: Viewin Geo Spatial T oolkit
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Section4
Application of SWERA Products

The product, SVERA — Bangladesh Geo Spatial Tootkiaf has been developed can be
used to design any kind of solar and wind energtesy. Here in this part some of the
analy ses have been given as case studies;

Off-grid Hectrification

From the overall assessment of solar and wind gniarBan gladesh it has been found that
some of the coastal part in the southern regionulshde usefu for wind energy
utiization. In terms of solar energy, some impaottéocations over the country have been
considered GHI data for all the locations havenbtsizen and to minimize the seasonal
effects (8 /40) degee combination astilt ange been done.

Different types of com bination for solar, wind amltesel gen-set system have been
considered for the selected locations. Monthly load es have been generated based on
the normalload use information considering CFLpc$ with 20W each, Fan — 2 pcs with
80W each, TV - 1 pc with 80W each and Mobie Chargé pc with 5W each for
household. For 400 household it gives 100 kW peakl with an energy demand of 400
kWh/day. Load demand due to seasonal variatioralsasbeen taken. Figurel and 2 show
the monthly variation of generated primary loadveuand also the houly variation for
two seasonal months. Tablel shows the cost ofreliiteparameters that are chosen as
input for all the calculations;

Figurel: Monthly averaged load demand curve for A@0sehold users

Figure2: Hourly load demand curve for the montha)alanuary and b) Juy
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Tablel: Cost of different component that has beersiclered for the analysis
(Exchangerate $1 USD = 65.00 BDT)

%

%

% %

)

01 ") ! ! $ %

* |

*Considering windturbine of Fuhriander 100 modd)@ kW Capacity)
Other constraints;
Annual real interest rate
Project life time : 25 years

Subsidy (optional) : 15,000 BDT / home

Maximum Capacity shortage : 5%

: 5%

All the case studies for generating 100kW peak dahtbnewable based electrification
system have been analyzed both technically andoecomlly using HOMER and
RET Screen software for some of the important loceticonsidering the same parameter

cost and other constraints which are given below;

Casel: Kutubdia Island — 100 kW Renewable based effrid electrification system

Previous studies and analysis indicates that mbgheo coastal island and

some of the

inland costal areas should be viabe for wind el=ty generation. As Kutubdia is one of

the most promising islands in Bangladesh whichéxallent wind resouce

data for best

location in Kutubdia from WASP analysis is usedhis simulation. Tables 2 and 3 show
resuts of the analysis. It is clear that wind-diesystem should be best for theislands. For

the best locations and also for other prospeclisegs zero emission sy stem

(PV\-Wind or

wind only) can be chosen if excess energy (figuie3jsed to meet other seasonal energy
demand Both the subsidized and non-subsidzedmgsthave been considered For

hybrid systemsonly one desel genset has been takere asfor dieselonly system one
additional genset is needed for continuous runninig.clear from the analysis that hybrid

system is more economical than the diesel onlyesgstNo doubt that
additional im portant environmental ben€fit for thgdorid systems.

there is an

Table2: Technical sizing and economic information different renewable based system
comparing diesel only system for Kuubda Islancemhwind speed is5.5m/s;

System Component Size Initial NPC RE Excess Cost ofEnergy
(BD TTkWh)
(oftgrid) PV | wWind [ DG Capital | (10°BDT) | Fraction| Energy | With Without
subsidy | subsidy
(kW) | (kW) | (kW) | 105BDT) (%)

Wind -Diesel 100 40 2149 31.99 0.85 28 137 316

PVWind-Diesel 10 100 40 24.69 34.21 0.89 30 148 6.81
PV - Diesel 10 65 07.85 42.95 0.10 01 194 20

Diesel only 110 0345 61.08 0.00 27 -— 729.
PV- Wind 50 100 36.12 38.78 1.00 40 17.2 198
Wind only -- 300 45.66 47.78 1.00 73 218 24 4
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Table3: Same as table2 bu for wind speed of 4,0m/s

System Component Size Initial NPC RE Excess Cost ofEnergy
(BD TkWh)
(oftgrid) PV [Wind | DG Capital | (L0°BDT) | Fraction| Energy | With Without
subsidy | subsidy
kw) [ kw) | (kW) | (10°BDT) (%)
Wind -Diesd - 100 60 17.86 4240 0.50 21 19.0 521
PV\Wind-Diesel 10 100 60 21.62 4331 0.54 19 194 202
PV - Diesel 10 -—- 65 07.85 4294 0.10] 01 194 22
Diesel only - -—- 110 03.45 61.08 0.00 27 -— 729.
PV- Wind 70 200 - 55.10 58.43 1.00 43 27.2 29.
Wind only -~ - — — — —

Figure3: Excess Electricity production profile fraawind-pv hybrid system in Kut ubdia

Case 2: For Kuakata — a coastal Inland

Like Kutubdia, same analyses have been done famaortant inland coastal location,
Kuakata. Figure5 shows the detailed electricitydpiion from a PV-Wind system for
Kuakata and the amount of excess energy. Use ot mmaress energy availabe will make
the useful cost of energy lower.

Table4: Same as table3 but output in HOMER for Katak wind speed at 5.5m/s and

without subsidy
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Figure5: Monthly Electric Production for Kuakatarm a PV-Wind Energy system

C ase3: For Rangpur

Rangpu is one of the important locations in thetimyn part of Bangladesh where
different studies showthat windis not viabe Bt Solar may be useful and therefore a
P\-diesel system has been considered for the mliégtgeneration. Figure6 shows the
cost of the system and the usefu cost of energpudd 56% of the energy will come
from solar andthe rest from desel.

Figure6: Cost of dfferent parametersfor a 100kW- dre sel system in Rangpur
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Grd Connected System

As some of the coastal inland parts may be viadlemMnd energy generation and some of
the northern parts are best for solar energy, flererenewable based grid connected

system for both of the locations have been analyzed

Case4:Coastd Inland — Kuakata — Grid connecied Wid Ehergy System

It has been found in the WASP analysis andresauae developed by RISOE that some
of the coastal inland parts may be sutabe forllsmiad energy generation where wind
power density is around 200 WnT herefore a simple analysis has been done faida g

connected wind energy system and table5 showsthdts of that sy stem.

Tabe5: Oupu of RET Sreen for a 100kW Grid conedonind energy system where

wind power density isaround 200 Wim

Nearest location for weather data Kuakata
Annual wind power density W/ 200
Heightofwind power density m 50.0

Wind plant cap acity kw 100
Gross energy produdion MWh 169

Wind plant cap acity factor % 17%
Renewable energy delivered (Annually) MWh 153

Net GHG Redudion (Base case —Diesel) tCO2/yr 171

Initial Cost BDT 18637500
Energy production cost BD TTkWh 514

Energy production cost in table5 indicates thatdlshould not have any doubt to connect
the wind energy system to the national grid in Badgsh. Figure7 also shows that even

the system for the locations having 150 Wimmd power density may be viabe.

Grid Connected Wind Energy System
s 107 9.45
X -
E 8
Q 6 53
B 5.14
g 47
L
5 2
8
o O T T T T 1
0 50 100 150 200 250
Power density (W/m2)

Figure7: Production Cost of Energy at different powlensity in the coastal part of
Banglade sh
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Caseb5: Northern part — Rajshahi — 100kW Grid conneted Solar Ehergy System

Table6: Economic analy sis of a 100kW gid conne@&®&dsystem for Rajshabhi

Grid type - Central-grid
PV energy absorption rate % 100.0%
Overall P V system efficiency % 12.3%
PVsystem cap acity factor % 16.8%
Renewable energy colleced MWh 156.287
Renewable energy delivered MW h 148.473
kWh 148,473
PVarray area m? 704.9
Initial Cost BDT 33,793,648
Energy Produ ction Cost BD TTkWh 09.68
Net GHG Reduction (Base case —Diesel) colyr 16484

Available solar energy for (8 + 40) degree com horat

—1.72 MWh/rflyear

350

100kW Grid connected PV system for Rajshahi
12
10 -
5 | 9.68
oS 96
w x 6 1
s =
o
78 4 24
Q
o 2
O T T T T T 1
0 50 100 150 200 250 300
PV cost (BDT/Wp)

Grid connected PV system for 100kW (PV cost- 300BD T/Wp)

Discount Rate (%)

20
—_ 16.31
S 151
=<
|_
@ 10 68
'i)é 51511
O T T T T T 1
0 2 4 6 8 10

Figure8: Sensitivity analysis due to the change fcost for the grid connected sy stem

Figure9: Sensttivity analysis due to the changedistount rate for the grid connected

system
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Case6: Dhaka - Rooftop Grid Connected System

This case has been considered for Dhaka whered tall apartments is building up day
by day and the roof of that building can be usedgnerate electricity through PV to
supply into the grid. Tabe 7 and 8 show the cdsproduction energy based on the
present market cost of PVmodule and also thetetfeleV module cost with discount rate
for 10kW and 25kW systems.

It isto be mentioned that the first ever grid aected rooftop PV system in Bangadeshis
being placed on the roof of RERC and now waitinrgé&st to successfully run the system
in Bangadeshienvironment.

Table7: production cost of energy from a rooftop gonnected system for different PV
module cost at Dhaka

25KW 10KW
CokE CokE

PV cost (BDT/Wp) (BDT/KWh) (BDT/KWH
300 17.81 18 36
200 12.85 1341
100 7.9 845

Table8: Sensitivity analysis due to the changei®falint rate for rooftop grid connected
PV system at Dhaka

Fa the system where PV costis 300BDT/Wp
29 KW TOKW
Discownt/Interest CoE CoE
rate (BDT/KWh) (BDT/KW h)
10 26.94 27.62
5 17.31 18.36
0 10.61 11.07
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Annexure - A
Further information on energy scenario of Banglades

A 1l. Energy Suppy Sources:

Coal: Bangladesh began its first significant coal prdidac in April 2003 with the
opening of the Barap kuria Coal Mine in Dinajpueanf north-west Bangladesh with an
estimated reserve of about 300 million tons. klamned that 85% of its annual production
of 1 milion ton will be utilized to produce eleiity, the rest will be usedas fuel for brick
making and other purposes. Extraction of coal fmibari deposits lying between 152m
and 246m depth is yet to stait. Feasibilities ohing from other deposits at lower depths
have to be examined.

Oil: Bangladesh contains a small proven oil reserve6d million barrels and produces
around 7000 barrels per day (bbl/d) of which 60Bldas crude oil.

Natural Gas: Natural gasis Bangladesh’'s only sizeable sourcemmercial energy with
total production of 5.5 tcf. Estimates from Petrogla put net reserves at 15.3 tcf as of
mid-2004 (proven reserveis lower)

Hydro: At present only 230 MW of hydro power is utilizad Karnaful Hydro Station,
which is the only hydro-electric power plant opeichty Bangladesh Power Development
Board (BPDB). BPDB is considering extension of Kdhi Hydro Station to add another
100 MW capacity. The additional energy will be gated during the rainy season when
most of the water is spiled. Apart from Kaptai,otwther prospective sites for hydro
power generation at Sangu (LOOMW) and Matamuh &MW) river are identified by
BPDB. Small andmicro hydro potentialis around 20&/. The tatalis 745 MW.

Traditional Biomass: Biomass is the most used energy source in Bangiaddich
accounts for 67% of the total final energy consuorpin Bangladesh. The main sources
of bomassfuels are —

Trees (woodfuels, twigs, leaves, plant residues),

Agricultural Residues (paddy husk, bran, bagasse,stick etc.) and

Livestock (animal dung).

A 2. Energy Demand Scenarios

Two economic growth scenarios (Low Scenario aneieefce Scenario) were considered
to forecast future energy demands as presentedhlile$l & 2. Projected demands for
commercial energy and electricity up to the yea2@@nder both the scenarios are
presented in tables below.

Table 1. Proected Demand for Energy (commercid Blrectridty) under Low economic Growth
Scenario (business as usual)

Year 100 [ 1995] 2000] 2005 2010 2015  20bo
Commercial Energy
Populaion (million) 107 118 130 141 153 161 17f
GNP Growth Rate (%) 4.44 5.25 5.24 544 5.0 6.65 .65 6
Per capita GNP ($) 190 214 242 27k 31f7 3d6 4ba




Energy Coefficient 1.62 137 1.37 1.3 1.08 108 081.
Energy Growth Rate (%) 7.13 7.19 7.18 7.18 718 87 7.18
Per capitause (KgOE) 56 68 92 12f7 15J7 219 2¥2
Total Energy MTOE) 6 8 12 18 24 36 48
Total Enemgy PJ) 256 342 512 769 1025 1587 2050
Energy Produdivity 1259 13.54 16.27 19.76 21.1B 25.45 27.82
(MJ/$GNP)

Electricity
Status in Energy mix (%) 35 37 39 37 33 33 3B
Total GWh 8205 11584 1831% 26063 30994 46491 61p88
Per capitakWh 77 98 141 184 203 28Pp 351
Load factor (%) 55 57 57 57 58 59 60|
Peak Load (MW) 1703 2320 3664 5220 6100 8995 11j94

Table 2 Pmjeded Demand for Energy (commercia éectricity) under Reference Economic
Growth Scenario.

Year 1990 [ 1995 2000| 200% 2010 2015 20P0
Commercial Energy
Populdion (milion) 107 118 130 141 153 164 17y
GNP Growth Rate (%) 4.5 5.4 6.4 7.4 7.1 8.2 8J
Per capita GNP ($) 190 214 254 318 416 540 T4
Energy Coefficient 1.62 1.37 1.37 1.3F 1.9 108 81.p
Energy GrowthR ate (%) 7.34 7.4 8.71 9.46 8.32 886 .409
Per capitause (KgOE) 56 72 94 130 19¢ 249 384
Total Energy MTOE) 6 8 12 19 31 46 72
Total Enemgy PJ) 256 362 531 82y 1314 1979 3055
Energy Intensity 13 14 16 18 20 20 21
(MJ/$GNP)
Electricity

Status in Energy mix (%) 35 37 39 37 33 33 3B
Total GWh 8207 122800 18971 28060 59858 46491 92h02
Per capitakWh 77 104 146 18% 363 28p 543
Load factor (%) 55 57 57 57 59 59 60
Peak Load (MW) 1703 2459 3799 5220 11581 89P5 17B80

A 3. Rural electrification:

Rural electrification isa Constituional com mitner Bangladesh Government. Till 1977
the Bangladesh Power Development Board was resperfeir generation, transmission
and distribution of electric power in Bandadeshdars main operational area was in
suburban load centres. Abou 90% of the popuaitibwast rural areas were practically
without electricity. For the benefit of this vastral people, REB was established through
an Ordnance promulgated on"2@ctober 1977 and the Board started its operatiom f
January 1, 1978. Functions of the Rural Electatiicn Board, as mentioned in the
Ordnance, was to organise the prospective conssinfeglectricity of a selected area to
form a Rural Electric Co-operative called Pally yaitd Samity (PBS).
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The profile of rural electrification is given below

Area coverage / PBS : Around 2000 Sg.Kms
No. of PBS 1 67
Number of villages energized 141,125
Number of 33/11KV Sub-station constructed 1 328
Length of power distribution lines 0 1,73,125 Km
Number of population in Programme Area 1 9,25,18,29
Categoly wise mnnection -

Domestic 1 45,42,099
Commercial : 6,06,666
Irrigation : 1,38,869
Industry : 95,059
Others 112,043

Total : 53,94,736

A 4. Oveniew of IDCO L's Renewable Energy Programme

SHS is a convenient mode of supply power for sraladtrical loads such as lights, radio

and black & white TV. This swply has proved to reliabe and the systems can be
managed in rural areas with a little training. Trhain components of an SHS are a solar
panel, a battery and a charge controller.

IDCOL undertook its solar program in January 2008hwhe support from International
Development Association (IDA) and Global Environrretracility (GEF) to fulfill basic
electricity requirements in the rural areas of Badgsh. Under the progam IDCOL
intended to provide both grant and refinancing5@000 SHSs over a period of five-and
half years (January 2003-June 2008). The targetagtaeved in August 2006, three years
ahead of the project com pletion period and US$2lllom below estimated project cost of
US3$20 million. Therefore, the target was revisefinance a total of 200,000 SHSs by the
year 2009 with additional support from the WorlchBaGTZ and KfW.

Progress with SHS’s installation up to 21 January @07
PO wise installation of SHSs

Partidpatng Organization Number of SHSs Installed
Grameen S hakti 61,309
BRAC Foundation 22,115
Srizony Bangladesh 3,387
COAST Trust 1,270
TMSS 994
Centre for Mass Education and Sciece 1,263
Integrated Devdopment Foundation 1,255
Shubashati 1,077
UBOM US 1,620
BRIDGE 698
PMUK 61
RSF 1,600
PDBF 121
HF 139
Mukti Cox's Bazar 76
Other 7

Total 97,062
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A good nunber of job opportunities, both for sldland unskilled manpower, have been
created. Specially, each wnit office of Pos hirdecal youth who has good knowedge
about the area. It has paved the way for creatiibggpportunity locally. In addition, a

good num ber of diploma engineers have been employ®Ds to look after the technical

aspectsof SHS. Till March 2005, some 600 new ftdv® been created by the program.

A5. R & D Activities on RET in different Organizations

Different Institutes, Universities and Researchanrgations (both public and private) are
carrying out Research and Development (R&D) adéigiton diversified fields of

renewable energy technologes. R&D activities ofn@adesh are characterized by
plethora of constraints, including lack of experanpower and financial resources.
Different organizations and their field of interestatedto R&D of RETs are presented in

Table 3.

Table 3: Mgor R&D activities for RETs.

Technology

Major Organizations

Remarks

Solar P hotovoltaic/
Balance of system

LGED, RERC, GS, CMES, BAU,
BUET, Rahimafrooz, Micro
Hectronics, Enemgy Systems

Manufadure of dl the bdance ofsystem
components (like Charge controller, Cabl
Battery, Inverter, Convetrter ec.)is made
locally

11%

Solar Water Heaers

RERC, BCSIR

Locd designjdabon and installation
have been done

Improved Stoves

BCSIR, BRAC

Number of designs Heeen devel oped at
BCSIR with three basic categories- (1)
without chimney (I1) with chimney and (Il
with waste heat utilization.

Solar Cooker-Parabolia

BCSIR

BCSIR has successfidlgtested it's
design which can quickly raise waterto
boiling point under dear sunny days.

Solar Cooker-Box Typsg

RERC, BCSR, BRAC, CMES

Toeler is made oflocally avalable raw
materials.

Solar Dryer

RERC, BCSIR, BRRI, BAU

Different typbave been designed and
tested with locally available materials.

Solar Wood Seasoning| BFRI Asimple inexpensive and effective solar
Plant kiln has been developed.
Briquetting M achine KUET, BRRI Under the “RET ini&s program, BIT

Khulna is developing better machines with
longer screw life

Biogas

BCSIR, LGED, BAU, BRAC, G$

D

Fixed-Dome tydarps are indigenously
designed and constructed.

A 6a. Inform ation about Hospitalsin Bangladesh whes SHS units may find use

Total No of Hospitals: 1383

Gowt Hospitals: 671

No- Govt Ho spitals: 712
Total beds in all hospitals: 46067

Total Beds in Govt Hospitals: 33828
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A 6b. Information about handoom units where SHSunits may find use
Total number of units: 2,12,481
Number of looms: 5,14,456

A 7. Present Energy Situation of the Coastal Areas

Energy users in the coastal region-whether hougshobmmercial shops, small industries
or community institutions-come across various peaib. Most of the households do not
have access to electricity as there is no powdrilsigion network in the far-flung areas.
Kerosene is the most common fuel used by the holdefor illumination puposes. Price
of kerosene is often subject to fluctuations wihk price going up in the event of scarcity
of supply. The quality of light from kerosene lampgpoor and not adequate enough for
all purposes. Besides, it pollues the househoWt@mment through emission of smokes
and is also hazardous. The households have torysmltifor running different appliances
like rado, emergency lighting. The price of sudly clell is relatively high. This causes
extra financial burden to the household budgetdme areas there is scarcity of biomass-
fuel which is used for cooking. The scarcity takesous turn in the rainy season when
procurement of biomass fuels becomes particulaffic dit.

Some commercial shops located in market placesetdesms growth centres have some
access to electricty. These market places are emgd to the dstribution networks of
BPDB or PBS.

Small-scale private generators are in operatiosoime markets to provide electricity to
the shops for limited hous, wsually after the @vgnThe commercial shops in the non-
electrified market places use kerosene lamps, eandic. which are not found suitable for
their activities. The electrified shops faces thebfem s of load sheddng, irregular supply
of electricity and poor service by the utilty agess.

Most of the industrial units and irrigation pumnpsated in the far-flung coastal areas have
no access to the gid-based supply of electridityey are run by diesel, procurement of
which is dfficult. The diesel engine is reportediybject to mechanical problems. The
electrified industrial units suffer due to load ddang, non-cooperative attitude of the
utiity agencies and their poor service quality adsshedding and frequent interruption in
the supply of electricity affect the industrial tsnadversely causing a cut in production
and revenue. The community institutions, especittily multi-purpose cyclone shelters
havingno access to electricity can not make optinuge of their infrastructural facilities.

A 8 Some Basic Profile of Six Coastal Islands

Name of Upazilg Area Population Estimated Percentage of Population
(District) (S9.km) (in '000) Population | Literacy Density
(No. of (1997) (7*years) per km
households in (1997) (1997)
1991)
1. | Moheshkhali * 362 220 260 29.3 718
(Cox's Bazar) (33)
2. | Kutubdia 216 95 112 42.1 518
(Cox's Bazar) (14)
3. | Sandwip ** 762 272 334 45.1 438
(Chittagong) (45)
4. | Hatia ** 1508 192 344 31.0 228
(Noakhali) (48)
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5. | Monpura 873 52 60 313 160
(Bhola) 9
6. | Char Fasson 1106 342 392 38.8 354
(Bhola) (64)
* including Matarmari island
* including Urir Charisland
wrx including Nijhum Dwip island
A 9. Some Basic Profile of Six Selected Coastal anid L ocation
Name of Upazila| Area Population (in’000) Estimated Percentage of Population
(District) (Sg.km) | (No. of household$ Population | Literacy Density
in1991) (1997) (7"years) per km
1997 (1997)
1. | Teknaf* 389 153 181 31.9 465
(Cox's Bazar) (24)
2. | Banshkhali 377 321 388 29.1 1029
(Chittagong) (56)
3. | Companygan;j 305 183 214 50.8 702
(Noakhali) (31
4. | Kaapara 483 175 197 42.7 408
(Patuakhali) (32)
5. | Patharghata 387 135 153 60.9 395
(Barguna) (26)
6. | Sarankhola 757 108 123 50.8 162**
(Bag erhat) (20)
* including St. Martin's Island
* density is low, as majority of the area fall wrduninhabited Sundarbans
Nationd Populaion Density (1997) : 840
Av. Nationd Literacy :39.0

a) For Bangladesh fuel mixture for Grid electricityopliuction according to
RET Screen analysis is shown below:

Fuel type Fuel mix CO, CH, N,O Fue GHG
emission emission emission | conversion emission
factor fador factor efficiency factor
%) (kg/GJ) (kg/GJ) (kg/GJ) (%) tco/MWh
)
Small hydro 4.9% 0.0 0.0000 0.0000 100.0% 0000
Natural gas 90% 56.1 0.0030 0.0010 45.0% 0452
Diesel #2 ail) 51% 74.1 0.0020 0.0020 30.0% 0897
Electricty mix 100.0% 0452

Note:
1 ton CH4 =
1 ton N20 =

Global Warming Potential of GHG

21 tonsCO,
310 tonsCO,

The GHG emission from electricity production of 8@ KWh in 2004 is 9million tons.
The emission shoud increase with the years.

b) For Diesel Generators (Small)

Fuel type Fuel mix CO2 CHa4 N2O Fuel GHG
emission emission emission conversion emission
fador factor factor effidency factor
(%) (kg/GJ) (kg/GJ) (kg/GJ) (%) (tcce/MWh
)
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[ Diesel 2 oil) | 100.0% | 741 | 00020 0.0020 [ 20.79% [ 1301 ]

Electricity generation using Diesel generators imeqeostly fuel imports and produce a
large amount of GHG emission. Hy brid units usingavwor P Vtogether with a smaller
supply of desel should reduce cost of import akti3&mission as well.

c) For Kerosene Lantern

Generally a Kerosene Lantern (equivalent to 5Wtetetantern) requires 0.04 Litre
Kerosene per hour. The emission from Kerosen &i@2)CO2/L. For each million
homesin rural Bangladesh usingtwo lanterns feee o urs every night the emission
is 0.2millions tons of C®

A 11: GHG emission reduction:

a) Solar Home System (SHS)

A typical Solar Home Sy stem often consists of #iféscent bubs of 7W each, 1 B/W TV
of 15W and a rado of 5W. Normally a home uses Kene for Lanterns and charges
battery from grid supply at far away locations. S hjpe of family can save 290 liters of
kerosene per year by using solar lightingtechnpkrgl can prevent the emission of 0.76
tons CQlyear. In Bangladesh 65,000 number of SHSs have ibstalled and the number.

will reach to 100,000 soon. Table 4 shows corredpumpfigures of saving kerosene and
reducing CQemission.

Table 4: CQreduction using Solar Home System

Total no. SHS$ Savings of Kerosene in liter s/yejarons CQlear

65,000 19 million 49,000

1,00,000 29 million 75,000

b) Market Electrification using SPV
If a community based rural market (50 shops an @& Florescent light each) replaces
the diesel generator by SPV for lighting, thenaihenitigate 1.1 ton of Cfyear. In terms
of kerosene asa base case, this is19 tons gy €4D.

c) Solar Water Heating System(SWHS)
Solar Hot Water System to heat water form ambientperature to 60or above -can be

used for heating or preheating in ouw country pabfy. A SWHS of 500Litres/day can
reduce 3.35 tC@year (base caseis Grid electricity).

A. 12. An Estimate of Anancia requirements forinmediate action

a) For continuation of solar and wind data recordingl analysis by RERC to update and
improve database.

Fund Requirement: $15,000 X 3years = $45,000

b) For feasihility studies which may be carried by different organizaionsinduding RERC
with technicd help where necessary through TERIesE are in addition to demonstration

adivities carried on by LGED.

1. Waer heating systems (500liters/day) in rural thedinics, rest houses, smadl hotels,
multistoried buildings etc. For installation ofddemonstration units:
Fund Requirement: $5,000 X 5= $25,000
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2. Large waterheaing systems for hospitals, hotetls adustries.
Pilat plant construction and instdlation cost:0X®0

3. Wind-diesd and Wind-PV systems 30KW in a coastehlion or anisland.

Fund for installation of 1unit: $200,000

4. Solar Photovoltaic(PV) mini-grid i nstallatio n(\K).
Total Cost: $10,000

5. Electridty generation(9— 10 KW) from rice hugkrice mills.
Fund for installaion of one unit: $30,000

6. LED lights from Sdar Photovdtaic module fomkoncome people 6W module with 1-

2W LED lights.

Cost forproduction and dist1ibutionld® lamps: $10,000

7. Grid connected PV. 1KW fortechnicd ibiigy: $20,000

Total estimated fund requirement: $370,000

c) Feasibilty study may be followed by electiyaénd heat generation for selected locations using

solar and

1. Indicativerequirement of funds for wind-dieseltgya is shown bedow:

wind resources depending upon thibaimlity of funds.

Table 5. Five year financial plan for wind-diesystem.

Y ear No. of Units, CapacityAnnual energy produdior], Total NPC
addition (KW) MWh, (utilization 66%) (Q00,US D)
2006-07 5 (150) 358 620
2007-08 10 (300) 717 1240
2008-09 20 (600) 1434 2480
2009-2010 50 (1500) 3585 6200
Total 85 (1200) 6094 10540

NPC —Net Present Cost, required for total systestallation

2. Sdar heating systems (500LPD) may be marketed aittubsidy. Indicative subsidy
requirement is shown in table below:

Table 6: subsidy requirement for SWHS (500 LPD dciph

Year No of Systems, capacitySubsidy (USD)/ SWHY Total Subsidyf
(LPD) (USD

200607 50 (25,000) 450 22500

200708 100 (50,000) 400 40000

2008-09 100 (50,000) 300 30000

2009-2010 100 (50,000) 200 20000

Total (4years) 350 (175,000) 112,500
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Annexure - B

KAMM/WASsP Numerical Wind Atlas Study for Bangladesh
(Prepared by Dr. Jake Badger, RISOE)

Introduction

The conventional method used to produce estimdtesrm resource over large areas or
regions, such as on a national scale, is to analjrseé measurements made at a num ber of
sites around the region, as in for example the f2an Wind Atlas (Troen and Petersen,
1989). In order for this method to work well thekeeds to be a sufficient quantity of high
quality data, covering the country. This criterien sometimes difficult to satisfy and
therefore other methods are requred — methodswiahot meet bankable accuracy in
resource estimates, bu on the other hand thattwaitally give good indications of the
geographical distribution of the wind resource asdsuch will be very useful for decision
makingand planning of feasihility studies.

Numeiical wind atlas methodologies have been devised to solve the afsiesufficient
wind measurements. One such methodology is the KAWMMsP method developed at
Risg National Laboratory (Frank and Landberg, 1997}his methodology an approach
calledstatistical-dynamical downscalingis used (Frey-Buness et al, 1995). The basis for
the method is that there is a robust relationsteipween meteorological situations at the
large-scale and meteorological situations at thallsatale.

Information about the large-scale meteorologictiliagion is freely available from the
NCEP/NCAR reanalysis data-set. This data-set hasn bereated by assimilating
measurement data from around the gobe in a camsisashion from 1948 to the present
day. The primary purpose for the generation of taka-set is to provide a reference for
the state of the atmosphere and to identify anyufea of climate change. Another
application of the data-set is as a long-term ceadrlarge-scale wind conditions. The
NCEP/NCAR data is used to create around 100 diifef@r ge-scale wind stuations,
called wind classes that represent the large- stiale climate.

In order to make these wind classes meaningfu ahaller scale a mesoscale mocel is
used to find out how the large-scale wind forcirggy modified by regional scale
topography. Therefore for each wind class a mesosnadel sm uation is performed
using the Karlsruhe Atmospheric Mesoscale Mode KMy Adrian and Fedler, 1991).

Post-processing of the results from all the sinioeg yields a wind resource map at the
resolution of the model sim uations. Futher anslysf the results from the simulations

with consideration to the topography as descrimethe mesoscale model, yields wind
atlas maps for generalized suface conditions.skitntaining detailed information abo ut
the wind speed and direction distribitions can ale generated that are directly

compatible with the WAsP software, the wind indysstandard for ste resource

assessment calculations.

Model description

The Karlsruhe Atmospheric Mesoscale Model (KAMM) as3D, non-hydrostatic, and
incompressible mesoscale model. It is describefidnan and Fiedler (1991), and Adrian
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(1994). Spatial derivatives are calculated in thateh by central differences on a terrain
following grid The turbulent fluxes are modelleding a mixinglength model with
stability dependent turbulent diffusion coefficient stably stratified fow, and a non-local
closure for the convective mixed layer. Lateralrdary conditions assume zero gradients
normalto the inflow sdes. On outflow boundarigee horizontal equations of motion are
replaced by a simple wave equation alowing sigtalropagate out of the domain
without reflection. Gravity waves can penetrate tiper boundary ouward using the
boundary condtion of Klemp and Duran (1983).

KAMM is able to run as a “stand-alone” model, tke model can be run by using only
the large-scale forcing in the form of a singletioed profile of geostrophic wind and
virtual potential temperature. Hence, it is notessary to nest the mesoscale model within
a larger model that must supply the boundary cadit At regional scales the mesoscale
model is used to model atmospheric flows in domaih$00-1000 km x 100-1000 km in
size with atypical horizontal resolution of 5 km.

Figure 2 shows the modelling domain used for thumarical wind atlas study. It is 960
km x 960 km, which correspondsto 97 x 97 grid peat 10 km resolution. It is necessary
for the domain to be this size in order to incltlde important topographical features that
will impact the winds in the region of interest. g lfinal choice of domain followed
experiments examining the windfields usingvaridomains. It was found that the winds
within Bangladesh are strongly influenced by tleveted terrain outside of the country to
the north and to the east. Therefore a domain fetgntly larger than the country itself
hadto be used.

In the vertical the model extends from sea leved?260 m above sea level, using 32 model
levels employing aterrain following coordinate.eTimterval between vertical levels is not

uniform. This allows for more closely spaced vatimodel levels near to terrain. Above
lowlying land the first 5 model levels are at 0 780, ~80, ~150 and ~240 m above the

surface. The separation between these levelsitesnnaelevatedterrain.

Figure 2: The surface devation over the full cotaponal domain used for the KAMM mesoscale
modelling at 10 km resolution. The x and y axisgawen in UTM (zone 46) coordinates in kilometres
using datum W GS84.
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Surface elevation data is derived from NASA's SeutRadar Topography Mission
(STRM) dataset version 2. The dataset can be atesa ftp:/eOsrp0lu.ecs.nasa.gov.
This data uses a longtude-latitude projection @aB:c second resoluion. This elevation
data is manipulated first to change it to a UT Mrdio@te system and then to change the
resolution appropriately for the mesoscale simatesi The suface elevation for the
modelling domain is shown in Figure 2.

Aerodynamic surface roughness lengh data is dérirem the United Sates Geological

Survey (USGS) Global Land Cover Classificationpdaown as GLCC. The data can be
accessed via http://edcsnsl?.cr.usgs.gov/glcc/s Thta is given using the Lambert

azimuthal projection. This land cover data is cote@ to UTM coordinate system and

then to the appropriate resolution. It is also camed from land cover data to suface
roughness data. This is done by using a look-ufetétat relates specific land cover

classifications to specific surface roughness lesagl he surface roughness for the region
of interest is shown in Figure 3.

Figure 3: The surface aerodynamic roughness lerigththe full com putational dom ain
used for the KAMM mesoscale modelling at 10 kmlutsn. The x and y axis are given
in UTM (zone 46) coordinates in kilom etres usinguda WGS84. The two low roughness
areas at the northern boundary of the dom ain are tusnow and ice cover.

Large-scale Meteorological Conditions

The NCEP/NCAR reanalysis data for winds at 10 nvalsurface level have been used to
assess the large-scale surface wind characteristittse region of interest. The Climate
Diagnostics Center provides access to the NCEP/NCA&analysis via
http:/mww.cdc.noaa. gov/cdcireanalysis/. Kalnayle(1996) describes the NCEP/NCAR
reanalysis project.

The 20-year annual and seasonal means for the Minehs are show in Figue 4 and
Figure 5. In all the figures both the mean vectordand mean absolute wind speed are
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plotted It can be seen that large-scale surfacelsviare rather stronger in the coastal
region of the country in the June-July-August (JpAjiod, in which the monsoon flow is
active, giving a southerly or south-westerly flosan indication of the pre-monsoon flow
is seenin the March-Apri-May (MAM) period plotsahe flow turns so uth-we sterly after
being weakly northerly during September-October-&tober and December-January-
Felruary periods. The large-scale flow away frora ¢hastal regon is weaker and has a
more easterly component to it.

Figure 4: The 20-year meanwind at 10 mbased dBMMICAR reanalysis data from 1980-199. The
vectors show the mean vector wind and the coritoes show the mean absdute wind speed.

Figwre 5: The 20-year seasonal mean winds; topBeitember-January+ebruary (DJF), top-right
March-April-May (MAM), battom-left June-duly-Aug@8tiA), and battom-right September-Od ober-
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November (SON). The vectars show the mean vectdr amd the contour lines show the mean
absolute wind speed.

Initial Meteorological Data

Atmospheric data for the modelling initializatios obtained from the NCEP/NCAR
reanalysis data-set on a longitude-latitude grithva resolution of 2.5 x 2.5 degees.
Geopotential height data from 850, 700, 500, 30&d a00 hPa isobaric levels,
temperature data from 850, 500, and 200 hPa isolearels, and humidity data from 850
and 500 hPa isobaric levels, are used. This datangerted into geostrophic wind and
virtual potential temperature values for 100, 200000 and 9900 m heights above sea
level. The data is compiled into 11-year time sreovering 1980 to 1990, for use in the
wind class generation programs.

Classifcation system

The time-series data of wind and temperatue mofiderived from NCEP/NCAR
reanalysis data is used to determine 98 wind ckas$dese wind classes form a
representative set of wind conditions for the re@d interest. The wind classes represent
different wind speed, wind directions, and atm ogahstability.

A way to assess the likely impact of an obstaaleh sas a hill, on a flow isto calculate the
Froude number. The Froude Number is U/ (h * N)erehU is the velocity scale, h is the
height scale of obstacke/ N the Brunt-Viisala frequency, wheré N (d o)d /dz).

For cases where the Froude num ber is below ondjothiden ds to flow around obstacles.
For cases where the Froude number is above on élotlvdends to flow over obstacles.
More stable conditions tend to lead to lower Frondenber flow behaviour, in which

channelling between or around obstacles is moreafeet, as well as lee effects to be
more persistent.

The inverse Froude number squared is used in thel vlass cdassification system to
differentiate meteorological situations that hawaiar wind speed and drection but
different thermal stratification. The height scalsed is 1900 m, the height difference
between the first and second level in the windfasfil

The result of the wind classification system wasv@8&ical profiles of geostrophic wind
speed, direction and potential temperature. KAMMsauprofiles of the geostrophic wind
to describe the large-scale forcings, this corragpdo prescribing large-scale horizontal
pressure gradients present across the modellin g@idorAway from the midlatitudes the
geostrophic wind becomes more of a notional winghtlone that is closely realized in
nature, however it still provides convenient waydescribe a horizontal pressure gradent.

The wind classes usedfor thisnumerical wind atasgy are shown in Figure 6. The wind
classes are based on the geostrophic wind at 9R25EBN. The figure indicates the wind
classes’ wind speeds, drections and frequenciesoamfurence. The frequency of
occurrence shown in the figure is valid for theation 91.25E 23.75N. The frequencies of
these wind classes are also calculated in the NN\CERR grid locations in the vicinity of
the regon of interest. This is to account for spetial variation of the large scale climate
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within the modeling domain, and is uilized in tlenstruction of the wind climates,
described in the next section.

Figure 6: The geostrophic wind classes used asnfpior the simulations. Each circle represents a
fordng wind speed (distance fromthe centre odibgram) and dredion. The speed scaleis in m/s.
Thessize of each cirde represents the frequenthealvind class at the location 91.25E 23.75N. The
symbol size corresponding to 1% frequency is gnvime lower left hand corner.

Post-processing

After the mesoscale simuations for all of the wicldsses are complete, the results are
compiled in the post-processing stage of the m etloggl.

First, a weighted mean of the wind speeds at eaelostale model gid point is
calculated. The weightings for each wind class #tian are based on the frequencies of
occurrence. The weightings for any given wind clesiy over the mesoscale model grid
points. T his averagng operation yields a sim ulaeswburce map.

Second, for each wind class simulation, the effettslevation and roughness variation
are removed with modules smilar to those in the 8®Asoftware. Then the weighted
mean of the adjusted resut from the wind simufasios made. This yields a wind atlas
map, or_generalizedind map for flat suface condition of a specifiedighness.

Figure 7 shows a schematic dagram of the win dc¢am uations andthe post-processing
steps.

Resulss

The results from the numerical wind atlas studyn gsihe KAMM/WAsP methodolo gy
can be output and utilizedin two rather differarays. One way isto present the results in

the form of resource maps, created in the methedrideed above. These maps provide a
good means to summarize the large amount of datergieed in the study.

Another way to ouput the results is in the formVéAsP generalized wind climate files,
known aslib-files because the convention is to use the extendibhin their filename.
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Figure 7. Aschematic diagram showing the KAMWWisRerical wind atlas methodology. In this
numerical wind atlas study, N, the number of wiadses is 98.

The WASP generalized wind dimate files can be gmeal by the KAMM/WASP
methodology. This means that comprehensive infaonatoncerningthe wind speed and
direction dstribution for various heights aboveognd level and for various suface
roughness lengths can be obtained for any locatitimn the region of interest.

The .lib-files for a selection of measurement station locationes wsed for comparison
purposes. The measuement stations were selegteahbidering the quality of the data
and the set-up of the mast and anemometer. Thewiol) measurement stations were
selected Charfasson (BCAS, Khepupara (BMD), CoBazaar (BMD), Kutubdia
(BMD), Kutubdia (BCAS), Kuakata (BCAS). BMD and B&AXefer to the operator of the
stations, namely Bangladesh Meteorological Depantmer Bangladesh Centre for
Advanced Studes.

The measuements of wind speed and direction, lbees analysed using the WASP
software. The WAsP software uses details of thendog surface elevation changes and
surface roughness changes, gven in the form ofgniapremove the local effect of the
topography on the wind speed and direction at tleasrement site. The resut is the
generalize wind atlas in the form ofld-file. The lib-fles created using measurement
data and modelling data can be compared. The docabf these stations are shown in
Figure 13.

Figure 8 to Figure 12 show comparisons betweenwtine drection distributions at the

station locations derived from wind measurement femch the mesoscale modelling The
measurement data is collected over different timmogs, however fair comparison with

the modeling resuts can be achieved by recalinganodelled wind climates based on
the wind class weighting evaluated over the relewaeasur ement periods. Mainly thereis
reasonable agreement between the direction distsrisu The mesoscale modelling tends
to gve a more concentrated predominant wind doacthan the distributions based on
measurements. The predominant wind direction in dwoeastal region from the

measurements is southerly or south-easterly angd hicaptwred by the mesoscale
modelling results. The examination of the largeesdlaw indicated that the wind is also

sometimes from the north. This is seen in the nreasand mesoscale modeled wind
direction dstributions.
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Figure 8: Wind direction distribution for Charfasa (BCAS) according to Meas urement/WASP (leff)
and KAMMM AsP (right).

Figure 9: As Hgure 8 but for Khepupara (BMD).

Figure 10: As Figure 8 but for Cox's Bazar (BMD).

Hgure 11: As Figure 8 but for Kutubdia (BMD).

Figure 12: As Figure 8 but for Kutubdia (BCAS).
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The modelling results suggest a more concentraied wirection distribution for the
stations closer to the elevated terrain in theeeagtortion of the modeling domain. The
elevated terrain running north to souh acts tadguhe flow in parallel to the elevated
terrain, i.e. in the southerly or northerly drecti

However the measurements from the Khepupara statiggest a strong concentration of
wind drections in the southerly or northerly diieas that is not present to the same
extent in the mesoscale modellingresults.

Although the mesoscale mocelling seems to haveuceghthe measured wind direction
distributions reasonahbly well it has been found tive wind speed dstribution has been
consistently underestimated in the mesoscale mogelDue to time constraints it was
decided that the best course of action was to parn adjustment to the wind speeds
through an adjustment of the wind speed distrilmuiMeibul parameter#gy andk

A, =128A
K., = max(0.65 125).

The first action of this correction is to enhante twind speeds dightly and then to
broaden the spreadof the wind speed distribution.

The impact of the adjustmentto the can be sedrablke 1 to Table 6, which gve the wind
speed distribution Weibull parameters, A and k, #redmean wind speed at 50 m a.g.l.
above 0.03 m roughness lengh for the selectebssatin each table the first two rows
give values derived from measues analysed in WagiP KAMM/WAsP method. The
last row in the table gives the adjusted values Vdélues in bracket are the percentage
errors.

Before the adjustment is made there is a mean atleserror of 22% in the predicted wind
speeds at the selected coastal station locatiamspared to the WASP analysis made.
After the adjustment the mean absolue erroriscedto 8%. There is also areduction in
the power density estimate for the station locatian31%.

Figure 13 shows the annual mean sim ulanadd for Bangladesh at 50 m above suface
level. Thismap gives an overview impression ofvtagation of wind resources. However
for any location on the map one woud not expedessarily to have measued the same
mean wind speed indicated by the map. This is lsxéhe map has been created usng a
surface description at 10 km resolution. In readlitye suface will be full of details in
surface elevation and surface roughness. For exxarsplall hills and forests, pertaining to
elevation and surface roughness details respegtmal not be resolved.

The problem, created by the limit in the sufacescdption resolution, impacts all
numerical wind atlas methodologes. However the KMMW AsP method, because of the
lib-files creation feature, alows detailed information dbtle suface elevation and
roughness at asite of interest to be added ulsie YMASP software.

Figure 14 shows the annual mean generalizied climate. This map shows the resource
when the effects of resolved suface elevation sneghness change are removed. It
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shows what the annual mean wind speed would b@® ah tabove surface level for flat
terrain with a uniform roughness of 3 cm. This migpuseful because it shows the
mesoscale influence on wind resource, i.e. vanatibresource due to phenomena other
than local oro graphic speed-up and roughness change

Figure 15 and Figure 16, show the 50 m above srlaeel simulated and generalized
mean power density respectively. The mean genemjfiower density map usesthe same
standard conditions as in the mean generalized spedd map, namely flat terrain with a
uniform roughness of 3 cm. These maps are more gihaply a function of the mean wind
speed cubed, because the mean power density ngcof of the distribution of the wind
speed.

A[m/s] K U [m/g] ( % error
Measurement/WASsP 4.6 1.64 4.10
KAMM/W AsP orig. 3.8 2.35 3.41 (-17%)
KAMM/WASP ad;. 4.9 1.75 4.33 (+6%)

Table 1: Webull parameters A and k for the Chasifars (BCAS) meteorologi cal station.

A[m/s] K U [mi/s] (% error
Measurement/\WASsP 5.0 1.09 4.84
KAMM/W AsP orig. 3.9 2.35 3.43 (-29%)
KAMM/WASP ad;. 4.9 1.57 4.43 (-8%)

Table 2: Webull parameters A and k for the KhepugBVID) meteordogical station.

A[m/s] K U[m/s] (% error
Measurem ent/WASsP 4.3 1.42 3.88
KAMM/W AsP orig. 3.6 2.13 3.20 (-18%)
KAMM/WASP ad;. 4.6 1.66 4.07 (45%)

Table 3: Webull parameters A and kfor the Coxigd8 (BMD) me eorological station.

A[m/s] K U[m/] (% error
Measurem ent/WASsP 4.8 1.24 4.48
KAMM/W AsP orig 3.7 2.15 3.30 (-26%)
KAMM/WASP adi. 4.7 1.70 4.17 (-7%)

Table 4: Wabull parameters A and k for the Kutal§@iMD) meteorological station.

Alm/s] K U [m/s] (% error
Measurement/WASsP 5.3 1.76 4.71
KAMM/W AsP orig. 3.7 2.11 3.26 (-31%)
KAMM/WASP ad. 4.6 1.66 4.13 (-12%)

Table 5: Webull parameters A and k for the Kutal§@liCAS) meteorological station.
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A[m/s] K U[m/s] (% error
Measurement/WAsP 4.8 1.62 4.31
KAMM/W AsP orig 4.1 2.39 3.63 (-16%)
KAMM/WASP ad;. 5.2 1.60 4.66 (8%)

Table 6: Webull parameters A and kfor the KuakBBAS) meteorological station.

Error and uncertainty

Errors in the resuls from the KAMM/WASP numeria@hd atlas methodology may well
stem from the imperfect representation of the kagme forcings due to the limited
number of wind classes that can be practicably .uaksd the uncertainty associated with
the NCEP/NCAR reanalysis profiles of geostrophinadvand potential temperature will be
passed on through the process steps. Particularbhis region where there are high
mountains to the north and east, stability playarge role in determining how the flow
interacts with the topography. The KAMM mocdellingsames a uniform and steady
atmospheric forcing, thus any wind features duidnsient and spatially varying forcings
are not accounted for well. Thermally driven winglsch as sea breezes, are known to be
difficult to reproduce in the mesoscale model. &iblre surface temperatures are uniform
and held fixed it is expected that evoluion oflsugnd phenomena are not very well
reproduced

Conclusions

In this chapter the application of the KAMM/WASsPmmerical wind atlas method for the
specified region of interest has been describeg$vid wind resource at 50 m have been
produced. Data fromlib-files derived from measuement data and from modeliatg d
have been compared for some coastal station lowsatibhis has shown that the wind
direction dstribution is reasonably well reproddgcalthough the modelling results tend to
show an exaggerated concentration of the prevailimg directions. The atlas wind speed
values tended to be underestimated by 22%, theredor adjustment the wind speed
distribution Weibull parameters, A and k, was @driout. This decreased the mean
absolute error of the wind speed to 8 % from 22%e Tnean absolute error of the
predicted wind power density for the coastal statimas reduced to 30%. WASP studies
performed at locations away from the coastal regimuld be of great interest so that the
numerical wind atlas can be evaluated in regonmolhe coastal zone.
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Figure 13: Annual mean simuatednd speed at 50 ma.g.l.

Figure 14: Annual mean generalized wind speed ah 3@.l. for 0.03 m roughness.
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Figure 15: Annual mean simuatednd power density at 50 ma.g.l.

Figure 16: Annual mean genealizethd power density at 50 m a.g.l. for 0.03 mroagh
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Assessment of Bangladesh Solar Resource

Fig 1: GHI map of RERC-NREL-DLR showingaveragedB®lRand DLR mapstuned to
Dhaka



Figue 2: Annual DIF map of NREL tuned to Dhaka

Fig 3: DNI map of RERC-NREL-DLR, showing averageBEL. and DLR mapstuned to
Dhaka
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Assessment of Bangladesh Wind Resource

Figure 17: Annual mean simul atethd speed at 50 m a.g.l.

Figure 18: Annual mean generalizsihd speed a 50 m ag.l. for 0.03 m roughness.



Figure 19: Annual mean simulatethd power density at 50 m a.g.l.

Figure 20: Annual mean generalizethd power density at 50 m a.g.l. for 0.03 m roegh
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