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Abstract

This study was designed and carried out in order to reveal the vatiation af pricing of irrigation
water in differenl areas of the country. Five thanas from different three districts were talen as
sludy arcas wiere ail the different modes (STW, DTW & LLP}, energy sources (clectriciiy and
diese]) and methods (cash payment. crop share and time basis) are practiced by the farners.

Both primary and sccondary data have been used in this study. I'ilty three pump owners from
hve diflerent Thanas and belonging to 53 minor irrigation cquipment (STW, DTW, & LLP)
groups were randomly selected and surveyed by o struclured questtennaire. Pump owners,
larmers and related office personnel were also interviewed during data collection.

A number of technical and socio-economic causes were found tt lead to the variation in water
pricing in i [ferent study areas. Lnergy sources, number of frrigation, type of modes and source
ol water (groundwater or surface water) were identificd as technical causes and previnling
methods, casiness of rent collection, lrquidity status of farmers and competition among the
puip owners were identified as socio-cconemic causes behind the variation,

Arca based cash payment system is widely used for irrgation waler pricing in Phulpur and
Haluaghat Thana of Mymensingh District. It has been (bund that withis lhe same method,
pricing varies over different modes, energy sources and number of nirigation. Because of higher
cominand arca and relatively less O & M cost, DTW owners per hectare average profit is
uspally higher than thosc of the STW and LLP, S0, in arca based pricing, DTW becomus
cheaper o the farmers,

Ourput based crop share payment systent is comunonly used in Kumarkhali and Sadar Thana of
Kushtia District. I this method, in case of electricity run operation, where fuel eost is
completely borne by pump owners, farmers pay one fourth of the total crop from the land Jor
both STW and DTW modes. In case of diesel powered opcraiion, farmers pay fuel cost and
370kg of dry paddy as establishment cost against per hectare i gation.

Lime basis semi-volumetric pricing method is practiced in Poba Thana of Kajshahi Distriet
under Bartnd Multipurpose Development Authority (BMDA). Tn this area only cleciricity run
DTWs are used in Girigation and farmers pay for per hour of irrigation. In Poba Thana, DTWs
of 56 [ps capacilies are widely used and farmers pay 1k.85/- per hour of frrigation.

Comparative analysis shows that electricity run operation it holth STW and DT'W under arca
based pricing (1k.6000/ha and Tk.5500/ha) is the most favorable pricmg method for the
farmers. On the other hand, electricity run both STW and DTW under outlpul based crop share
pricing (Tk.9000/ha) is the most profitable method for the pump owners. In case of cleciricity
run operation under area based pricing, [uel cost is refatively less and borne by pump owners,
moreover, & major part of the labor cost is also borne by pump owners. So, electricity run arca
based pricing becomes most suitable to Lhe famers. .
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Chapter-1

Introduction

1.1 Generul

In Bangladesh, agricultural productivity holds the key to the country’s overall cconomic growth
and welfare {o its people. The econonmy larpely depends on the agricultural development, which
ta possible only by producing more crops. Irrigation is the lifeline of apricnfture as it ensures
more crop production m agriculture scctor. Trrigation 1s ihe ]'r:uding input for increasing yicld
and production of foodgraing and other crops. In Eanlgladcsh, the history of the development of
irrigatiog system is not very old. Only few decades ago, dillerent types ol irrigation means
were developed to supply water for ivrigation. Presently, a good number of irrigation methocds
and technologies have been adopted in the country to cope with the necessity of irrigalion 1n
both dry season and for supplementary irrigation. It is noted that, g irigation projects (laioc-
scale projects) did not play a positive role in the national irrigation scotor. But minor irrigution
(small- scale projects) program is remarked ws very success[ul and it covers more than 0% of
ihe total irrigation (BADC, 2005). Considering the vital mle in agricullure, the Naticnal
Agriculture Policy and the National Water Plan have given special emphasis on the

devclopiment of minor irrigation.

Decp tubewells (DTW), Shallow tubewells (STW?} and Low Lilt Pumps (LLP} arc the major
modes used in minar irrigation. DTW and STW use proundwaler covering aboul 73% ol wolal
area and LLP uses surfage water. In the year 2005 there were 1128991 nos. §1'Ws, 27117 nos.
of DTWs and 99255 nos. of LLPs in operation during Rabi season in the counlry and irrigated
area covered 3,159,899 hectares (068% of total), 6,54,189 hectares (14% ol lotal) and §,38,377
hectares (18% of total), respectively (BADC, 2005).

A review of literatures revealed that pricing of irrigation water varics over dilferent modes of
irrigation and methods of pricing. There are two mafor pricing methods commonly used in
irngation: volumetric and non-volumetric mcthods. Volumctric methods charge for water per

unil volume supplied at the measuring point. This requires information on the volwne used by
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each ndividual farmer and a central waler authorily or Water Users” Organization 10 sef the

price, monitor the use and collect the lees.

Therg are several non-volumetric mcthods used i irigation; these are- oulpul pricing, mpul
pricing anel arca pricing. Guipul pricing muthods charpe o waler Tee Tor cach unit of oulput
produced by the user. Under input priciug a farmer pays [or irrigation waler indirectly through
higher prices Tor inpuis purchased from the government or waler agency. Under aiea based
pricing, farmers pay a fixed price per unit of irripated arca (Johansson, 2000). Area based fixed
cosl pricing is the most widely used price slructure, which is adequaie where the sole objective
is cost recovery. In some cases this may vary according to crop type, with higher churges {or

more watcr demanding crops.

Volumotric waler pricing or tradable water allocations are suitable 10 use where the objective is
lo reduce water demand 1y the agriculture secter. This requires information on the volume of
waler used by each or some olher way to infer a measurement of waler consumption.
Volumelric water allocations, rather than water price. are used to cnsure that other seclors’

necds are met,

When water flow (s reasonably constant, implicit volumetric pricing is possible by charging for .
time of delivery. This timc basis semi-volumetric pricing method requircs much less
infermation and in this method implementation cost is relatively low compared to volumstric

pricing.

Mon-volumetric water pricing can be used where the objective is cost recovery. It is mueh
simpler to administer than velumelnic pricing as there is no requirement for cxlensive

measurement infrastrocture and continuous ficld recording. .

In Bangladesh, Tor minor irnigation systems, the common mcthods of pricing arc cash payment
and crop share payment. Cash payment system is based vpon area and tiine basiz and crop
share payment systems are o1 output basis. The sole objective of such pricing systems are cost

recovery. Cosl recovery is recovery of anneal O&M cosls or O&M plus elements of capital



(%]

investments and depreciation. Cost recovery cencerns full supply costs only, where the cost
includes the cost associated with the supply of water withoul consideration of externalilies
{cxternalities are the indirect conscquences or side elfecls of supplying water to o particulur
uscr or scetor). It includes the operation and maintenance of irrigation inlrastructure and capital

investinent.

In minor irrigation schemes, 1o provide incentives lor carclul waler use, it is necessary 1o
gstablish a charging system that causes water uscrs to think corefully about the decision o

apply water to their crops and to weigh marginal water vse against s marginal cosl.

1.2 Background of the study

Water is one of the most benelicial natural resources in an agranam country ke Bangldesh, Tn
Mational Water Plan (NWT) and in National Water Managemenl Plan (NWWMP), waler has been
considered as an economig uum]ﬁudily (NWMP, 20013, In ovder 10 ensure a sustainable water
development, special emplasis has been given on appropriale usc, distribution and preservation

of this commodily.

Amongst all the water-sectors, agriculture s the mosl crucial as the sector consumics huge
quantity of water compared 1o olher sectors. Water searcity will continue to increase, leading to
more compelifion for waler belween agrnieultural, municipal and indusnial secters. The
agriculture sector is seen as waslelul in 1ty use of walcr in both minor and large urigation
schemes. For cxample, on large irrigation schemes with open channel conveyance, as much as
70% ol waler diveried [rom a source fulls W0 amive at the erop (BADC, 2005). Misuse of Luge
quantity of irrigation water and. lower irrigation cfficicney arc the major causes behind the
wastes. Seme of the major objectives ol irrigation water charging arc: to cover the cosls ol
providing the scrvice, to allocate water to the highest priorily uscs. to Improve accouniabnlity of
the water provider to users, to provide an incentive for the efficient use ol scarce water

resources and to ensure equily ol access to water or the benefits ol its use,



Water policics and stralegies now often require the implomentation of some form ol waler
charging. In many cases, allempts at reforniing water pricing stem [rom lnuancial crisis, low

recovery of costs, deteriorating infrastructure, and incrcasing water demand (Johansson, 2000).

It has already been menlioned that pricing of water in minor irigalion syslems varies over
different modes and niethods of irigation. Censidering the economic importance of agricubural
water use, currently different countrics are reviewing their waler policies 1o establish a rational
pricing in rrigaled agriculture. The fundanmtenial role of prices is 1o help allocate scarce
Tesources among competing uses and users. One way to achieve an efficient allocation of water

18 to price its consumplion correcily.

As minor irrigation in Bangladesh is now totally in the private seclor, it has been observed that
ther 15 no allempd 1o use water pricing o achieve the balance between supply and demand of
compeling seclors. Also observed that no research has been cairied out oo the causes of
variation ol Irrigation water pricing over different modes and methods in Rangladesh. In this
sludy an atternpt has becn made to identily the causes (technical and socio- economic) behind
the vanalion of irrigation watcr prices over different modes (STW, DTW & LLP), encroy
sources (electricity & dicsel) and methods (eash payment, crop share and time basis payment)

of minor irripation.

1.3 Objectives of the study
The aim of the study is to reveal the variation ol irrigation water pricing m dillerent minor

irrigation systems. The speeilie objectives are as follows:

s  Tocxamine the variation of prices of irrigation water over dillerent technologres (STW,
DTW and LLP);

s T'o study the causes (techmical and socio-econonic) behind the variations of irmgalion water
pricing ever same technology; and

» To assess the profit margin of selling irrigation water by the pump owners.



Chapter- 2

Literature Review

In order to ascertain a rationale of the study, a pumber of literatures were reviewed. A briel

discussion of reviewed literature is outlined as follows.
2.1 Irrigation water pricing and policy

Fujimoto and Tomosho (2003) in their article on waler pricing to the Asian humid tropics,
revealed that the OECIY has introduced a water pricing mechanism and fisled cight categorics
gleaned from experience in OECD countrics. In almost all irtipation projects in Japan, arca
charpe has been applied, and collected fees have recovered entire operation and maintenance
costs. Although effective volumictric charge is employed in seveial regions in Japan. most
farmers pay arca bascd anuual charges at soveral limes of the year via Land Improvement
Districts. In the Asian humid {ropics, it is important o facilitate the establishment of sound
managemenl organizations el irrigulion water before introducing a strict water pricing

mechanism (o levy the charge.

Cornish and Perry (2003} from their case studies on scleeted schemes in South Asian countrics
examincd that in India, water charges in the major irrigating states arc levied on a crop-hectars
basis, that 1s, ralcs vary across crops, and are charged according 1o the arca irrigated. There is
no explicit volumetric charge, but the crop is used as a proxy for volume consumed For
exarnple, the rate for iirigation of rce lield in Bihar is Rs 175/Ma (equivatent to US3 3.90/ha).
Wilh estimated conswnptive uwse [rom ireipation of 230mm, or 2500 cubic meter/ha, the

elfective price per cubic meder is USS 0.0016, or 0.16 conts.

In Sindh Province, Pukistan, the water pricing stralegy under the new Arca Water Boards
(AWDBs) still follows, by and large, the pattern set in {he [Irst half of the twenticth century willy
the price being determined politically by the Provincial Government. Farmers pay the water tax

(abiana), together with other taxes — land revenue, tocal funds and ushr — as a sinple bill.



Abiana 1s assessed on the basis of the arca under cultivation with diffcrent rates applying lor
different crops. The prices range between USE 2-8/ha, which are low in comparison with other
large-scale sysiems n South Asis. Dulferent rales apply [or pravity systems und [N channels,

the laiter subject lo double rates.

Bosworlh (2002) and Comish and Perey (2003) showed thal many countries are currently
reviewing iheir policies towards waler pricing in irrigaled agnculture. laifure to establish
charging systems that are acceplable to governments, imigation agencies and farmers has led to
a vicious circle of physical deterioration, deelining performance and unwillingness to pay in

many irrigation projects,

Bosworth (2002) in their lessens lrom the literature showed a comparative leature of water
pricing among diflerent countries. In the countrics, where irtigated arca is used a8 the charging
basis, there is o very preat range in (he prices, US$ 40-50shafyear is closer to an “average’ pricc
in more developed countries bul in India many stales charge not morc than US$ 10/halvear and
in Pakistan, the Revenue Department reecives approximately USS 1.33/ha only, whercas in

Bangladesh, average water charge is US$ 150/hafseason,

Perry (2001) crmphasized that “An orderly system of distributing water must be in place
through some existing and respecied 1egulatory framework [or allocating waler amony farmers.
If this 1s not the case or if regulations are not obscrved, then there is no immediate scope for
improving water distribution through pricing, and attention should [irst be given to clanlying
amd enforcing water rights and the rules of waler distribution™ In the developing world,
property rights in water are insecure and ineffective and 1ail-end Farmers often have insulficien

water, whilst farmers at the head take log much,

Ahmad (2000} mentioned that the policy ol setting a low price for waler does not creale the
proper incentives to use waler el(fciently or to reuse wasicwater, H also sends wrong signals 1o
the producer and consumers about the true scarcity value of resources which often leads o

over-production  over-consumption of commoedities which are resource depleting and



environmental polluting. Pricing wuter consumption “correetly’ is one means of achieving

allocation elficiency, the author noted.

GWP (2000) sel out he peneral principles [or the cost of water. They presented a (u)l anulysis
of he different cost elements that may be factored inte o caleulation of the cost of supplying
waler. GWT distinguished threc types of costs: Full Supply Costs, Full Economic Casts and
Full Costs. The full supply cost includes the cost associated with the supply of water without
consideration of exlemalitics. Full Economic costs imclude the full supply costs plus
opportunity costs and econoniic externalities, Opportunity osts acknowledye that by using th
watcr, another user is deprived of it. IT the other use has a higher socio-cconomic value, then
there are some cosls to society due to *misallocation’ of resources or incflicient use. Full Costs
include full economic costs plus economic and environmental externalities. Externalitics arise
wlen cr:rlsts or benefits associated with extraction and usc of the resource arc imposed on third

parlics.

Renzeui and Dupont (1999) evaluated a two-part water usc charge. The [Irst is annual permil
fee; the second is a volumelric charge based on consumption. The use of a permit fee will
enhance elliciency, improve water quality, inerease govermnenl revenue, and tmprove Lhe
government’s knowledge base regarding water use. Algeria has recently adopted a two-part

tariff similar to this in order to reflect the full cost of service.

Dandaragoda (1998) and Small and Carruthers (1991) examined volumetric pricing methad of

wngation waler. They showed that water melers make volumelric pricing straightforward,
involving routine maintenance and periodic meter readings. When waler flow is reasonabty
constanl, implicit volumelric pricing is possible by charging for time of delivery. This requires

much less information and can be found in small irrigabon projects with fow users per day.

Saleth {1997) illustrated that water pricing could be used to achicve water use efficiency in
India, a country where water resources arc becoming increasingly limited, Stales and provinces

of the country sel water rates, but these are not standardized and do not reflect the scarcity

value of water, Most slaies charpe for cana] waler. Area based water ratcs often vary by crop

" -



and scason, by category ot project. irtigation type and calcuory of user. 1n nost states. foc
recovery docs not cover O&M costs and In curlain slates (c.p. Bihar and Kajasthan) the

collected foes do not even cover (e cost of collestion.

Tsur & Diner (1995 and 1997) found that c[Tects of implementation costs on the performuance
of different pricing methods are signilfcant in the sense that stall changes in costs cun chunge
the order of optimality of those methods. 11 is therefore possible that o simple and neflicient
pricing method such as per arca pricing, which is relaiively inexpensive (o implement, yiclds a
higher social welfare than thal obtained with the potentially cfficient volumetric pricing
method, They also mentioned that water pricing mechanism 1n general is not very effective in
redistributing income, but it may be in a government’s national inferest to inercase wuler

availablc for cerlain sectors or citizens.

Dos & Wallers (1990) showed that urea bascd pricing is the most common method of frrigation
water pricing. In their survey of fanmers on 12.2 million ha globally, they found that in more
than 60% of the cases water is charged on a per unit area basis, Under this pricing mechanism

users arc charged lor water used per irrigated arca.

Rhodes & Sampath (1988} showed that cffects on income distribution of water pricing have
merit of its own when justified on ethical grounds. Moreover such eonsiderations often appesl

to clficiency erileria since they lend to reduce implementation costs,

Seckler, Sampath & Raheja (1988) dislinguished cfficicncy and equity into two distinct
I 3] g 1

problems when evaluating an irrigation pricing system. These are a managerial problem and a

policy problem. They nole that the performance of a system should be judped according 1o the

managerial problem.

Gardner (1983} in his study introduced the political economics in pricing of irrigation water.
The author discussed how in the irrigation economy of California, waler is a constraining inpu

and is often priced below the value of its use. This study uses the diflerence between optimal



prices and actual prices as evidence of rent secking and describes how this rent eventually

dissipate with further rent- sceking behavior,

Seagraves and Easter {(1983) examined Lhe pricing ol scarce water and showed that ihere wre
many ways that pricing mechanisms can be used to address scarce waicr supplies. Dutiny
scasonal shortages, higher marginal cost prices should be vsed 1o ration all of the walter and 1o

recover fixed costs during peak demand.

2.2 Irrigation water pricing in Bungladesh

Review of literalure on water pricing in Bangladesh showed that most of the past studies were
on pricing policy. Only few studies have been carricd out om the actual pricing and variations in

priciig.

BADC (2005) exunined that among South and South-casl Asian eounirics, irripation cost in
Bungladesh is the highest. BADC indicates (hat the cost of production of paddy {per heetare) is
much higher m Bangladesh than India, Thailand and Vietnam. Misuse of large quantity of
irrigation water, agro-ccological condition, lower irmgation efficicncy and uneven distribution
of natural waler supply throughout the vear were indicated as the maim reusons for higher

production cost of paddy in their report.

NWMP (2001) mentioned that changes are required in the system of prices and other economic
incenlives atfecting waler demund and supply in Bangladesh. Volumetric waler pricing or
tradable water allocations may be used where the objective is 1o raduce waler demand in the

agriculivral sector.

NWMP (2000a and 2000b) showed that in Bangladesh, irrigation charging basis varics it two
wilys; fixcd rale per cropping scason and per hour of pumping, Fixed rate per cropping scuson
also varies over major surlace water schemes and minor irrigation progranis. For major surface

waler schemes per heclare irigation water priee is US$ 0.43-3.01, where as in minor irrigation,
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average waler prce is US$148.77-191.29 per hectare. 1 Barind Multipurpose Developricent
Authority -{HMDA}, where only efectricity run DTWs are used, water price is USS 1.59 per

pumping hour.,

NWMP {2000c) in their report on » 'The Economies of Minor brrigation” an analysis has been
made of the ceonomic and [inancial costs and retums from mioor irgdion.  Kural
eleclrification and increased electricily supply reltability are key reguireiments to enable the
miner irrigation scelor 1o cope with the likely Nuture effects of increased scasonal watertable
decline resulting [rom the expansion of ubewell irtigation. Boro irrigation becomes financially
marginal when the average static water level falls to 8-9m. Once the depth is reaclied, i galign
of Boro crop becomes unatiractive unless electricity is made available on a sufficiently reliable
basis to enable farmers 1o adopt clectric pumping with confidence. Fven with full economic
pricing of eleclricity, suction mode Boro hrigation with waler fevel of as low as 11m is then

still viable, they demonstrated.

Mondal (2000) in his study on “Performance Evaluation of Some Selecled Deep and Shallow
Tubewells n [irigation Development™, mentioned that average irrigation waler chares in the
sludy area (Rajbari & Pangsha Thana), is much highcr compured to other irrigation prejeets.
The chaige should be decreased to distribute benefit of irrigation equally between scheme

farmers andd punmip owners.

Salch & Mondal (2000) showed that in medium scale irrigation projects, for pumped irrigation,
irrigation fee (Tk. 4330/ha) is more than double of where irrigation is supplicd by gravily (Tk.

2139/ha}.

MIMI (1996) in a survey found that in owners practicing crop share pavment {onc fourth 1o one
third of the crop at the end of the season) system. the water charges were 62 percent higher than
those under a cash payment :sys[t-::m. [IMI also found that the STW water charges increased by
about 41% and LLP water charges by 47% over the last ten years, irrespective ol system of

payment for water.



Chapter-3

Researeh Methods

3.1 Introduction

From the review of literature and also from reconnaissance 1ield visils, it was ascertained that
in Bangladesh, two major methods ol frigation water pricing are practiced in the minor
irrigation. These are semi-volumetric pricing and non-volumetric pricing. The water pricing

alse depends upon the source of cnergy used in minor irrigation,
3.2 The Study Arca

The study has been carricd out in [ive Thanas where all ihe dilferent modes (5TW, DTW &
LLP}, energy sources (electricity and diesel) and methods {non-volumetric; cash puyment and
crop share and sermi-volumelric; time basis} are practiced by the farmers. The non-volumetric
methods are arca based cash payment and output based crop share payment and the senii-
volumetric method is time basis payment. Phulpur and Haluaghat Thana of Mymensingh
District where area based cash payment system, Kumarkhali and Sadar Thana o Kushtia
District where output based crop share payment sysien, and Foba Thana of Rajshahi District
under Barind Multipurpose Development Authonity (BMDA) where time basis payment sysien
are dominantly practiced were taken as the study arca. lield survey was conducled during

2004-05 and 20035-06 trrigation scasons. Figure 3.1 shows ihe locations of the study areas,

Although for a more thorough and representative anaiysis of the different pricing methods, it
was necessary to carry oul the study in different Agro-Feological Zones (ALZs) of the country
(with different soil and agro-hydrological characteristics), time and noney constraints did not

permit such a holistic analysis.

3.3 Research Method

This study has been conducted on the basis of mainly primary data. Primary data have been

collected through pump owners and farmer’s survey to cxamine the variations of irripation



water pricing and 10 ascertain the causes behind Lhe variation of pricing in five Thanas. Few
secondary ﬁata and Information related to minor irrigation census, irrigation water pricing
mechanism and hydro-geology ol study area have been collected from different published and
unpublished reports and articles of Bangladesh Agitculture Developmuent Corporation (DADCY,
National Water Plan (NWP), Bangladesh Burcau of Siatistics {BRS) and Barind Multipurpose
Developmient Authority (DMDA).

3.3.1 Priniary Data

Primary data have been collected through extensive ficld visits over [ive distinet study arcas.
Five field visits within cach five Thanas have been carried out to collect data reyarding the
issues of imrigation modcs, energy sources and pricing methods. Fifty thiee pump owners from
five different thanas and belonging 10 53 minor irrigation equipment (STW, 1YI'W, & LLP)
groups were randomly selected and surveyed by a structured questionnaire. Stakcholder
farmers and related office personnel were also interviewed during the ficld survey. Along with
questionpaire, individual and group discussion methods were adopted in data colloction. Duts
and information en features of water pricing, tcchnica) & socic-economic causes behind (he
variation of pricing and profitabilily of the pump owners and farmers were collected during the

survey.

3.2.2 Secondary Daia

Dilterent secondary data have been collected from various relevant sources. These arc outlined

as follows:

e Time based pricing mechanisim data in Poba Thana of Rajshah districl have been taken
from BMDA report,

¢ Data related to counley’s irrigation water pricing methods have been taken from BADC ancd
NWP report.

e Location dala und map of the study arca have been tuken Trom Thana! Upazila statistics.

o Statistics of minor urigation of the Thana have been taken from BADC and BBS reports.



Figure 3.1: Locafion of the Study Area.

13

‘ BANGLADESH
Y, g;a{

LEGEND

/7 Imernational Boundary
™/ District Boundary
Sy A Coastal Boundary
N Study Area

VR
nEzaf

Kusf.f-ﬁﬂ "F""'.!: i R

|

¢

i

BAY OF BENGAL &:1 o

3

A

50 100
T Kilometers

L] i]

MAYANMAR.

— T




Chapter-4
Pricing Status of Irrigation Waiter in Study Areas

4.0} Introduciion

It bas already been mentioncd that 1o identify the variation of irrigation water pricing, a survey
was conducted over five thanas where all the different modes (STW, DTW & LLP), energy
sources (electricity and diesel), wnd methods (cash payment, crop share and time basis
payment} are practiced by the [armers. Table 4.1 shows the sample distribution of water pricing
melhods in the five thanas. In Phulpur and Haluaghat Thana, area based cash payment system
is dominantly pracliced. In Kushtia Sadar and Kumarkhali Thana, eulput hased crop share
payment system and in Poba Thana of Rajshahi disirict under BMDA, time basis payment
system is dominantly practiced. it was found from the field survey that both volumetric and
input pricing arc not practiced in any of the Thanas. Among 53 samples, 28 samples are of area
basis, 17 arc of oulpul basis and 8 are of time busis. The sample distribution of the diflerent
modes arc 30 STWs, 18 DTWs and 5 LLPs, The present pricing practices are discussed in

details in the Tollowing scctions.

4.1 Area Based Pricing

As can be scen from Table 4.1, the area based cash payment system is predominantly practiced
in Phulpur and Haluaghat Thanas of Mymensingh district. From ibe sorvey, il has been
revealed that price of irripation water varies nol only over diflerent modes but also on (he
sources of cnergy used wilthin the modes. From the discussion with the pump owners and
[armers it has been noted that the water price 13 pard by moslly lwo or three installments during
the scason but in all the cases, full payment is made before the harvest. Pump owners clamed
that the collection rate of water price is 98-100%. Table 4.2 shows the variation of prices
among diffcrent modes and power sources, From the discussion with the pump owners and

farmers, following reasons were found behind the price variations.



Table 4.1: Water pricing methods over different modes among 53 samples.
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Total

Thanas Modes | Area based | Output based | Tune based | Samples
STW 16) - 1o
DTW 04 - 03
Phulpur LLP 02 - 02
STW 06 - 06
DTW 03 - 02
Haluaghat IT.P 03 - 03
STW - 04 04
Kumarkhali DI'W - 02 {2
STW - 08 10
Kushtia Sadar | DTW - 3 03
Poba DTW - - 08 08

Total 23 17 | 08 53 |

Table 4.2: Variation of prices in area based pricing over dilferent modes and power

SOUTCEs
Mode Energy Source Prcing/ha (Tk}
STW Electricity 6000
Thesel 3000+tuel
DTW Electricity 3500
Diesel 2500 rfuel
LLP Electncity -
Diesel 3000-+fuel

© ol



4.1.1 Yariation among different modcs in arca bhased pricing

4.1.1.1 Electricity powered STW and DTW

In case of STW, the pump owners claimed that becausc of lower command area (elluet of
scale) and per hectare higher electricily bill, their per hectare average profit is less, compared (o
DI'W. Hence, in ease of STW, pumip owners ask relutively higher rent ol waler than that of the
DTW. Moreover, STWs arc rapidly increasing in number so, D'TW owpers face a competiion
with newly installed $1W pump units that results in reduction of DTW’s command area. So, in
ordcr to relain their members, the I'I'W owners charge a comparatively lower rate. In general,
with smaller command areas and fewer members, the STWs arc better managed ihan the

DTWs. The average command arcas of diffevent medes using different energy sources are

given in Table 4.3.

4.1.1.2 Diesel powered ST and DTW
Per Liectare water price of diesel powered STW is higher than that ol the D'TW and the reasons
have been mentioned in the preceding arlicle. Moreover, the STW owners also claimed that the

per heclare average O & M cost of STW s also relatively higher than that of the DTW.

4.1.1.3 Diesel powered LLP Vs DTW:
In case of LLP, as surface watcr is used, per heclare fucl consumption is generally less than that
of DTW due 1o lower lift. But, because of lower conunand arca (Table 4.3) and per hectaie

higher O & M cost, LLI's per hectare irrigation water price is higher than that of the DTW.
g p P



Table 4.3 Average command arcas of different modes 1 area based pricing

Muode Energy No. of Wells Command areadha)
STW Eleeiricily 05 03
Dicscl I 04
DTW I:dectricity (45 30
Diescl 02 25
LLP Diesel 05 4

4.1,2 Variativn belween energy sourcces

In case of eleclricity powcred modes, operation (elecineity bill), maintcnance and waler
distribution costs are paid by pump owners, But in diesel powered maodes, operation (diesel
cost) cost is provided by farmers. Farmers pay an establishinent cost to the pump owners which
inclodes maintenance, distribution. depreciation costs and also profits for using the machine.
As operation with cleetricity Is cheaper thun diesel, waler price in electricily powered modes s
less, compared to dicscl powered modes. Hence, farmers using eleclnicity get benefits ol
1educed water price compared to diesel powered modes. The operation and establishment costs

of different modes using dilterent cnerpy sources are shown in Table 4.4,

4.1.2.1 Variation within cnergy source

Variation of pricing within the same cnergy source depends on the number of irrigations per
week. In case ol two irripations per week, per heetare water price 15 higher than thal ol onc
itrigation per week for bolh the energy sources (clectricity and diesel}. 'Lhe price variations are

shown in Table 4.4,

4.1.3 Comparative anulysis of area basced pricing
Because of cormparatively higher command arca, per hectare average less fugl couswnption wwd
relatively less O & M cosl, DTW owner’s profit is usually higher Uhan thosc of the STW and

LLP. Morcover, number of STWs are rapidly increasing so, DTW owners face a competition



with newly installed pump units that results i reduction of Irrigation coverage. 3o, DTW

owners ask a relatively lower price of waler to keep the farmers within their command areas.

From Table 4.4 below it can be seen that in case of electricity powered uperation, fuel cost is
remarkably lower than that of dwese! powered operation. Fuel cost is the lowust in casc of one
irrigation per weck under cleclneily powered D'IW operalion and highest in case of two
irrigation per week under diesel powercd STW operation. As a result, in case of two irrigations
per week under dicsel powered STW operation, total irripation price is the highest. From the
table it can also he seen ihat both fuel cost and establishment cost are higher in §TWs
compared 1o DTWs. So from farmers” perspective, walcr pricing of electricity bused DTWs is
ihe cheapcst among all the modes. The diese] based modes are in general more expensive than

eleciricity based modes,

Table 4.4: Average fucl and establishment costs and tolal irrigation price over different

modes and energy sources in area based pricing

Modes Encrpy Fuel cost/ha | FEstablishment Total imgation

{Tk) cost/ha (Tk) costha (1)

A B A B A B

STW | Electricity | 1700 - 4200 . 3900 -
Diesel | 4500 | 3000 | 3000 {2500 | 7500 5500

DTW | Electnieity | 1300 - 4000 . 3500 -

Diesel | 4000 | 2700 2500 | 2500 G500 5200

LLP | Electricity | - - .
Diesel 37006 | 2500 3000 2500 1700 S04

A=2 irrigations/week, B= 1 irrigation/week



4.1.4 Pump owners’ profit in area hased pricing

It has alr:.m;iy been mentioned in article 4.1.2 that for electricity based modes ali costs (Tuel and
establishment) are borne by pump owners but lor dicsel based modes farmers pay for fucl. The
establishment cost mainly includes maintenance, water distribulion, depreciation costs and
punip owners” profit. ‘The deprecialion costs have been caleulated with average cconomic lives
of 10, 30 and J0 years for SIW. DTW and LLP respectively. Sample caleulations of
depreciation costs for ditferent modes are given in Appendix . Operation and mainignance cost
varies over diffcrent modes and power sources. All electricity based machines have lesser break
downs and are easier and cheaper to maintain. Labor cost varies in iwo ways. First, because of
comparalively higher irrigation coverage, DT W’s average labor cost per hectare becomes less
than that of STW. And sccond, in case of diesel run modes, in order to save fuel cosl, farmers
also attend the field during conveyance of water in order to check the water loss which slightly
reduces pump owners labor costs, Table 4.5 shows pump owners average O & M cost over

different modes and encrgy sources.

Based on Table 4.4 and 4.5, the pump owner’s profit margin is shown in Table 4.6 and figure
4.1. It is evident from the table and {rom the fipure thal electricity run DTWs are the most

profitable for ihe pump owners.

Table 4.5: Pump owner’s average O & M cost over diflerent modes and power SOUIces in

area bascd pricing

Modes | Energy liuel Labar | Maintenance Tolal O & M
cost/ha(lk) | cost'ha(Tk) | cost /hafTk} cosl/bal Tk}
A B A B A B A B
STW | Electricity | 1700 | - 1250 | - 300 - 3250 -
Diesel 0 0 800 | 700 | 800 600 1600 1300
DTW | Clectricity | 1500 | - 800 |- 300 - 2600 -
Dicscl 0 0 600 | 500 | 650 570 1250 1070
LLP Diesel 0 0 800 | 630 | 300 600 1600 1250

A= 2 irrigations/week, B= | irrigation/week



20

Table 4.6: Pump owners profit margin over different modes and power sources in area based

pricing
Mode Lnergy | Average O & M | Depreciation Watcr Prolit margin
cost/ha{TK) cost/ha({TK) pricctha(TK) /ha{TK)
A I3 A B A B
STW | Electricity 3250 - 1000 6000 - 1750 -
Dresel 1600 | 1300 750 3000* | 3000% 650 950
DTW | Electricity | 2000 - 1140 5500 5000 1760 -
Diesel 125G | 1070 Q20 2300% | 2500* 330 510
e Diesel 1600 | 1250 750 3000* | 3000* 650 800

A= 2 irrigations/week, B= 1 imigationsweek * Excluding fuel cost
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Figure 4.1: Area based water prices and operators’ profit margin aver different modes (E-
electricity; D- diese!)
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4,1.5 Change in water price vver time in area bascd pricing

From the discussion with the pump owners and farmers it has been revealed ibat price of
irrigation water has inercased pradually during last 15 years, For diesel run modes, as the fuzl
cosl 13 bome by the farmers, there has been only a slight increase in establishmenl cost buat the
price of diescl has increased significantly. Increasc in price of spare parls, lubricants, electricity
bill and cleclncily connection fec has contribuled 10 the inciease of the price of irrigation waler.

Table 4.7 shows the changing rate ol trrigation water prices over different vears.

Lable 4.7: Changing rate of irrigation water prices over dilferent years in Phulpur & Hatuaghat

Year | STW (Tkiha) YW (Tk/ha) LLF {Tk/ha)
Electricity | Dicsel [ Eleciricity | Diesel | Electricity Dicscl

Beforc1995 - Tk2500 | Tk3950 | Tk2000+ - Tk2500+uel
+fuel Tuel

1995-2000 | TkS500 | Tk2500 | Tk3000 | Tk2500+ - Tk2500 1uel
+{uel fuel

2000-05 Tko000 ¢ Tk3D00 | Tk5500 | Tk2300+ C - TK3000+-(uel
+luel fuel




=]
L]

4.2 Output Based Pricing

In Kushtia Sadar and in Kumarkhali, output based crop share puyment syslem is dominantly
practiced. From the survey, it has been revealed that price of ieri fation water varies depending
upon the cnergy sources of modes in Kushtia, Table 4.8 shows that in case of clectricily run
mades (hoth STW & DTW), farmais pay one lourth of their il crop which is cquivalent to
Tk.9000/ha {30 mound ricc/ha @ Th.300/mound; 1 mound is about 37 k). In case of diescl run
modes (both STW & DTW), farmers themselves pay for fuel and pay 370 kg of dry rice
(Tk.3000/ha) for getting access 1o irrigation No LLP was found for Boro ice jr sation in this

Tegion,

Table 4.8: Varation of water prices in output based pricing over different modes and CICIEY

SOUrces

Mode Energy Source Pricing/ha

STW Eiectricity ol tutal crop
Dicscl 370 ke of dry rice +fuet

DTWw Lleetricily Y ol lotal crop
Diesel 370 ke of dry rice +luel

4,2.1 Reasons behind the adoption of output based pricing

From the discussion with the pump owners, it has been revealed that the output based pricing
syslemn has been adepted because of its profitability and certainty of collection. At the end of
the scason while harvesting, pump owners can easily eollect their share ol one- fourth of the

crop as price of irrigation waler.
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I'rom the discussion with the pump owners and farmers, it has been noticed that oulput baserd
payment system has been aceepled by the [armers because of their liquidily problem. From the

farmers® point of view, production of Boro nice is often falls on risks due to natural hazards

{likc over rainfall, storms, ete.). Considering the risk factor of production, [urmers’ lecl sale by

paying through crops [rom the ficld; whatcver is the production, farmers pay one-{ourth of their

crop. I production is hampered, the result affects both frmers and pump owners.

Cultivation of Boro rice is considered as expeonsive by the farmers. Tnpul costs (i.e. water,
fertilizer, seeds, labor, pesticides ele.) are so high that during the Roro scason farmers face cash
shortage. Farmers wat 1o avoid cash payment of irrigation cost duning the scason and feel
comfortable in paying this cost aller the harvest. As in Lhis method the payment in rice is made

at the time of harvest so, the farmer’s cash expenditure during the Boro season is reduced,

4,2.2 Variation between power sources in oulpui based pricing

In eleciricity run operation, the price (which includes Tuel and establishment cosis) of irrigation
water is one-fourth of the harvested crop (Tk.9000/ha) [or both the modes. But in case of dicsel
run irrigatien, for both the mades, the cstablishment cost is 370kp of dry paddy/ha (Tk.3000).
The establishment cost is paid for getting access to irrigation and includes the mainlenance,

distribution and deprecialion costs and punp owners’ profits

4,2.3 Variation among different modes in ouiput based pricing

As it is evident [rom Table 4.8, no difference was observed in outpul bused pricing of DTW
and STW although the command areas of $TWs arc comparatively lower than those of DTWs
(Table 4.9}, With decreasing command area due to increasing number of STWs, the pump

owners have not increased the share of output in peder to remain competetive.
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Tabie 4.9: Average command areas of different modes in output based pricing

Maode Lnerpy No. o Wells Command arca (ha)

STW Electricity 07 {5
Dicsel 05 04
DTW Electriciiy 03 30
Diescl 02 25

4.2.4 Comparative analysis of output based pricing

As in output based pricing, the farmers pay a fixed share of their harvest, there is not much
dilference in irrigation water price between modes or energy sources with similar harvests, The
fuel and establishment costs and imigation price for different modes are shown in Tuble 4,10,
From the table it can be seen that in case of electricity powered operation. fuel cost is
remarkably lower than diesel powered operalion. Fuel cost is the lowest in casc of two
urigations per week under electricity powered DTW operation and highest in case of three
irrigations per weck under diesel powered 8TW operation. But total irrigation price 18 almost
the samc in botb electricity and dicsel powered operation as farmers pay one fourth of the total

crop fiom the wrigated area,

It 15 evident from the table that in output based pricing the waler price depends on the Tarmer’s
harvest and 1s independent of mode and energy source. Soil texture affcets the waler pricing in
dicsel powered modes as coarse textured soils require more frequent irrication and increases

the irrigation price (Table 4.10).



28

lable 4.10: Average fucl and establishment costs over different modes and encrgy sources in

output based pricing

Mode Energy IFuel cost/ha | Establishment costfha Total irrigation
{Tk) (Tk) price/ha (Tk)
A B A B A B
STW | Clectricity | 2100 | 1600 GO0 7400 G000 2000
Diesel 6000 | 4500 3000 3000 GO0 75000
DTW | Eleetricity | 1600 | 1300 7400 6700 2000 0000
Diesel 5000 | 3700 3000 3000 8000 G700

A= 3 imigationfweck, B= 2 irrigation/week

4,2.5 Pump owners’ profit in output based pricing

It is mentioned earlicr that cstablishment cost mainly includes maintcnance, waler distribution,
depreciation costs and pump owner’s profil. Similar to area based pricing, here also operation
and maintenance cost varies over different .modes and power sources. As electricily based
machines have lesscr breakdowns and are casier and cheaper 10 maintain, hence, O & M cost in
electricily based modes is less than that of diesel run modes. Because of comparatively higher
irrigation coverage, DTW’s per hectare average labor cost becomes less than that of STW. In
case of diesel run modes, in order to save fuel cost, farmers also attend the field during
conveyance of water in order to check the water loss which slightly reduces punp owners labor

cosls. Table 4.11 shows pump owners' average O & M cost over dilferent modes and energy

SOUCES.

Based on Table 4.10 and 4.11, the pump owner’s prolit is shown in Tuble 4.12 and Figure 4.2.

It can be seen {rom Lhe table and figure that electricity run DTWs arc the most profitablc for the

PUn OWNCLS.
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Table 4.11: Pump owners’ average O & M cost over different modes and power sources

in output based pricing

Mode | Enersy | Fuel cost/ha | Labor costtha Mainienance Total O & M

(Tk) (Tk) cost /ha (TK) costha {Tk)

A B A B A B A B
STW | Electricity | 2100 | 1600 | 1350 | 1100 326 | 300 3770 3000
Dhesel 0 {) B0 FO0 1000 750 1800 1450
DTW | Electricity | 1600 | 1300 ;7 850 750 500 250 2750 2300
Diesel t { 650 550 B50 500 1500 1150

A= 3 Trrigations/week, B= 2 irrigations/week

Table 4.12; Pump owners profit over differem modes and power sources In output based

pricing
Mode Energy Average O & | Depreciation | Water pricetha | Profit margin
M cosi/ha (Tk) | cost/ha (Tk} ({Tk) /ha (Tk)
A B A B A B
STW | Electricity | 3770 3000 1000 000 000 | 4230 | 5000
Diesel 1R00 | 1450 750 3000% | 3000* | 450 | 300
DTW | Electacity | 2750 | 2300 114G Q000 9000 | 5110 | 5560
Diesel 1500 | 1150 920 3000% | 3000* | 380 930

A= 3 irrigations/week, B=2 irrigations/week. * Excluding fuel cost




Figure 4.2: Qutput based watcr prices and operators’ profits aver dilferent modes (E-
clectricity, D-dicsel}
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4.2.6 Change in water pricing over time in output based pricing

From the discussion with the pump owners and fammers it has been reveuled (hat price of
irrigation water has changed gradually within last 15 years, anly for modes run by diese] For
electricily 1en medes there is no chaonge in punp owner’s share of output as the rate of increase
ol oulput (rice} was generally higher than thal of the inpul (eleewieily), Inercase in aumber of
dicse] run STWs and competilion among the pump owners Lave coniribuled 1o the decrease in
the pump owners’ share of the output and the priec of irrigation watcr, Table 4,13 shows the

changing rale ol frrigation water prices in output based pricing over diflerent years.

Table 4.13: Changing rale o output based irrigation water prices over different years

Year STWiha) DTW (hu)
Electricity Diesel Electricity Dicsch

Belore1993 Yaoftotal | 430 ke (dry Vs of total 430 kg (dry
crop rice}+ uel G rice)+uel

1995.2004) Yool total | 393 kg (doy Y of total 305 kg (dry
CIOP rice il cTop rice)+luel

2000-05 Yaeltlotal | 370 kg (dry Y ol Lota) 370 kg (dry
crop ricei+fuel crop rice i ucl




4.3 Time Based Pricing

''ime based irigation water pricing is practiced in Rujshali division under Barind Multipurpose
Development Authority (BMDA). In this region, due to lower groundwater table and
unavailability of surlfuce waler, lew STWs and LLPs arc used for irrigation. Beeause ol higher
suction limil, DTWs are used for Doro rice irrigation in this region. Twenty five Thanas of
diffcrent districts under Rajshahi division are extensively irigated by DTW through BMDA,
Among the 25 thanas, Poba Thana wag taken as study area, where lime bascd irripation water
pricing is dominantly practiced. No dicscl run mode is used in BMDA tirigation scheme and all

the DTWs of BMDA are run by elecirieity.

4.3.1 Yariation in pricing

4.3.1.1 ¥ariation over diffcrent capacitics of DTWs

Table 4.14 shows that pricing of per hour irrigation varics over capacity of DTWs. In this
regard per hour discharpe capacity (liters per see; Ips) determines the pricing of irrigation
water. Hence, per hour water price in a 56 lps DTW is (be highest and lowest ina 14 [ps DTW.
in Poba Thana, as DTWs of 56 ps capacity are widely used, the water pricing tssucs discussed

here are limited to 56 Ips D1'Ws.

Table 4.14: Variation of water priccs in DMDA over dillerent capacilies of 1¥['Ws.,

Mode Capacity (in Ips) Pricing/hour {Tk)

DTW 42-56 Tk. 85
21-28 Tk. 75
14-21 Tk. 70

14-< Tk. 65
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4.3.1.2 Variation due tv number of irrigations

In BMDA irrigatiun schemes, fuel cost and operation & maintenance {O & M) cosl ure borne
by BMDA. The farmers pay the labor cost [or canal maintenance and water distribution. Total
irripation price per season varies willin the same mode depending upon labor cost and on
number of irripations given during the season. From the discussion with the BMDA personnel
and the farmers it has been revealed that seil type and the distance between cropland and
location of pump cause variation in number ol irripations and pumping hours. Table 4.15 shows

the variation of tolal irrigation price due te variations in labor cost and number of irrigations.

Table 4.15: Variation of total irrigation price over labor cost and number of irripations in

BMDA

Number of Total irrigation |  Irrigation water cost)  Labor cost|  Tolal irrigation
lrrigation/scasony  hour/season'ha {Tk) Season/ha * {Tk.)'ha cost (Tk)ha

28 irrigation 75 hr Tk.6400 Tk.700 Tk 7100

32 irrigation 85 hr Tl 7200 Tlk.800 Th.E000

36 irrigation 95 hr Tk.8100 Tk.1000 Tk.O100

*Irrigation water cost includes fuel cost and O & M costs.

4.3.2 BMDA’s profit

In BMDA irrigated arca, fucl and maintenance cost arc paid by BMDA and labor cost is fully
paid by farmers. In case of 32 irrigations per ha/season, 85 hours irrigation is necded during the
whole season. DTWs of different capacities consume different units ol eleclricity per hour.
From an unpublished register book of BMDA, power consumption {unithour) over different
types of DTWs were found. Table 4.16 shows por hour electricily consumption over dilferent
types of D'I'Ws. It can be seen from the table that DTWs of 56 Ips capacities with 21m head
{which are common in the area) consume 17 units of clectricity/hour, Considering the price of
clectricity as Tk.2.50/unit, BMDA pays Tk.361(/ha/scason as fuel cost whercas farmers pay
Tk..7200/ha against 85 hours of itrigation (from Table 4.15). Trom the discussion wilh the
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BMDA officials, it has been found that (he maintenance cost ol DTW cxcluding farmers” horne

labor eost {'l’k.ﬂﬂﬂa‘hm’season} is Tk. 400/ha/scason. Table 4,17 below shows average © & M

cost and profit from the pumps and Figurc 4.3 shows the waler price and pump owners” profit

in DMDA imigaled ancas.

Table 4,16: Per hour clectricity consumption over dilferent types of DTWs in BMDA

Type of DTW Fower consumplion (unit)/hour
24 m head (56 Ips) 18 unit
21 m head (56 1ps) 17 unit
30 m head (28 Ips) 4.5 unit

Table 4.17: BMDAs average fuel and G & M cost and profit

Mode | Fucl cost/ | Maintenance | Total O & M | Deprecialion Waler Profit margin
ha (Tk} | costha (TE)* cost/ha (TK) | cosvha (Tk.) § price/halTk) /ha {Tk)
DTW 3610 400 4010 2000 7200) 1190

* excluding labor cost
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Figure 4.3: Time based watcr price and BMDA's profit for DTWs (E-clectricity)

8000
7000
6000 :
5000
4000
3000 4-——
2000 §——~
1000 {——}

price or profit (Tk/ha)

DTW-E

E price H profit

432 Change in water pricing over time in BMDA

From the discussion with the BMDA ofFicials and farmers it has been revealed that per it
price of electricity determines the per hour wnter cost, During 2001/02 to 2005/06 period per
unit electricity price hos been changed thrice and the irmigation water cost hat also been
increased accordingly. But in order 10 promotc imigation and enhance the command arca,
BMDA hos reduced per hour wntc'r cost by giving a discount of TK.5/hour during 2005/06

irrigation season. Table 4.18 shows the changing trend of imgation water price over the years.
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Table 4.18: Changing trend of irrigation water price over the years in BMDA

Years Waler cosly hour {TH Averape water
coslseason/ba (TK.)*
200102 Tlk.?5 Tk.6400
2002-03 Tk.75 Tl 6400
2003-04 Tk .80} Tk.6800
2004-05 Tk.90 Tk 7650
2005-06 Tk.83 Tk. 7200

* for 32 irrigations/season

4.3.4 Changing trend of average command arca in BMIDA
The average command area of DT'Ws in Poba Thana, DBMDA, has declined gradually in recent
years. From the discussion with the pump owners and the fanmers, the causes found behind the

declining trend were as follows:

e Due to high cost of irrigation waler and other inpuls irrigation is now considercd less
prolitable to the farmers.

e As Poba Thana is adjacent io Rajshahi city, urbanization is decreasing the land availablc for
agriculture. Table 4.19 shows the changing trend of average command area of DTWs in

Poba Thana, BMDA.
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Table 4.19: Changing trend of average command area per mode over the years in BMDA

Years Average Command arca/DTW (ha}
2002-03 20
2003-04 17
2004-05 16
2005-06 12

4.4 Comparative Analysis of Different Pricing Mcthods

In order to find out which pricing method is favorable to the [urmers and which ene 10 the
pump owners, a comparalive analysis of the diflerent pricing methods was made. In case of
clectricity run operation under area based pricing, fuel cost is relatively less and borne by pump
owners, Moreover, a major part of the labor cost is aiso borne by pump ewners. So, electricity
run operation in both STW and DTW under area based pricing {Tk.6000/ha and Tk.3500/ha
respectively} is the most suitable pricing method for the farmers. Table 4.20 shows the
corparative pricing methods for different .nmdes. Due to higher command area, less fuel
consumption per heclare and less O & M cost per hectare, clectricity run D'TWs under area

based pricing is the most favorable to the farmers.

On the other hand, electricity run both STW and DTW under output based crop
share pricing where one-fourth of die total land crop is paid as water price (Tk.9000/ha} is the
most profilable method for the pump owners, Table 4.21 and Figure 4.4 show pumip OwWnCrs

comparative profitability over dilfercat pricing methods for different modes.

Analysis of pump owners’ rcturn on investment shows that the retum is much high in case of
electricity run operation of both STW and DTW (122% & 161% respeciively) under output
based pricing. The return is low in case of diescl run STW and DTW (26% & 15%



respectively) under area based pricing, Table 4.22 and {igurc 4.6 show pump owners’ per year

retuim on investment in percenkage basis,

Table 4.20: Comparative prices in different pricing methods (or differcnl modes.

Mode Energy seurce Water pnice/ha* (Thk.)
Area based | Ouiput based | Time based
STW Electricity 6000 9000 -
Diesel 7500 1500 -
DTW Electricity 3500 9000 8000
Dicsel 6300 6700 -

*{n the basis of 2 irrigations/weck

Table 4.21: Pump owners’ profitability over different pricing methods and modes

Mode Energy source Profit'ha (Tk.y*
Area based | Ouipul based Time based
STW Elcetricity 1700 4950 -
Dicsel 025 775 -
DTW Elcetricity 1760 3560 1190
Diesel 330 930 -

*(On the basis of 2 irrigations/weck



Tabte 4.22 Pump owners' per year retum on invesiment (%)
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Mode | Encrgy source Per ycar investment/hs (Tk)* Return/ha (%)
Area Crutput Time Arca Cutput | Time
STW Electricity 4250 4000 41 125
Dicscl 2350 2200 27 36
DTW Electricity 3740 3440 6010 47 161 20
Diesel 2170 2070 15 45
LLP Diesel 2350 - - 27 -

* Investment includes O&M costs and depreciation costs.

Figure 4.4: Irrigation water prices in difTerent methods and modes {E-elecinicity; i)—di:s.:!)

Price {TkJha)

8000

6000

4000
2000

Area

Qutput

Time

ESTW-E mSTW-D ODTW-E ODTW-D




33

Figure 4,5: Compamtive aperators’ profits over differem pricing methods and modes (E-

electrcity; D-diesel)

Profit (TkJha)

STW-E STW-D DTW-E DTW-D LLP-D

EArea BOutput OTime

Figure 4.6; Pump owners' per year return on investment (%) (E-eleciricity; D-diesel)

Return on inveatment (%)

180
160
140
120
100

T

STW-E STW.D DTW-E DTW-D LLP-D

mArea EOutput OTime




i

Chapter-5

Conclusion and recommendations

5.1 Conclusion

In Dangladesh, minor irrigation system is considered crucially important in national economy
as the system covers 90% of the total imrigation coverage and plays a vital role m agricultural
production. Pricing of imigation watcr varies widely over dilerent modes and methods of
minor irrigation in the country. STW, DTW and LLP are the najor modes, electricily and
diesel are the energy sources and scmi-volumelric (lime basis payment} and non-volumetrie
{cash payment and crop share) arc the pricing methods used in minor irrigation of the country.
In this study an atlémpt has been made o identify the causes (technical and socio- economic)
behind the variation of irrigation water pricing over dilferent modes (STW, 1YTW & LLP),
encrgy sources (cleetricity & diesel) and methods {cash payment, crop share and iime basis
payment) of minor irrigation. For the study, [ive Thanas (Phulpur and MHaluaghat Thana of
Mymensingh District, Kumarkhali and Sadar Thana of Kushtia Disirict and Poba Thana of
BMDA under Rajshahi District) were selected as study areas where all the different modes,

energy sources and pricing methods are practiced.

From the study, it has been revealed that price of irrigation water varies widcly over diflerent
areas of the country. A number of lechnical and socio-economic canses were found that lead o
the varintion in water pricing in different study areas. Energy sources, number of irrigation,
type of modes and source of water (groundwater or surface water) were identified as technical
causes and prevailing method, casiness of rent collcetion, liquidity slatus of farmers and

competition among the pump owners were idenlified as socio-ecomomic causcs behind the

varialion.

Area based cash payment system is widely used for imigation water pricing in Phulpur and
Haluaghat Thana of Mymensingh District. In the study il has becn found that within the same
method, pricing varies over different modes, energy sources and number of irrigations. In both
the Thanas, whete per week 2 Irrigations are needed, average price ol irrigation water in diescl

powered STWs and DTWs arc TK. 7500/ha and Tk.6500/ha respectively. Tn clectricily
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powered opération, irigation price in $TW is Tk.6000/ha and in DLW, the price 1s Tk.5500/ha
in both the Thanas. Number of STWs are rapidly inercasing so, DTW owners face a
competition wilh newly installed pump units that results in reduction of irrigation coverage. So,
DTW owners ask a relatively lower renl of water to keep the furmcers within their command
area. Because of higher command arca and relatively less O & M cost, DTW owners tolal profit
is usually higher than those of the STW and LLP. 8o DIW becomes cheaper (o the farmers.
LLP uses surlacc water so, due to lower 1i(, per hectare (el consumption in LLP is less than
STW. Prom the discussion with the pump owners and farmers it has been revealed that price of
irrigation water has changed gradually within last 15 years, specially for meodes run by
ciectricity. Increase in pricc of spare parts, lubricants, electricily bill and elecineity connection

fees have contributed (o the increase of the price of trripation waler.

Qutput based crop share payment systen is the most common waler pricing method used n
Kumarkhali and Sadar Thana of Kustia District. In this method, In case ol electiicity run
operation, farmers pay one fourth of the total crop from the land for both the modes -STW and
DTW. In case of dicsel powered operatien, farmers pay fucl cost and 370kg of dry paddy as
establishment cost against per hectare imigation. Crop share based paymenl system has been
adopted because of the liquidity problem of the fanmers and casiness of collection. At he end
of the season while harvesling, pump owners easily can collect one- fourth of the land crop.
Farmers accepted the method bevause of liguidity problem; whatever the production, Jarmers
pay one-fourth of their land crop. From the discussion with the pump owners and farners it has
been found that the rapid increase in number of dicsel run $TWs and competition among the
pump owners have contributed 10 the gradual decrease of the price of irrigation watcr by diesel

run STWs.

Time basis semi-volumetric pricing method is practiced in Poba Thana of Rajshahi District
under Barind Multipurpose Development Authority (BMDA). In this area only cleotricity run
DTWs are used in irrigation and farmers pay per hour irrigation basis. In Poba Thana, DTWs of
56 Ips capacities are widely used and farmers pay Tk.85/- per hour of irnigation. In this method
pricing varies over consuined time of irrigation. [ncrease In maintenance and per unit eleetricity

cost have contributed to increase in per hour water eost in BMDA within last fow years.

.
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In case of -ulcclriclty run operation under output based pricing, water cost was found 10 be
almost double than that of arca bascd pricing. In casc of diesel run modes under both arca based
and output based pricing and in senii-volumetric lime basis pricing where eleciricity run DTWs
are used, the waler cost were Tound to be almost the same. Prom the analysis it has been nouced
that in all the cases {area based or output based, DTW or STW) clectricily run operation are
morc profitable to the pump owners. Elcctricity run operation under output based pricing is the
most profitable to the pump owners, on the other hand, clectricity run operation under area

based pricing is the most favorable to the farniers.

Comparative analysis of different pricing methods shiow that electricity run operation in both
STW und DTW under area based pricing (Tk.6000/ ha and TK.5500/Ma) s the most {avorable
pricing methed for the farmers. On the other hand, eleciricity run both STW and D'T'W under
output based crop share pricing (Tk.9000/a) 15 the most prolilable methed for the punp
owners. From the analysis of pump owners’ return on investment, it has been noticed that that
the return is highcst in cleetricity run STW and DTW operation (122% and 161% respectiveiy)
under oulput based pricing. In case ol electricily tun operation under area based pricing, luel
cost is relatively less and bome by pump owners, moreover, a major part of the labor cost is
also borne by pump owners so, eleciricity tun area bascd pricing becomes most favorable for
the farmers. Due to higher command areu, per hectare less [uel consumption and per hectare

less O & M cost, electricity run IYI'Ws are more suitable to the farmers compared to S 1'Ws.
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5.2 Recommendations

Based on (he findings of the study, the following recommendalions have been made:

iii)

As operators of both STWs and DTWs using electiieily arc making much profit,
regulalory measures may be imposed on waler pricing of electricity based irrigation, so

as to distnbute ihe benelit of electncily equally between [atmers and pump owners.

As domestic market price of agricultural produces and other inputs (seeds, fenilizer,
labor, pesticides ele) are same around the country, hence, a homogencous price
struciure may be ullowed in irrigation water pricing to reduce the vanations over the

same mmodes and power sources.

As electricity run operation is scen profitable o the pump owners and also {avorable to
the farmers so, clectricity coverage should be increased in rural areas to inspire

electricity based irripation in agriculture sector.

Although volumetric water pricing (time based pricing} is expecled to inprove the
waler use elliciency compared to non-volumetne pricing, this aspeet was not studicd
due to lack of facilities for Held messurements of low. Further study is needed on

comiparative waler savings in dillerent pricing methods.
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Appendix A: Calculation of depreciation costs for STW {Diesel)

Installation cost @ Tk, 20,000/-
Average ecopomic life : 10 years
Present resale value (afler expiry) : Tk, 3,000/-
Tolal depreciation (10 years) : Tk. 20,000- Tk. 3,000 = Tk. 17,000
Annualized cost: AP=1 (1+1)"/ {1+ )" 1
where, A= Annualized cost
P= Instaltation cost — Resale value
i= interest rate {12%)

n = Average economic life
So, A = 17000 % 12 (1.12)""/(1.12)" -1
= 17,000 ¥ 37/ 2.11
= 3002

Average command area of diesel powered STW : 4 hectare
Per hectare depreciation cost : Tk. 3002/4 = Tk. 750/-
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Appendix B: Calculation of depreciation costs for STW (electricity)

Installation cost (including electneity connection fee) | Tk 30,000/-
Average economic hfe : 10 vears
Present resale value (after expiry) : Tk, 1,000/~
Total depreciation (10 years) : Tk. 30,000 Tk. 1,000 = Tk. 29,000
Annualized cost: AP=1{1+10)" 7 (1+10)"- 1
where, A= Annualized cost
P=Installation cost — Resale value
i= Interest rate (12%)
n = Average economic life
So, A=729,000 ¥ 12{1.12"* /(1.1 -1
=29,000 * .37/ 2.11
= 5085

Average command ares of electricity powered STW : 5 hectare

Per hectare depreciation cost | Tk. 3085/5 =Tk 1017/-
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Appendix C: Calculation of depreciation casts for DTW (diesel)

Installation cosl : Tk, 200,000/-

Average economic life ; 30 years

Present resale value (atter expiry) : Tk. 13000/

Total depreciation (30 years} . Tk 200,000- Tk. 15,000 = Tk. 185,000/

Annuglized cost: A/P=i (1+1)"/ {1+ 1)"- 1
where, A= Annualized cost
P= Installation cost — Resale value
i= Interest rate {12%)
n = Average cconomic life
So, A= 185,000 * 12(1.12)/(1.12)* -1
= 185,000 * 3.60/ 28.96
= 22366/-
Average command area of diesel powered DTW : 25 hectare
Per heclare depreciation cost : Tk, 22966/25 = Tk. 920/-



Appendix D: Calculation of depreciation costs for DTW (clectricity)

Installation cost {including electricity connection fee): Tk, 280,000/-
Average economig life : 30 years
Present mesale valve (afer expiry) : Tk, 5,000/-
Total depreciation (30 vears) - Tk 280 000- Tk, 5,000 = Tk, 275,000/~
Annualized cost: AP=1(1+1)"/ {1+ D" 1
where, A= Annualized cost
P= Installation cost — Resale value
1= Interest rate (12%)
n = Average economic hife
So, A=275000% 12 (1.12°%/ (1.12" -1
= 275,000 * 3.60/ 28.96
= 34185/-
Average command area of electnicity powered DTW : 30 hectare
Per hectare depreciation cost ; Tk, 34185/ 30=Tk. 1140/-

Average command area of electricity powered DTW in BMDA ; 17 hectare
50, per hectare depreciation cost of DTW in BMDA | Tk. 34185/ 17= Tk, 2000/-



Appendix E: Calculation of depreciation costs for LLP (diesel)

Installation cost . Tk. 20,000/-
Average economic life : 10 years
Present resale value (after expiry) : Tk. 3,000/
Total depreciation (10 yesrs) : Tk, 20,000~ Tk. 3,000 = Tk. 17,000
Annuglized cost: A/P=i (1+14)"/{1+1)"- 1

where, A= Annualized cost

P= Instailation cost — Resaie velue
1= Interesi rate {12%)

n = Average economic life
So, A=17,000% 12(1.12)"*/(1.12)" -1
=17.000* 37/2.11
= 3002

Average command area of diesel powered LLP - 4 hectare
Per hectare depreciation cost Tk, 3002/4 = Tk. 750/-

A0
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Appendix F; Installation costs of dilferent type of STWs over dilferent years

Year of HPs Counlry Power Boring | delivery | Lengthof Cost
installation {made ) dia dia {inch) pipe & {in Tk}
{inch} filter
(in feet)
1933 ] Japan [igsel R 4 45 36,000
1986 10 fapan Diescl 4] 5 140 40,000
1995 g5 Japan Dicsel 5 4 140 30,000
1997 12 China Diesel 5 4 150 28,000
1998 8 China Electricity 5 4 150 35,000
2000 7 China DHeseal 5 4 150 16 000
2004 7 China Electncity 4 3 35 0,000
Appendix G: Installation costs of dilferent types of DTWs over dilferent years
Year of HPs | Country Puwer Boring dia | Delivery Length of Cost
instaltation {made 1n) (inch} dig {inch) | pipe&filter | (in'Tk)
i . fin {eet}

1975 264 | Enpland diesel 20 8 420 50,000
1982 25 Japan diesel 18 8 200 5,000
1985 27 | Germany | electricity - 3 180 145,000
198E 26 {ermany digsel 24 ] [BO) 185,000
1991 3 England electricity 20 3 275 240 000
1994 25 - eleciricily 18 B 33z 292000

Appendix H: Installation costs of different types of LLPs over dilferent years

Year of 1IPs Counlry {made n) l Dia of delivery Cosl (in Th)
installation . pipefinches)
1690 12 _ lapan 5 38,000
1991 B3 {China 4 24 G
1046 7 _ Clona 4 15,000
2000 12 China 5 21,000
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