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EXECUTIVE SUMMARY 

A. Purpose 

1. The purpose of this pre-investlnent study was to review the design and economics 
of a series of irrigation based mini-hydro schemes in the States of Andhra Pradesh, Karnataka, 
Kerala, and Tamil Nadu in the southern region, and Punjab in the northern region. The study was 
conducted by the Joint UNDP/World Bank Energy Sector Management Assistance Program 
(ESMAP), working in collaboration with the Department of Non-Conventional Energy Sources 
(DNES), the State Electricity Boards (SEBs) in Andhra Pradesh, Kerala, Punjab, and Tainil Nadu, 
and the Karnataka Power Corporation Limited (KPCL). The report presents the results of the 
study in terms of the techno-economic concepts that were applied to improve the designs, minimize 
investment requirements, and thereby enhance the economic merits of the schemes. The report
concludes with a economic and financial evaluation of prospective schemes in each of the five 
states. 

B. Structure of Report 

2. 	 The main text of the report (Volume I) is structured as follows: 

Chapter I: 	 Introduces the pre-investment study, reviews the objectives and scope of 
the study, and presents a brief overview of the irrigation based mini-hydro 
prospects in the States of Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, 
and Punjab. 

Chapter II: 	 Reviews the methodology used for the conceptual design of the mini-hydro
schemes and for standardization of equipment specifications. 

Chapter III: 	 Elaborates on the main considerations used to streamline the layout of civil 
works and the electrical switching and protection systems. The chapter ends 
with a summary of capital cost estimates for each scheme. 

Chapter IV: 	 Evaluates the economic viability of each of the mini-hydro schemes. The 
results are presented in terms of the economic internal rates of return, and 
the net present values at a 12% discount rate. 

Chapter V: 	 Evaluates the financial impact of the schemes on each state, assuming that 
mini-hydro "cost centers" would be established by SEBs and the goal would 
be to achieve economic cost recovery. Also, the rate of return on equity is 
evaluated for private companies that may be interested in acquiring leases 
to develop captive power operations based on some of the mini-hydro 
prospects. 

Annexes 	 Contains additional data, information, and analysis for specific points that 
are highlighted in the main text. 

Technical 
Supplement: 	 Volume II contains a complete set of design data, graphs, technical drawings, 

photographs of sites, and Volume III presents the breakdown of cost 
estimates for each scheme within the five states. 
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C. Background 

Overview 

3. In India, there is the general perception that mini-hydro schemes are economically
unattractive investments which must be assigned a lower priority relative to the large conventional 
hydropower systems. Over the past decade, the pace of India's large conventional hydropower 
program has slowed down because of: (i) the lack of financial resources in the states with the 
greatest hydropower potential; (ii) the recurring and drawn out disputes over water rights between 
states; and (iii) environmental and resettlement issues associated with large schemes; and (iv) the 
limited technical resources to proceed simultaneously with the preparation of sevcral large schemes. 
Recognizing that the above impediments do not usually arise with mini-hydro schemes, the GOI 
is re-evaluating the scope for increasing the contribution of mini-hydro scheme3 to the power 
development goals of the Eighth Plan. 

4. In a recently completed review of the country's non-conventional energy program, 
ESMAP concluded that all the basic prerequisites for economically viable mini-hydropower 
generation exist at sites in India that are associated with irrigation water storage and distribution 
infrastructure (i.e., to haines, the hydraulic energy created by discharges from irrigation dams and 
the flow of water across diversion weirs and canal drops). Compared to river based schemes, the 
cost of developing irrigation based mini-hydro schemes should be considerably lower because most 
of the civil works have already been constructed. 

5. The ESMAP assessment emphasized that the potential for power generation with 
this category of mini-hydro application was significantly large in the country because of the 
extensive infrastructure for surface irrigation; since independence in 1947, the total area under 
irrigation in the country has increased from 19.5 million hectares to over 70 million hectares. In the 
mid-1980s, the Rural Electrification Corporation (REC) conducted a survey to obtain data and 
information on the potential for power generation on existing irrigation systems in the country. The 
information supplied by the State Electricity Boards (SEBs) indicated that over a thousand sites 
associated with existing irrigation dams, diversion weirs, and canal drops were among the most 
prospective sites for mini-hydropower development. The REC survey highlighted the concentration 
of prospects in the southern region, especially in the States of Andhra Pradesh, Karnataka, and 
Tamil Nadu where over 500 sites with the potential to produce 2000 GWh annually had been 
identified. 

5. Despite the initial assessment by ESMAP, there still are doubts within the GOI 
about the economic viability of irrigation based mini-hydro schemes. These doubts persist because 
the average costs of developing pilot schemes in several states had exceeded Rs. 30,000 per kW 
installed in 1988 prices. Following the transfer of responsibility of mini-hydro schemes (up to 3 
MW capacity) from the Department of Power (DOP) to the DNES, a multi-agency Sub-Committee 
on Mini-Hydropower was convened to formulate a .Jtrategy to improve the cost-effectiveness of 
mini-hydro programs in general, and to review proposals for the Eight Five-Year Plan (1990-95). 
In parallel with the work of the Sub-Committee, the GOI through DNES requested ESMAP to 
assist further in critically evaluating proposals for new irrigation based mini-hydro schemes in 
several states, and if warranted by the findings, to address comprehensively the pre-investment 
requirements for a multi-scheme investment program for consideration by international and/or 
domestic financial institutions. 



Improving Cost-Effectiveness 

6. In response to the GOI request, ESMAP conducted a preliminary but critical 
examination of the available information and documentation on existing and proposed schemes. As 
a result, ESMAP identified three main shortcomings in the approach to irrigation based mini
hydro development in the country. First, the initial batch of schemes were conceived, designed, and 
executed as scaled down versions of large conventional hydro installations. Consequently, there 
are numerous redundancies in the designs for key features such as the layout of civil works, the 
facilities incorporated into the powerhouse structures, the selection of turbine-generator equipment, 
and the specification of electrical switching and protection systems. Second, due to the use of 
relatively complex layouts for the schemes, the gestation time to construct and commission the 
schemes has been unacceptably high. For example, it has taken over four years to complete the 
majority of the pilot schemes in the southern region. As a result of the slow pace of implementing
the construction work, there has been a significant escalation in capital costs and in interest 
payments during construction. Third, the viability of the pilot schemes were being undermined 
by the use of unnecessarily large numbers of technical staff to operate and maintain the mini
hydro schemes. The GOI concurred with the preliminary findings of ESMAP; consequently ESMAP 
proceeded with the study. 

D. Objectives 

7. The principal objective of this study 1/ was to apply techno-economic criteria to 
improve the design and economic viability of irrigation based mini-hydro schemes, and to identify, 
and prepare a medium term investment program to develop a series of irrigation based mini
hydro schemes in the southern region of India. Accordingly, the study covered previously identified 
and investigated sites in the States of Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu which 
have similar topography and irrigation regimes. At the request of the DNES, the scope of the study 
was expanded to include twelve prospective sites in the State of Punjab, all of which are earmarked 
for development under the mini-hydro component of the ongoing World Bank/IDA financed 
Punjab Irrigation and Drainage Project. 

1/ This activity was executed by an ESMAP team which comprised: Messrs. Amarquaye Armar 
(Senior Energy Planner, World Bank) the Team Leader; Alfonso Posada (Power Systems 
Consultant) the Principal Adviser; and Arcot. S. Chelvaraj (Hydropower Consultant), V. 
Sreenivasa Murthy (Electrical Engineering Consultant), and Robert A. Smith (Financial
Analyst - Consultant). Messrs. Y. K. Murthy and A. N. Singh (Management Consultants), 
former Chief Executives of the Central Water Commission and the Central Electricity 
Authority, contributed to the review of institution building aspects of irrigation based mini
hydro development; Mr. Sivaguru Chelvaraj (Researcher) assisted the team by developing 
and applying specialized computer software to process the hydrological data into design 
curves (i.e., flow duration, head duration, and energy production curves) for each scheme; 
and Mr. Okorie Uchendu (Researcher) assisted on the application of the World Bank's 
PCCOSTAB and COSTIEN computer programs for the cost estimation and economic 
evaluation of schemer The report was prepared by Messrs. A. Armar and A. Chelvaraj; the 
technical drawings we:e prepared by Mr. A. Chelvaraj and Ms. Yeshi Gonfa provided 
secretarial support. The report was reviewed and cleared by the GOI in June, 1991. The 
Government of Switzerland provided ESMAP with the funding for this activity. 
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8. The pre-investment study was structured to: (i) assess the technical and economic 
feasibility of developing between 10 to 20 prospects in each state, especially those that had already 
been investigated to at least the pre-feasibility stage by the respective SEBs; (ii) critically evaluate 
the cost-effectiveness of engineering designs and specifications that had been proposed by the SEBs, 
and to redesign each scheme to maximize the number of kilowatt hours produced annually per unit 
of investment; (iii) update and revise the estimates of the capital costs of developing the schemes, 
and to evaluate the economic and financial viability of establishing the schemes to provide energy 
and voltage support to the power grid in the respective states; (iv) explore the scope for achieving 
full cost recovery on all phases of mini-hydro development; (v) evaluate the financial returns that 
private companies and investors would realize by developing the schemes as alternative sources of 
captive generation; and (vi) prepare a comprehensive report which would define technical concepts 
and design methodology used for the study, the relative benefits and costs of the proposed program, 
investment requirements at the state level, and the financial impact of the proposed program on 
the states. Despite the focus on the southern region, the design methodology was also meant to be 
applicable in future to the preparation of similar investment programs in the other regions and 
states of the country. 

E. Prospects Studied 

9. Irrigation based mini-hydro 

schemes in India are the exclusive focus of LIST OF MINI-HYDRO PROSPECTS STUDIED 
this study. In line with the DNES mandate, DAM BASED SCHEMES CANAL DROP SCHEMES 

the original aim was to limit the scope of 
the study to irrigation based mini-hydro prospects which, on the basis of previouspro-s tstic , wLock 
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be developed as five cluster schemes. In Box 1 
addition, the study focused on twelve 
prospects in Punjab State which are located on the Sirhind and Bhakra Main Line Canals; all those 



prospects are earmarked for development under the ongoing Punjab Irrigation and Drainage 
Project. Altogether, ten of the prospects would have an installed capacity greater than 3 MW; only 
five of those schemes (i.e, the Brindavan Dam scheme in Karnataka, the Maniyar Barrage scheme 
in Kerala, the Lower Bhavani (RBC) scheme in Tamil Nadu, and the canal drop schemes at 
Thablan and Chanarthal respectively in Punjab) would require mandatory technical clearance from 
the CEA because the estimated capital costs are equal to exceed Rs. 50 million. 

F. Design Approach 

10. All the prospective mini-hydro schemes would be linked to the grid at 11/33 kV sub
stations. To be economically viable, each scheme must be able to produce energy at or below the 
marginal energy costs of generation in the grid. Furthermore, since irrigation operations must not 
be disrupted by the introduction of the mini-hydro schemes, the primary objective of design was to 
harness the optimal amount of energy from the existing pattern of irrigation discharges. 
Accordingly, the approach used in the study was to establish techno-economic criteria that would 
reflect the above requirements and operating constraints, and to use the criteria as the yardstick 
for evaluating and improving the original designs for each of the prospects. 

Economic Value of Energy Produced 

11. The economic viability of the irrigation based mini-hydro schemes was assessed in 
terms of their cost competitiveness relative to conventional sources of generation in the grid (i.e., 
from the least cost system development plan). Since India's power systems are planned and 
operated on a regional basis, the cost of generation from the proposed irrigation based mini-hydro 
schemes in the States of Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu were compared to 
the marginal costs of generation in the Southern Regional Grid, while those in Punjab were 
assessed in the context of the Northern Regional Grid. 

12. Given the large sizes of the southern and northern regional grid systems, it is clear 
that none of the irrigation based mini-hydro schemes would be large enough to significantly affect 
the system development plans of the grids so as to require deferral of capacity expansion projects 
and/or a re-optimization of the use of existing thermal stations. Rather, the principal role of the 
irrigation based miiii-hydro schemes would be to alleviate localized energy deficits by providing 
energy support to improve the quality of secvice in remote portions of the grid, thereby displacing 
higher cost energy supplies from thermal power stations and reducing the extent of standby diesel 
auto-generation by industrial and commercial establishments. 

13. Accordingly, the economic value of the benefits of the mini-hydro schemes were 
derived in terms of the avoided costs of energy supply at the 33 kV level from the regional power 
grids. 'Ihe high degree of congruity between the seasonal discharge of irrigation water and the 
seasonal variations in peak load within both regional grids, suggests that a capacity credit should 
be considered as an additonal benefit of the proposed irrigation based mini-hydro schemes. 
However, given that the irrigation discharges are restricted to between nine to ten months each 
year, and that the SEBs do not have effective control of water flows even during those months of 
sustained operations, energy generation levels and capacity availability were considered to be "non
firm". Accordingly, capacity credits attributed to the proposed schemes were not quantified for the 
purposes of this evaluation which lends a conservative bias to the economic value of the benefits. 

14. During off-peak hours of service, the avoided costs of energy supply from the grid 
consists of the fuel costs plus variable operating and maintenance expenses of the less efficient or 
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marginal stations in service (i.e, the short-run marginal costs of generation); t-e average of the 
avoided costs of energy supply from the grids was determined to be Rs. 0.55-0.60 per kWh, which 
after adjusting upwards to acount for 15% T&D losses resulted in the estimate of Rs. 0.63-0.69 
per kWh for the economic value of energy produced during off-peak periods by the irrigation based 
mini-hydro schemes. By contrast, during the per iods of daily peak demand (about 5 hours), power 
outages are widespread and large numbers of industrial and commercial consumers resort to the 
use of standby diesel generators. Under those circumstances, the avoided costs of energy supply 
were estimated to be equivaient to the variable costs of auto-generation from stand-by diesel units 
that are operated by commercial (Rs. 1.31 per kWH) and Industrial (Rs. 1.16 per kWh) 
establishments. Combining the avoided costs of energy during the off-peak and peak periods, the 
composite value of the energy produced by the proposed irrigation based mini-hydro schemes was 
estimated to be of the order of Rs. 0.80 per kWh. 

Techno-Economic De.,ign Criteria 

15. In designing economically viable irrigation based mini-hydro schemes, the primary 
objective is to maximize the number of kilowatt hours produced annually per unit of investment; 
this techno-economic criteria is referred to as the annualenerg productivity of a given scheme. The 
robustness of the sizing procedure (i.e., maximizing annualenergy productivity) was checked against 
the more elaborate analysis which calcr'lated the B/C ratios for the incremental generation by each 
additional unit for prospective dam based schemes. The analysis confirmed that the energy 
productivity concept provides reliable and consistent techno-economic criteria for selecting the 
optimal the plant size. 

16. During preiiminary design, an iterative procedure was used to select and evaluate 
different configurations of multi-unit turbine-generators. Each configuration was screened to ensure 
that energy would be produced for Rs. 0.80/kWh or less; for design purposes, this required that 
each scheme would have to produce a minimum of 20.6 kWh annually per 100 Rs. invested to be 
competitive economically with power supply from the grid. 

Standardizationof Designs 

17. To improve upon the original designs, considerable attention was given to identifying 
practical measures to minimize capital costs. For turbine-generator units, this was achieved by 
developing a set of standardized specifizations according to available heads and discharges. As a 
result, a set of eight standardized specificatiorts based on runner diameters were developed for the 
turbine requirements of all fifty-three schemes, ranging in diameter from 2800 mm. to 1000 mm 
(i.e., for fixed blade tubular turbines). Similarly, a set of eight standardized capacities were specified 
for the induction (asynchronous) generators; the minimum capacity was 350 kW and the maximum 
was 3500 kW. All redundant equipment and instruments that had previously been incorporated into 
the electrical protection and switching arrangements were eliminated. Standardized single line 
diagrams and electrical protection schemes were developed to cater to the requirements of all the 
fifty-three schemes. To minimize the costs of civil works, alternative layouts and designs of the main 
civil structures were re-defined and evaluated according to three criteria: (i) structural modifications 
to the existing irrigation facilities were reduced to a minimum; (ii) layouts of civil structures and 
electrical switching systems were streamlined to facilitate construction, so that schemes would be 
implemented within two irrigation seasons; and (iii) layouts were specified so as not to cause any 
permanent loss of productive agricultural land. To the extent possible for each category of mini
hydro scheme, a set of standard designs was developed for main civil structures, particularly the 
powerhouse structures, and the water intake and conveyance structures. 

http:0.63-0.69
http:0.55-0.60
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EnvironmentalImpacts 

18. Prior to developing the schemes, each of the SEBs will need to obtain the necessary 
clearances from agencies that are responsible for forestry and environmental protection at the 
central and state GOI levels. Accordingly the revised designs were reviewed to ensure that none 
of the schemes would have a negative impact on the environment or lead to the resettlement of 
nearby communities. Since the majority of the schemes are located in agricultural areas, special 
attention was given to specifying layouts for civil structures in a manner that would obviate the need 
to permanently destroy any productive agricultural land. For example, in canal drop schemes that 
utilize by-passes, the revised designs inLorporate closed conduits for this reason. Similarly for the 
dam based schemes, the revised designs represent a marked improvement over the original ones 
because major new civil works to create water intake and conveyance structures such as tunnels 
have been eliminated. Furthermore, none of the schemes will lead to the resettlement of 
communities or the displacement of existing farms. In each case, special care was taken to ensure 
that the water conveyance structures as well as the grid-tie arrangements would make maximum 
use of existing rights-of way for the states. 

Cost Estimation Procedure 

19. Using information on 1990 proforma (budgetary) price quotations for equipment and 
materials that were made available by the SEBs as well as by international and local manufacturers 
and suppliers, the base costs of the main components of each scheme were computed. Total capital 
costs were estimated by increasing the base costs to incorporate: (i) the installation costs of the 
main items of equipment; (ii) physical contingencies; (iii) price contingencies to reflect inflation; 
and (iv) taxes and duties. Because of the detail provided in the standardized specifications for 
equipment and instrumentation, and the use of a minimum of civil work. to establish the schemes, 
physical contingencies were calculated to be 5% of base costs. Price contingencies were derived 
assuming that the annual inflation rate (local costs) would vary from 8.4% in 1991, 7.0% during 
1992-93, and decline to 6.6% by 1994. It also was assumed that taxes on the main cost items would 
be levied at 3% for civil works, 6% for electro-mechanical equipment, and 3% for electrical systems. 
More detailed and site specific development plans, including implementation schedules which 
dovetail with the irrigation system operating plans, would need to be prepared before more 
elaborate disbursement profiles for each state can be prepared. 2/ 

G. Evaluation of Schemes 

Economic Evaluation of Schemes 

20. For economic analysis, a distinction was made between costs expressed in economic 
terms and those expressed in financial terms. In line with World Bank practice for economic 
analysis on India, tne domestic component of the capital costs for equipment and civil works were 

2/ 	 The estimates of the base costs of the main components of each scheme, especially the 
electro-mechanical equipment, and the assumptions about the annual rate of inflation and 
price contingencies need to be revised due to the GOI decision in July, 1991 to adjust the 
exchange rate for the Rupee to a level of about Rs. 25 per US Dollar. During the period 
of the ESMAP study, the exchange rate was in the range between Rs. 17.5-18.5 per US 
Dollar. 
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adjusted by applying a standard conversion factor of 0.8, and removing taxes and duties. Annual 
operating and maintenance costs were taken to be equivalent to 2% of capital costs over the 25 year
economic life of each scheme. The economic value of the energy benefits would be Rs. 0.80/kWh;
it is expected that during detailed design of the proposed India Renewable Energy Development
Project, a more comprehensive assessment of the benefits would be made to incorporate capacity
credits at ajustified level. 

Cost Recovery Requirements ForSEBs. 

21. One of the goals for the follow-up to this study is to demonstrate that, despite the persisting
financial problems of the SEBs, the schemes in each state could be executed and managed by SEBs 
in a manner that would ensure economic cost recovery. During the study, discussions were held with 
senior officials at the state level to define a suitable framework for involving the SEBs in the 
implementation the mini-hydro schemes. The discussions centered primarily on the need to
streamline project management arrangements in each state, and to introduce an effective system
for monitoring and controlling the cost-effectiveness of mini-hydro schemes; the overall aim, despite
the persisting financial problems of the SEBs, was to ensure that the mini-hydro programs in each 
state would be managed by SEBs in a manner that would ensure economic cost recovery. The 
consensus reached was that it would be feasible to set up mini-hydro "cost centers" in the respective
SEBs to record, control, and monitor all costs associated with the mini-hydro program, and to track 
progress in constructing and operating the schemes to achieve economic cost recovery and self
sufficiency. Accordingly, one objective for the financial analyses was to determine the "profitability"
of the proposed SEB mini-hydro "cost centers". 

ECONONIC EVALUATION OF DAN BASED NINI-HYDRO SCHEJES
 

SCHEME NAME INVESTMENT ENERGY PROD. EIRR NPV @12% 
(Rs./kW) (kWh pa/lO0 Rs.) CX) (Rs.miL%)cn) 

KARNATAKA 
Brindavan 5592 117.5 65.7 428.7 
Harangi 5942 51.8 30.8 103.0 
Kabini 10972 29.8 17.5 57.8 
Nugu 8827 32.2 19.1 50.0 
Deverebeterkere 5204 58.9 42.1 61.0 
Mudhot 8915 58.3 34.5 33.2 
Mataprabha 8228 44.2 26.3 50.4 

TAMIL NADU 
Lower Bhavani 5891 58.3 34.6 172.6 
Thirumurthy 9602 45.9 30 : 64.4 
Amaravathy 8482 46.1 21.4 75.3 
Atiyar 11642 61.6 38.5 57.7 
Sathanur 5362 75.7 44.0 136.9 
Peechiparai 11724 33.2 19.7 43.9 
Perunchan! 12962 26.5 21.3 39.0 

ANDRA PRADESH 
Lower Manair 9297 71.3 41.4 136.5 

KERALA 
Peechl 7836 73.2 41.2 210.0 
Mangalam 14140 20.4 13.5 10.6 
Kuttiyadi 9130 55.7 40.7 199.5 
Maniyar 5426 71.4 41.1 394.9 

SOURCE: ESMAP estimates
 

Table 1 
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ECONOMIC EVALUATION OF MINI-HYDRO SCHEMES AT CANAL DROPS AND WEIRS 

SCHEME NAME INVESTMENT ENERGY PRO0. EIRR NPV @12% 
CRs./kW) (kWh pa/lao R3.) C) (Rs.miltioi) 

ANDHRA PRADESH 
Guntur BC CLuster 12395 44.3 22.9 429.8 
Adanki BC Cluster 12891 21.3 14.2 119.4 
Lock-In-SuLa 9807 56.0 29.2 97.0 

PUNJAB 
Bhatinda BC CLuster 14702 38.5 20.4 91.5 
Kotta BC Cluster 19478 27.9 14.7 222.1 
Abohar BC CLuster 17396 29.6 18.6 305.2 
Bhakra Cluster 14406 51.0 19.7 368.5 

KARNATAKA 
Shahpur BC Cluster 16981 21.6 13.3 206.8 
Attehala Weir 22560 28.6 12.2 22.7 
Maddur (MBC 1) 10089 44.4 29.1 67.8 
Kilara (MBC 2) 16199 26.5 13.9 55.2 
Anveri 10245 42.8 29.3 44.0 
Rajankoltur 9848 30.3 20.3 49.8 

SOURCE: ESMAP estimates 

Table 2 

22. The minimum cashflow requirements of the SEB mini-hydro "costcenters"were computed 
based on full recovery of costs incurred due to debt servicing plus the annual operation and 
maintenance of schenes (i.e., estimated to be 2% of capital cost per annum). Since the goal is to 
achieve economic cost recovery, it was assumed that revenues would accrue to the mini-hydro "cost 
centers" from the "sale" of energy to the grid; as such the financial value of the revenue generated 
by the mini-hydro "cost center" was established in terms of: (i) the tariff paid for bulk power 
imports into each state (i.e., from the National Thermal Power Corporation); and (ii) the average 
tariff for power sales from the grid in each state. 

CASHFLO, BALANCE FOR MINI-HYDO UCOST CENTERS" 

TOTAL ENERGY WEIGHTED AVERAGE NET REVENUES FOR 

STATE CAPACI'rY OUTPUT AV. COST TARIFF "COST CENTERS" 

(MW) (GWh/yr.) (Rs./kWh) (Rs./kWh) (Rs. miLlions p.a) 

Andhra Pradesh 19.5 95.3 0.49 0.62 10.5-12.4 
KeraLa 26.6 120.0 0.29 0.53 28.8-37.4 
Karnataka 37.7 170.0 0.44 0.73 27.3-49.4 
Tamt Nadu 24.8 81.5 0.39 0.87 17.1-39.1 
Punjab 22.2 133.0 0.51 0.67 12.0-21.4 

Source:ESMAP estimates; SEBs and KPC.
 

Table 3 



24. Based on the minimum cashflow calculations, it was determined that the weighted 
average costs of generation for the "cost centers" in the southern states would vary from 
Rs.0.29/kWh in Kerala to 0.49/kWh in Andhra Ptadesh (Table 3). Similarly in Punjab State, the
weighted average cost of generation for the mini-hydro "cost center" was estimated to be Rs. 
0.51/kWh. At present, the tariff for NTPC bulk power supply into the state grids in the southern 
region is R3. 0.60/kWh. With the exception of Kerala, which is entirely dependent on hydropower,
the average tariff for sales in the jouthern region is higher than the rate paid for NTPC supply. The 
average tariff for sales is Rs. 0.53/kWh for Kerala, and varies from Rs. 0.62-0.87/kWh in the other 
three states; for Punjab, the average tariff is Rs.0.67/kWh. Hence the net revenues in excess of 
minimum cashflow requirements would be positive for the mini-hydro "cost centers" in each state,
indicating that the mini-hydro "cost centers" would be self-supporting (Table 3). 

Return on Equity for PrivateSector Schemes 

25. Because the SEBs have limited resources available to accelerate the development
of irrigation based mini-hydro schemes, the State governments have taken steps to encourage
private sector participation in the develcpment of the prospects; new guidelines and regulations
have recently been issued to foster private sector participation in mini-hydro development as an
alternative source of captive generation; in response, several private companies have expressed an
 
interest in developing the schemes to improve the reliability of power supply to their associated 
industrial plants. The Karnat.-ka State Government, for example, has approved leases for private
development of several prospective mini-hydro sites including the canal drop sciieme at Maddur,
and the dam based scheme at Mudhol, both of which are covered in this report. Accordingly, a 
sample evaluation was made to determine the financial rate of return on equity that would be 
realized by the prospective private investors, based on the conditions stipulated in lease agreements
in Karnataka. It has been assumed that the private companies would obtain up to 50% of the 
investment required in the form of loans from the Indian Renewable Energy Development Agency
(IREDA) which currently would be available at an interest rate of 12.5% p.a with 10 years maturity. 

26. With the conditions of the lease agreements in Karnataka, and assuming that designs
presented in this study are adopted, the cost of generation at the Maddur canal drop would be 
Rs.0.73/kWh and at Mudhol, Rs.0.61/kWh. The installed capacity of the irrigation based mini
hydro schemes will not be available at all times during the year; accordingly, the financial savings
were confined to the variable costs of industrial diesel auto-generation (Rs. 1.16/kWh). Taking into 
account the annual generation of each scheme, the deductions that would be allowed for
depreciation (i.e., assuming 20 year straight line depreciation), wheeling charges to be levied by the 
Karnataka Electricity Board (KEB), but not the payments to be made to the State in lieu of
electricity duties and the levies for maintenance of the irrigation reservoirs, the return on equity
contributed by the private companies to develop each scheme would be 45% for the Maddur 
scheme, and 75% for the Mudhol scheme. Primafacie it would seem that development of the two 
schemes would be an attractive investment for private companies which need to secure a non
diesel source of captive power; private companies, especially those that plan to acquire diesel 
generators, would be in a position to pay royalty charges to gain access to the use of regulated
water flows from irrigation reservoirs such as has already been proposed in Karnataka. 



-xi-

H. Proposed Mini-Hydro Demonstration Program 

27. All the twelve schemes in Punjab State are earmarked for development by the PSEB 
using World Bank/IDA financing for the mini-hydro component of the ongoing Punjab Irrigation 
and Drainage Project. The schemes in the southern region are to be developed as part of the mini
hydro demonstration component of the proposed India Renewable Energy Development ProjeLt. 
Under the proposed project, the World Bank is to provide financing to the GOI to establish a 
funding facility for mini-hydro develo-ment. It is envisaged that SEBs as well as private sector 
companies would be eligibe fr. loans horn the facility to develop the irrigation based mini-hydro 
prospects. Subject to the detailed preparation and appraisal of the proposed project, it is expected 
that the World Bank would provide technical assistance to address the following requirements for 
effective implementation of the s.hemes: 

(a) strengthening the capacity of IREDA to administer the funding facility in a manner that 
would accelerate the development of economically and financially viable mini-hydro schemes based 
on design prirciples and approach presented in this report. If feasible, a separate revolving fund 
would also be established at IREDA for pre-investment wo:k needed to sustain the pipeline of 
viable mini-hydro projects; 

(b) conducting in-service training programs under DNES/IREDA sponsorship to develop 
the capability of professional personnel (i.e., from SEBs, private sector, etc.) involved in planning 
and executing irrigation based mini..hydro schemes, especially the investigation, design, construction, 
operation, and maintenance of grid-tied schemes; 

(c) strengthening the capacity of DNES to prcjmote and support a nationwide effort to 
improve planning and policy formulation for mini-hydro development, and to accelerate the 
investigation and preparation ofprefeasibility studies for prospective mini-hydro schemes associated 
with existing and planned irrigation dams and canal systems in all states. 

(d) strengthening the capacity of the SEBs to implement the mini-hydro programs, especially 
on technical matters such a identifying, investigating, and preparing preliminary designs for mini
hydro prospects, and on project management involving the application of "cost centers" and project 
matrix arrangements to implement the schemes (e.g., supervising procurement and construction 
work, etc.). 

28. During the study, discussions were held with senior officials at the Central and State GOI 
levels and the SEBs to define a suitable framework to minimize implementation delays. The 
consensus reached was that the following arrangement may be needed to strengthen the capacity 
at the state level to accelerate irrigation based mini-hydro programs during the Eighth Plan. Further 
work is required to resolve the issue- below, taking into account the particular organizational 
settings in each state, and more in-depth World Bank appraisal of the proposed project. 

29. Inter-Agena Coordinationat State Government Level. The key agencies for developing 
irrigation based mini-hydro schemes are the SEBs and the Irrigation Departments. Currently, 
coordination between the two agencies on matters concerning investigation, design, construction, 
and operation of schemes usually is ad-hoc. There is consensus on the need to formalize such 
coordination by establishing Mini-Hydro Coordination Committees in each state. It is envisaged that 
such Committees, vorking under the chairmanship of the Secretary, Department of Power and/or 
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Energy in the respective state governments, would meet at least once every six months to' review 
progress, especially to resolve any issues and bottlenecks that may arise in the mini-hydro program,
especially in arranging for all the necessary approvals of proposals that would be submitted by bothpublic and private sector organizations for the design and construction phases of each scheme.
These arrangements need to be formalized before the implementation of the schemes gets
underway for the proposed project. 

30. Establishment of Mini-Hdro Cells in SEBs. At present, there are no clear lines of
accountability within the SEBs for the functions associated with mini-hydro development. Typically,
the technical staff involved in the design, construction, and operation/maintenance phases of the
mini-hydro are scattered in several departments within the SEBs. For the most part, persons
designated as Project Managers for mini-hydro schemes have no direct administrative control over
the staff involved in the design and implementation functions. In anticipation of an expanded minihydro program during the Eighth Plan, some steps have already been taken to improve coordination 
among the SEB technical staff; the approach has been to establish Mini-Hydro Cells or Divisions
under the supervision of a Chief Engineer. For example, the PSEB already has established a Mini-
Hydro Division under the supervision of the Chief Engineer (Mukerian Project); and the TNEB
maintains a Mini-Hydro Cell under the supervision of the Chief Engineer (Civil Designs). On theother hand, the KPC has adopted the project matrix approach under which the Chief Engineer
(Planning and Renewable Energy) takes charge of all aspects of the mini-hydro program, drawing
as necessary on personnel from other departments. The roles and responsibilities of the Mini-
Hydro Cells or Divisions need to be further elaborated, especially if the role of each SEB eventually
becomes one of a State Nodal Agency to which the Committees could delegate some statutory tasks,such as securing formal clearances for the schemes from agencies responsible for regulatory matters
concerning forestry and environmental protection, etc. 

I. Conclusions 

31. The study provides a systematic framework for designing economically viable mini
hydro schemes using the country's extensive infrastructure for surface irribation. The mini-hydro
component of the proposed India Renewable Energy Development Project is intended to translate
the results of this study into a viable and cost-effective approach to develop the mini-hydro potential
that is associated with the country's vast network of surface irrigation infrastructure, and to increase
the contribution of such low cost and environmentally benign schemes to the overall strategy to
reduce power supply deficits and improve service quality in outlying parts of the grid. The next steps
are to proceed to prepare detailed designs, cost estimates, technical spe ifications for procurement
purposes, and implementation plans for the mini-hydro schemes in each of the states covered bythis study, and to systematically identify and develop similar schemes in the remaining states of the 
country. 



I. INTRODUCTION
 

A. Background 

1.1 In India, there is the general perception that mini-hydro schemes are economically 
unattractive investments which must be assigned a lower priority relative to the large conventional 
hydropower systems. Over the past decade, the pace of India's large conventional hydropower 
program has slowed dowr because of: (i) the lack of financial resources in the states with the 
greatest hydropower potential; (ii) the recurring and drawn out disputes over water rights between 
states; and (iii) environmental and resettlement issues associated with large schemes; and (iv) the 
limited technical resources to proceed simultaneously with the preparation of several large schemes. 
Recognizing that the above impediments do not usually arise with mini-hydro schemes, the GOI 
is re-evaluating the scope for increasing the contribution of mini-hydro schemes to the power
development goals of the Eighth Plan. 2/ 

1.2 In a recently completed review of the country's non-conventional energy program,
the Energy Sector Management Assistance Program (ESMAP) concluded that all the basic 
prerequisites for economically viable mini-hydropower generation exists at sites in India that are 
associated with irrigation water storage and distribution infrastructure (i.e., to harness the hydraulic 
energy created by the discharge of water from irrigation dams, and across diversion weirs, and canal 
drops). 3/ 

1.3 Since independence in 1947, the total area under irrigation in the country has 
increased from 19.5 million hectares to over 70 million hectares. In the mid-1980s, the Rural 
Electrification Corporation (REC) conducted a survey to obtain data and information theon 
potential for power generation on existing irrigation systems in the country. The information 
supplied by the State Electricity Boards (SEBs) indicated that about eight hundred sites associated 
with surface irrigation structures in eight states were among the most prospective sites for mini
hydropower development (Table 1.1). 

IRRIGATION BASED MINI-HYDRO PROSPECTS IN SELECTED STATES 

STATE NO. OF SITES ESTIMATED CAPACITY
 
IDENTIFIED (MW)
 

Andhra Pradesh 283 112
 
Karnataka 197 159
 
Tamil Nadu 33 115
 
Maharastra 114 69
 
Uttar Pradesh 62 153
 
Punjab 44 79
 
Bihar 38 34
 
West Bengal 23 57
 

794 	 778
 

Source: 	 REC, CEA, DNES.
 

Table 	1.1 

2/ 	 India's hydropower potential is equivalent to about 100,000 MW of which only 5000 MW 
is associated with mini-hydro sites. Only 16,000 MW have been developed; some 47,000 MW 
are under construction, and a further 23,000 MW are at various stages of planning. 

3/ 	 In November, 1988, ESMAP issued a report: "India: Opportunities for Commercialization 
of Non-Conventional Energy Systems". 
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Despite the initial assessment by ESMAP, there still are doubts within the GOI 
about the economic viability of irrigation based mini-hydro schemes. These doubts persist because 
of recent experience with the construction of pilot irrigation based mini-hydro schemes in the 
country. During the Seventh Plan, the SEBs in the south initiated construction work on sixteen 
schemes (Table 1.2); as of September, 1990, only six of those schemes had been commissioned. 
In cost effectiveness terms, the schemes developed in Kerala were the most competitive (Rs. 14,000
19,000/kW); altogether, about Rs. 260 million was spent to develop three irrigation based mini
hydro schemes. In Andhra Pradesh, the pilot program concentrated on mini-hydro prospects on the 
Kakatiya D83 Branch Canal. Work was initiated on six canal drop schemes, three of which already
have been commissioned; as indicated in the table below, the expenditure on the schemes have been 
in the range of Rs.19000 to 28,000 per kW installed. The least cost effective schemes were in 
Karnataka. About Rs. 317 million was invested to develop four schemes with a total capacity of 
about 11 MW; the expenditure on three of the four schemes exceeded Rs. 48,000/kW installed. 

ESTIMATED COSTS OF PILOT SCHEMES IN SOUTHERN REGION 

STATE/SCHEME CAPACITY INVESTMENT a/ 
(kW) (Rs. mit.) (Rs./Kw) 

ANDHRA PRADESH 
Kakatlya BC ( 3*220 12.5 18939 
CLuster 1 ( 3*220 13.1 19848 

( 3*220 14.4 21818 

Kakatiya BC C 3*500 23.0 23000 
Ctuster 2 ( 3*500 

( 3*500 
24.6 
24.1 

24600 
24100 

KARNATAKA
 
Sirwar 1*1000 49.6 49600
 
Katmata 1*400 34.0 85000
 
GanekaL 1*350 17.3 49429
 
Mat Lurpur 2*4500 216.6 24067
 

KERALA
 
Peppara 1*3000 56.7 18900
 
Madupatti 1*2000 33.2 16600
 
Chimoni 1*2500 36.0 14400
 

TAMIL NADU 
Lower Bhavani(LBC) 4*2000 207.5. 25938 
Vaigai 2*3000 140.1 23350 
Pykara 1*2000 69.1 34550 

a/ aL estimates in 1988 prices.
 

Source: APSEB, KSEB, PSEB, TNEB, KPC.
 

Table 1.2 
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1.5 The cost of developing irrigation based mini-hydro schemes in other regions of the 
country have also been high. For example, the Punjab State Electricity Board (PSEB) recently
commissioned four schemes which are located on canal drops located it Nidampur, Rohti, Tuhi, 
and Daudar on the Sirhind Canal (Map - IBRD 22785). The average expenditure for the schemes, 
which have a combined capacity of about 4 MW, 4/ was about Rs. 30,000/kW installed. 

1.6 The private sector has been invited to participate in developing irrigation based 
mini-hydro schemes; the performance so far also has been poor. In Karnataka, the State 
government initially offered leases to allow private companies to develop six prospective sites. Six 
private companies signed leases to develop one or more sites; only one was able to mobilize the 
resources required to begin construction at the site. Eventually, the leases for the remaining sites 
lapsed. The Karnataka Power Company (KPC) took over responsibility for the development of two 
of those sites. 

Improving Cost-Effectiveness 

1.7 Following the transfer of responsibility of mini-hydro schemes (up to 3 MW capacity)
from the Department of Power (DOP) to the DNES, a multi-agency Sub-Committee on Mini-
Hydropower was convened under the auspices of the DNES Working Group for the Eighth Plan 
to formulate a strategy to improve the cost-effectiveness of mini-hydro programs in general, and 
to review proposals for the Eight Five-Year Plan (1990-95). In parallel with the work of the Sub-
Committee, the GOI through DNES requested ESMAP to assist further in critically evaluating
proposals for new irrigation based mini-hydro schemes in several states, and if warranted by the 
findings, to address comprehensively the pre-investment requirements for a multi-scheme 
investment program for consideration by international and/or domestic financial institutions. 

1.8 Following the request for ESMAP assistance, a preliminary but critical examination 
was made of available information and documentation on the existing and proposed schemes. As 
a result, ESMAP identified three main shortcomings in the approach to irrigation based mini
hydro development in the country. First, the initial batch of schemes were conceived, designed, and 
e,cecuted as scaled down versions of large conventional hydro installations. Consequently, there are 
numerous redundancies in the designs for key features such as the layout of civil works, the facilities 
incorporated into the powerhouse structures, the selection of turbine-generator equipment, and the 
specification of electrical switching and protection systems. Second, due to the use of relatively
complex layouts for the schemes, the gestation time to construct and commission the schemes has 
been unacceptably high. For example, it has taken over four years to complete the majority of the 
pilot schemes in the southern region. As a result of the slow pace of implementing the construction 
work, there has been it significant escalation in capital costs ".nd in interest payments during
construction. 5/ Third, the viability of the pilot schemes wr.e being undermined by the use of 
unnecessarily large numbers of technical staff to operate and maintain the mini-hydro schemes. The 

4/ 	 The schemes were developed as part of a pilot program that was funded exclusively by the 
State Government in Punjab. 

5/ 	 In Tamil Nadu, such delays resulted in marked increases in the costs of establishing all three 
pilot schemes. Over the five years that it took to develop the schemes: the costs of the 
Lower Bhavani scheme increased from Rs. 207 million to Rs. 241 million; the costs of the 
Vaigai scheme also increased from Rs. 140 million to Rs. 162 million; and that for the 
Pykara scheme, from Rs. 70 million to Rs. 82 million. 
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GOI concurred with the preliminary findings of ESMAP; consequently ESMAP proceeded with the 
Pre-investment study. 

B. Objectives 

The principal objective of this study was to apply techno-economic criteria to 
improve the design and economic viability of irrigation based mini-hydro schemes, and to identify
and prepare a medium term investment program to develop a series of irrigation based mini
hydro schemes in the southern region of India. Accordingly, the study covered previously identified 
and investigated sites in the States of Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu which 
have similar topography and irrigation regimes. At the request of the DNES, the scope of the study 
was expanded to include twelve prospective sites in the State of Punjab, all of which are earmarked 
for development under the mini-hydro component of the ongoing World Bank/IDA financed Punjab 
Irrigation and Drainage Project. 

to be applicable to 

1.10 The pre-investment study was structured to: 

(a) assess the technical and economic feasibility of developing between 10 to 20 
prospects in each state, especially those that had already been investigated to at least 
the feasibility stage by the respective SEBs; 

(b) critically evaluate the cost-effectiveness of engineering designs and specifications that 
had been proposed by the SEBs, and to redesign each scheme to maximize the 
number of kilowatt hours produced annually per unit of investment. Also the aim 
was to determine the minimum infrastructure and equipment required to establish 
each scheme; 

(c) update and revise the estimates of the capital costs of developing the schemes, to 
evaluate the economic and financial viability of establishing the schemes to provide 
energy and voltage support to the power grid in the respective states; 

(d) explore the scope for achieving full cost recovery on all phases of mini-hydro 
development; and 

(e) evaluate the financial returns that private companies and investors would realize by
developing the schemes as alternative sources of captive generation; 

(f) prepare a comprehensive report which would define technical concepts and design
methodology used for the study, the relative benefits and costs of the proposed 
program, investment requirements at the state level, and the financial impact of the 
proposed program on the states. 

1.11 Despite the focus on the southern regior., the design methodology was also meant 
the preparation of similar investment programs in the other regions of the 

country. 
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C. Conduct of Pre-Investment Study 

1.12 The fieldwork was conducted in three phases in coilaboration with counterparts
from the DNES, the SEBs, and KPC, The preliminary evaluation of SEB proposals was done from 
September to December, 1989. 6/ The second phase began in January, 1990; members of the 
ESMAP team v.sited all five states to collect and review site specific data and SEB proposals for 
each scheme to verify irrigation discharge data with irrigation authorities, and to inspect the 
prospective mini-hydro sites. Photographs of the sites are presented in the Technical supplement.
After verifying the accuracy of pertinent data to establish key design parameters, each of the SEB 
proposals was critically examined, and compared to alternative layouts and turbine-generator
configurations. Also during the second phase, ESMAP consultants held preliminary discussions with 
senior managers of the SEBs to identify and review issues concerning the suitability of the present 
organizational set up in the SEBs for the implementation phase. 7/ 

1.13 The second phase concluded in May, 1990 when the methodology for design and 
evaluation of schemes, and the preliminary results of the fieldwoi k, were reviewed with counterparts
from the SEBs at a "Project Identification Workshop" in Bangalore, Karnataka. 

1.14 The third phase began in June, 1990 and ended in December, 1990. The main goals 
were to: 

(a) 	 update the capital cost estimates for each scheme based on revised designs for civil 
structures, electro-mechanical equipment, electrical protection and control systems, 
and the grid-tie arrangement; 

(b) 	 re-evaluate the economics of the prospective schemes which take into account their 
role in providing energy and voltage support to remote parts of the grids in districts 
of the respective states; 

(c) 	 evaluate the financial impact of the schemes on each state. Specifically, the aim was 
to establish minimum cashflow requirements to ensure full cost recovery on mini
hydro programs by the SEBs, and to assess the "profitability" of mini-hydro "cost 
centers" in each state; and 

(d) 	 evaluate the financial attractiveness of the schemes to private sector companies.
Given the conditions stipulated in recent approved lease agreements in the southern 
states, the aim was to determine the rate of return on equity for private sector 
companies which elect to develop captive power plants at some of the prospective 
sites. 

6/ 	 The findings were presented in the "Working Paper on Project Identification", issued by 
ESMAP in December, 1989. 

7/ 	 A draft working paper was prepared, entitled "The Institutional and Operational Aspects 
of Irrigation and Canal Based Mini-Hydropower Development", dated May !990. 
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D. Counterparts For Study 

1.15 The principal counterpart agency for the GOI on this study is the DNES. Other 
concerned agencies at the central GOI level includes the Central Electricity Authority (CEA)
which has the technical clearance responsibility for all power supply schemes that require an 
investment of Ps. 50 million or more. At the state level, the designated counterparts to ESMAP 
were: (a) the State Electricity Boards (SEBs) in Andhra Pradesh, Kerala, Tamil Nadu, and Punjab
respectively; and (b) the Karnataka Power Company (KPC). Other central and state GOI agencies
which were consulted during the study include the Irrigation Departments in the respective states,
the Rural Electricity Corporation (REC), the Power Finance Corporation (PFC), and the Alternate 
Hydro Electricity Center (AHEC). Officials of the GOI Department of iEconomic Affairs (DEA)
and the DOP were regularly briefed on the progress of the study. 

E. Prospects Studied 

ProspectsIn The South 

1.16 The States of Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu extend across 
the southern cone of the Indian Peninsula. These states are drained by the Godavari river to the 
north, the Krishna river in the central zone, and the Cauvery river to the south. The three major
rivers rise in the high plateau areas of the Western Ghats, and flow eastward across the Deccan 
Plateau before discharging into the Bay of Bengal; they are the primary sources of water for an 
extensive network of irrigation schemes. Prior to independence, several major irrigation dams were 
constructed on the Cauvery river in both Karnataka and Tamil Nadu, including the Krishna Raja
Sagar (KRS) and Mettur schemes respectively. A few other large irrigation dams were constructed 
on the main tributaries of the Godavari (i.e., Nizamsagar) and Krishna ( i.e., Tungabhadra) Rivers. 
Since independence, large new irrigation dams have been constructed on all the three major river 
systems, including the Sri Rama Sagar on the Godavari River, the Nagar Junar Sagar and Upper
Krishna systems on the Krishna River, and the Hemavathy in the Cauvery River basin. Moreover, 
a wide range of smaller dams and diversion structures and canals have been built to extend the 
irrigation network throughout the southern region. 

1.i7 The potential for power generation on irrigation dams, diversion weirs, and canals 
in the southern states is particularly good because of three factors. First, the terrain is undulating,
hence numerous drops exist along the irrigation canals and diversion weirs in the region; such 
drops provide sufficient hydraulic heads for low-head (i.e., 3-15 meters) mini-hydro applications.
Second, because of the relatively large number of irrigation storage reservoirs in the region, the 
hydraulic head that is created when water is discharged through sluices in irrigation dams into the 
canals is also suitable for power generation. Third, the irrigation season in the southern states 
extends from July through March. Therefore for about nine months each year, a fairly continuous 
supply of irrigation water is available for power generation. 8/ 

Recent efforts in the region to promote integrated water management practices have 
improved the regulation of waterflows in the main canals; therefore this practice has 
enhanced the scope for applying simple standard turbine-generator equipment to develop
mini-hydropower schemes with high plant load factors. 
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1.18 Andhra Pradesh. The Andhra Pradesh State Electricity Board (APSEB) has
identified a total of 286 prospective mini-hydro sites on the existing network of canals: (i) 165 are 
located at canal drops on the Sri Rama Sagar scheme on the Godavari River; and (ii) 106 canal 
drops on the Nagarjunar Sagar scheme on the Krishna River. Among the more promising sites are 
those located in a cluster along the D83 branch of the Kakatiya Canal, and on the Lower Manair 
Reservoir which also is link _d to the Kakatiya Canal. The main prospects on the Nagarjuna Sagar
(NSR) scheme are located on the Adanki, Guntur, and Ongol . Branch Canals. There are a only
few dam based prospects in the state, including the Lower Manair reservoir which is covered by this 
study. The APSEB collaborated with ESMAP to review proposals on about 20 prospects (Map -
IBRD 22783). These consist of canal drops on the Guntur, Adanki, Ongole, and Kakatiya D-83 
Branch Canals, the Lock-In-Sula Regulator of Kurnool Canal, and the Lower Mannair Reservoir. 
Altogether, the prospects that are covered in this study have a total annual power generation
potential of the order of 150 GWh. 

1.19 Karnataka. The Karnataka Power Company (KPC) 2/ has completed
investigations and pre-feasibility studies on mini-hydro prospects associated with irrigation dams 
at Brindavan, Kabini, Nugu, and Harangi in the Cauvery river basin, 10/ and Mudhol, Malaprabha,
and Devrebelerkere .11/in the Krishna iver basin. Also, the KPC has completed investigations for 
over ten canal drop prospects along: (i) the Left Bank Canal on the Tungabhadra scheme which 
draws water from a major tributary of the Krishna river; (ii) the Visveswaraiah Canal which draws 
water from the KRS reservoir (i.e., the Brindavan Dam) on the Cauverv river; and (iii) the Shahpur
Branch Canal which distributes water from the Narayanapur Reservoir on the 	Upper Krishna 
scheme. Altogether, the KPC collaborated with ESMAP to review proposals on seven dam based 
prospects, one prospect at the Attehala diversion weir, and five canal drop prospects, including a 
cluster comprising six drops on the Shahpur BC (Map - IBRD 22784). The prospects covered in this 
study have a total annual power generation potential of the order of 140 GWh. This estimate 
excludes the potential yield of the Tungabhadra LB Canal which already is under development by
the KPC. 

1.20 Tamil Nadu. In Tamil Nadu, several of the major irrigation schemes draw water 
from three rivers: the Cauvery river in the central zone; the Ponniar river in the north; and the
Vaigai river which is adjacent to the Cauvery river. The Tamil Nadu Electricity Board (TNEB)
has completed investigations and pre-feasibility studies for mini-hydro prospects at irrigation dams 
at Lower Bhavani, Amaravarthy, Thirmurthy, Sathanur, Peechiparai, Perunchani, and Aliyar. Also,
schemes have recently been commissioned on three dams (Lower Bhavani, Pykara, and Vaigai).
Although the TNEB also has investigated the mini-hydropower potential of several major irrigation
canal systems in the state, the power potential of the canal systems combined is limited to about 
6 MW. There are some 26 drops on the Cauvery Canal, 40 drops on the Periyar Canal, and over 
60 drops on the Parambikulam Canal. The present thrust of the TNEB is to develop the dam based 

9/ 	 In Karnataka, the lead agency for developing the mini-hydro schemes is the KPC. The
Karnataka Electricity Board (KEB), which is responsible for the state grid, purchases power
in bulk 	from the KPC. 

10/ 	 Investigations are near completion on the Hemavathi and Yagachi dams in the Cauvery 
River Basin. 

11/ 	 The Devrebelerkere Irrigation Tank is located on a tributary of the Tungabhadra river in 
the Upper Khrisna River Basin. 
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schemes. The TNEB provided ESMAP with information and data for mini-hydro prospects 
associated with eight irrigation dams (Map -IBRD 22781) which when developed, would contribute 
about 130 GWh annually to the state grid. In addition, preliminary designs were developed for 5 
canal drop prospects located on the Grand Anicut, Tongkorai, Tughlapatti, Villampati, and Mettur 
West Bank canals, respectively. 

1.21 Kerala. Compared to the other three states in the south of India, irrigation dam 
and canal systems in Kerala are not as extensive. The main prospects for irrigation based mini
hydro development are associated with the numerous diversion weirs and barrages that have been 
installed for irrigation and water supply purposes. 12/ The Kerala State Electricity Board (KSEB) 
has completed feasibility studies on the most promising prospects, including those associated with 
the Peechi Irrigation Dam, the Maniyar Barrage of the Pamba Irrigation project, 13/ the tailrace 
of the Kuttiyaii Dam which discharges water into the Peuvannunmuzhy Irrigation Reservoir, and 
the Mangalam dam (Map - IBRD 22782). The KSEB collaborated with ESMAP to review proposals 
on the above schemes which would yield about 120 GWh annually. 

Mini-Hydro Prospects in PunjabState 

1.22 The state of Punjab is located on the Indo-Gangetic Plains which has a much more 
gently graded topography than exists in the south. Over the past hundred years, an extensive 
network of irrigation canals has been developed in the state; water is diverted from three 
international rivers (the Ravi, Beas, and the Sutlej) which flow from northwestern India into 
Pakistan. There is considerable potential for power generation at numerous canal drops (Map -
IBRD 22785). Since the available heads at the majority of canal drops is less than five (5) meters, 
power generation is feasible only because of the relatively large flows which are available in the 
canals 	for over ten months each year. 

1.23 In 1982, the Punjab Department of Irrigation and Power surveyed over 150 canal 
drops in the state and concluded that 110 MW could be harnessed from mini-hydro schemes. The 
Punjab State Electricity Board (PSEB) has since earmarked several prospects for development 
along: (i) the Sirhind Canal netvrk which has 63 drops with a power generation potential of 43 
MW; and (ii) the Bhakra Main Line Canal 14/ which has 34 drops and a power potential of 55 

12/ 	 Kerala has completed preliminary investigations for over 150 river bed schemes which 
require the construction of small diversion weirs, 25 of which have been studied to the 
feasibility level. As part of the study, ESMAP prepared preliminary designs for sites at 
Chembukkadavu, Passukkadavu, and Wanchiam. 

13/ 	 The Kerala State Government plans to construct two additional barrages on the Kakkad 
river at Allunakal and Karikkayam to increase water supply to the Pamba Project. The 
proposed expansion would lead to the eventual development of a cascade of mini-hydro 
schemes at Maniyar, Allunkal, and Karikkayam on the Kakkad River which would eventually 
yield a total of 28 MW and 110 GWh/yr. 

14/ 	 Also referred to as the Nangal Hydel Canal. 
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MW. The PSEB also is proceeding to develop the considerably larger power generation potential
that has been identified in the Upper Bari Doab Canal (UBDC). 15/ The primary focus of this
study is on the twelve prospective mini-hydro sites that have been identified on the Sirhind Canal 
network, plus two others on the Bhakra Main Line Canal, all of which are earmarked for 
development under the ongoing Punjab Irrigation and Drainage Project. 

15/ The PSEB estimates that over 210 MW of power can eventually be harnessed from a special
channel that has been constructed between the Madhopur Headworks and a cross regulator
at Tibri on the UBDC. The prospects are being developed in four stages: three units of 15 
MW each was installed during stage I; an additional three units of 15.45 MW are currently
being installed under stage II; three units of 23 MW each are to be installed under stage
III; and for stage IV, three units of 16.5 MW would be tnstalled. 



- 10-

II. CONCEPTUAL DESIGN AND STANDARDIZATION 

A. Overview 

2.1 The primary design objective for irrigation based mini-hydro schemes is to maximize 
the number of kilowatt hours produced annually per unit of investment or the annual energy 
productivity at each site without disrupting irrigation operations. The robustness of the sizing 
procedure (i.e., to maximize annualenergy productivity was checked against the more elaborate 
analysis which calculated the B/C ratios for the incremental generation by each additional unit for 
prospective dam based schem'es. The analysis confirmed that the annualenergyproductivitycriteria 
provides a reliable and consistent basis for selecting the optimal the plant size. 

2.2 An iterative procedure was used to select and evaluate the techno-economic 
feasibility of installing different configurations of multi-unit turbine-generators. ESMAP collaborate 
with SEB counterparts to improve the cost-effectiveness of original designs, thereby enhancing 
economic attractiveness, as described below: 

(a) 	 FlowchartI - to obtain and verify the accuracy of all available data and information 
on the physical characteristics and irrigation discharges at the prospective sites. This 
required a considerable amount of fieldwork, including an inspection of each site to 
verify key design parameters, to develop a conceptual design of the alternative 
layouts that can be adopted for the scheme, and to convert the data on irrigation 
operations (i.e., discharges, reservoir levels, etc.) by computer into the appropriate 
flow duration, head duration, and energy curves for use in subsequent design work. 

(b) 	 Flowchart II - to examine alternative turbine-generator configurations with the 
objective of maximizing annualenergyproductionfrom available irrigation discharges 
(para 2.3). After screening to ensure that each scheme would meet minimum 
requirements (Annex A), the configuration with the highest energy productivity was 
selected. 

(c) 	 FlowchartIII - to classify the schemes according to the key design parameters of 
head and available discharge levels, and to develop a set of standard design 
parameters and performance specifications for electro-mechanical equipment i.e., 
turbines, generators, etc.). The database for the standardization consisted of the 
entire group of schemes (paras. 2.5 and 2.6). 

(d) 	 FlowchartIV - to minimize the investment required to develop the schemes based 
on the configuration selected in the preceding stages. The aim was to streamline 
designs for the main components (Chapter III). 16/ Also at this stage, a preliminary 
grid-tie arrangement was defined to "export" the energy into the local grid. 

16/ 	 The irrigation storage structures are already in place. Hence no additional investment is 
required to regulate the discharges which are available for nine to ten months each year; 
consequently, mini-hydro schemes with high plant load factors can be established with a 
minimum of additional infrastructure. 
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B. Preliminary Analysis and Design 

After verifying the accuracy and reliability of site specific data in the proposals
submitted by the SEBs, reviewing key design parameters for each scheme, and developing
conceptual layouts for the schemes, either individually or in groups, the following procedure was 
used to develop preliminary designs: 

(a) 	 the site specific data (i.e., hydrological, topographical, geological, and layout of locai 
grid, etc.,) was collated and evaluated. Computerized flow duration curves were 
prepared for all schemes. For dam based sites, the design head was established after 
a comprehensive analysis of the relationship between discharge levels and the level 
of the reservoir and tailwater respectively (Annex B). 

(b) 	 energy curves for each scheme were produced by integrating the area under flow
duration curve for a specified head. By examining the Shape of both the flow 
duration and energy curves respectively, a number of alternative configurations were 
specified assuming the application of multi-unit turbine flow control (Box 2.1). One 
key factor in determining the number of units for canal drop schemes usually was 
the canal width; in the majority of cases, two or three units of similar capacity were 
specified for analysis (Box 2.2). For dam based schemes, the key factors were the 
number of sluices that had been made available by the irrigation authorities for the 
scheme, the maximum throughput capacity of each sluice, and the need to retain 
some sluices to by-pass the turbines during periods when irrigation discharges would 
exceed 	the requirement for power generation or the shut-down of the turbines; 

(c) 	 estimates of the energy production capability under each of the alternative 
configurations were derived from the energy curve, assuming an 80% efficiency of
the turbine-generator units. The annual value of the energy produced was computed
based on Rs. 0.80/kWh (Chapter V); also preliminary estimates of the capital costs 
of each configuration were made. 17/ 

(d) 	 benefit-cost ratios for each unit were estimated, and used to establish the minimum 
unit load factor for screening purposes (figure 2.1); only units with benefit cost 
rations higher than 1.0 were retained. For the majority of schemes, the cut-off point
for Rs. 0.80/kWh was determined to be the 20% exceedance level on the flow 
duration curve. For dams based schemes, there usually were two or more 
configurations involving different capacities to screen. After the analysis of B/C
ratios has established the optimal number of units per scheme, the relative energy
productivity of the different configurations were analyzed along the lines shown in 
Box 2.3. The plant size for each scheme was selected to maximize energy
productivity. 

17/ 	 The approach used to develop preliminary cost estimates was to start with cost estimates
for the basic turbine-generator set-up. The data on equipment costs were obtained from a 
variety of local and international sources, including from the SEBs and manufacturers in 
India. On subsequent analysis of capital costs, the cost of turbine and generator was found 
on average to be 50-60% of total capital costs of an irrigation based mini-hydro scheme. 
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:Nutti-Unit Flow Control for Irrigation Based Nini-Hydro Schemes
 

The fLow duration curve indicates the percentage of time that the available discharges 
at a given site is exceeded (I.e., percentage exceedance Levels). The muLti-unit flow control 
concept assumes that a number of fixed blade turbines would be used to harness the energy from 
the discharges. The turbines would operate at or near the design peak efficiency, and one or more 
units would be starteiJ or stopped according to the available flow. Usually, turbines of equal

sizes are selected; each turbine becomes the back-up unit for the others during maintenanre, etc. 

The total output of energy at a given site can be increased either by: (i) adding more 
units of the same size; or (ii) introdicing Larger capacity units. 

As indicated In the graph below, during periods when the flow of irrigation water is 
.1high, there is a corresponding rise inthe tailwater level; 
this leads to a slight reduction in
 
net head. The efficiency of the turbines can be maintained by adjusting the blade angle. A simple
 
hand cranking mechanism would be suitable for the purpose.
 

The optimal number of equal sized turbine units is established based on economic 
benefit-cost analysis; the benefit-cost ratio for each unit has to be equal or greater than 1.0.
 
The benefits are defined in terms of the annual energy produced times the economic value of the
 
energy, and the costs are determined based on the annual costs of generation (i.e., fixed plus
 
operating and maintenance costs). 
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Typicat Preliminary Design Procedure for Canal Drop Schemes:
 
The Naddur scheme, Karnataka
 

The proposed Maddur scheme is Located at a bend in the Maddur Branch CanaL of the Visveswaraiah 
Main Canal in the Mysore District of Karnataka. The available head at the Location 1a 13.4 meters. 
Details on the proposed Layout are presented in Box 3.5 below. 

Flow Duration Curve (Fig. 2.2): The flow duration curve was developed based on 10 years of data 
provided by KPC. The preferred configuration was two equal sized units. The maximum discharge Level 
for design purposes, (fixed at the 20% exceedance point on the curve) was about 17 cumecs. Using 
turbines with dixed blades, it was apparent that the design discharge per unit would be 8.5 cumecs. 
For two units, the discharge required at full capacity would be 8.5 cumecs for the first unit, and 
8.5 cumecs for the second. Assuming that the generators would be rated for 10% overload capacity,
 
the installed capacity for the scheme would be 2 x 1000 kW. Also the available head, taking into
 
account Losses due to friction inthe water conveyance system, was estimated to be 13.4 meters.
 

Energy Curve (Fig. 2.3): The energy curve was prepared for a design head of 13.4 meters. The energy 
output represents the area under the flow duration curve, assuming a 1OOX conversion efficiency; 
all estimates of the energy output were adjusted downwards assuming that the efficiency of the 
turbine-generators would be 80%. Hence the energy output would be 6.3 GWh for the first unit, and 
2.63 GWh for the second unit. From the energy curve, it is clear also that the additional energy
 
that could be recovered from the remaining flows (i.e., over 17 cumecs) would be insignificant.
 

Benefit-Cost Ratio for Units: The B/C ratios were estimated for each unit to determine the minimum
 
Load factor that would be viable assuming a Rs. 0.80/kWh economic value of energy. it was determined 
that below 20% unit Load factor, it would not bu economic to harness additional energy from the 
flows. The B/C ratios for the two units under the final configuration (i.e., 2 x 1000 kW) are 
indicated below. 

Unit Unit Load Factor Energy Output ALC Ratio 
(M) (GWh) 

1 72 6.31 3.58 
2 30 2.63 1.49 
Plant 51 8.94 2.54 

Box 2.2 

MADDUR CANAL DROP SCHEME 
2B/C Ratio 

1.5..............
 

15% 201 30n 

Unit Load Factor (%) 

Figure 2.1 
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Typical Preliminary Design Procedure for Dam Based Schemes: The Sathanur 
Dam Scheme, Tamil Nadu 

The Satharur Dam isLocated at a reservoir on the River Ponniar; the average annual yield

from the catchment (10,826 km2) is 410x10m which is released through five dam sluices of 1.52m
 
width and 1.83m height. About 13 cumecs isdischarged continuously from the sluices into two canals.
 
Two of the existing five sluices would be utilized for the proposed mini-hydro scheme. The
 
powerhouse would be Located adjacent to the dam, where the available head is 27.7 meters. 
The
 
original proposal was to instaLl 2 x 7.5 MW, and to produce 27.7 GWh/year.
 

Flow Duration Curve (Fig. 2.4): The revised proposal isbased on daily discharge data at Sathanur
 
over a 15 year period. From the flow duration curve, itis apparent that units could be installed
 
to utilize 10 cumecs each; 10 cumecs would be available for the flrbt unit for up to 73% duration;
 
an additional 10 cumecs would also be available to the second unit for about 30% duration; and so
 
on up to 70 cumecs for Less than 10% duration.
 

Head Duration Curve (Fig 2.5): The head was found to be 20 meters for 60-70% duration, between 20
 
to 25 meters for 50-60% duration, and 25 to 30 meters for 35-50% duration. A design head of 27.5
 
meters, which corresponds to the 40% duration, was selected. Hence for this study, the design head
 
isassumed to be 27.5 meters. Hence, by adopting a design discharge of 10 cumecs per unit, units
 
of 2500 kW would be feasible.
 

Energy Curve (Fig. 2.6): The energy curve, produced based on the average flows and the design head,
 
provides the following information on the incremental energy that could be recovered at the dam by

increasing the design discharge level insteps of 10 cumecs. Assuming 80% efficiency of the turbine
generator sets, the energy output and B/C ratios from a muLti-unit configuration would be (Fir,. 
2.7):
 

UNIT 1 2 3 4 5 6 7 

Ener y (GWh) 14.0 8.0 2.0 1.4 1.0 0.8 0.2 

B/C Ratio 2.06 1.69 0.42 0.29 0.21 0.17 0.04
 

Analysis of Annual Energy Productiity: The original proposal to instaLl 2 x 7500 kW requires the
 
u3e of two sluices to handle the entire 70 cumecs of discharge from the dam; this would not be
 
feasible. However, the above analysis of unit benefit-cost ratios indicated clearly that itwould
 
not be economic to use more than two units. After some iteration and analyses of benefit-cost ratios
 
of units in alternative configurations, the relative energy productivity with the two unit
 
configuration for four alternatives were evaluated. As indicated below, the results confirm that
 
the 2 x 2500 kW would have the highest energy productivity.
 

ANALYSIS OF ENERGY PRODUCTIVITY OF ALTERNATIVE CONFIGURATIONS
 
Capacity (kW) 2*2000 2*2500 2*3500 
 2*5000 qJ

Energy Output (GWh) 19.2 22.5 24.0 25.6
 
Plant Load Factor (%) 0.6 0.5 0.4 0.3
 

Cost Estimates
 
Civil Structures 
 6.5 7.0 10.5 14.0
 
ELectro-Mech 7.4 8.8 12.3 
 15.6
 
Electricals 9.3 11.2 18.4 24.4
 
Grid-Tie 2.7 2.7 2.7 2.7
 
Total 25.9 29.7 43.9 
 56.7
 

Investment (Rs./kW instaLled) 6489.0 5940.0 6271.4 5670.0
 
Energy Prod. (kWh p.a/100 Rs.) 74.1 75.7 54.7 45.2
 
2/ synchronous generators were specified for units with capacity greater than 3.5 MW. 

Box 2.3 
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C. Standardization 

2.4 The scale of operation of the mini-hydro prospects is small relative to the size of 
central power stations in the respective states. Therefore, it is not cost-effective to develop one
off designs for each prospect. Furthermore, the type and performance of turbines for mini-hydro
applications vary significantly from manufacturer to manufacturer; some degree of flexibility is 
required at this stage of design so that eventually it would be possible to consider alternative 
configurations of turbines that also would satisfy minimum performance specifications. Given the 
advantages of some degree of standardization, it was considered useful to develop a set of minimum 
performance specifications to correspond to the range of available heads and discharges for the 
prospects covered by this study. 

2.5 The procedure outlined in FlowchartIII was used, as described below: 

(a) 	 Classificationof Schemes by Head and Discharge. First, the schemes were grouped
into eight standardized head categories. Second, for each category of standardized 
head, the schemes were allocated to sub-categories based on a set of standardized 
discharges per unit (Table 2.2). 

(b) 	 Development of StandardizedSpecificationsfor Turbines. The runner specifications
(i.e., the maximum operating speed of turbine, minimum diameter of runners) for 
each category of design head and discharge was computed and compared with those 
indicated on reference monographs (Annex C) which had been obtained from 
international engineering design firms and local manufacturers in India. 18/ A set 
of eight standardized runner diameters were developed for the turbine requirements
of the schemes, ranging in diameter from 2800 mm. to 1000 mm (Table 2.3) for 
fixed blade tubular turbines. For the most part, runner diameters were uniform for 
schemes associated with the major irrigation systems. For example, due to 
standardization, all schemes on the Guintur and Adanki Branch Canals of the 
Nagarjuna Sagar system in Andhra Pradesh would handle 22.5 cumecs per turbine
generator unit; therefore a common runner diameter of 2000 mm was specified. 

(c) 	 Development of Standardized Specifications for Induction Generators. Induction 
(asynchronous) generators, essentially induction motors which are driven at slightly
above synchronous speed, were specified for all schemes. The analysis indicated that 
induction generators were required for with eight capacities in the range 350 kW to 
3500 kW. 19/ The operating speed of induction generators were specified; the 
difference between the rotating speeds of the turbine and generator were used to 
establish the specification for speed increasing mechanisms. The goal was to keep 

18/ 	 Use of the data from specific manufacturers and engineering firms does not necessarily 
imply endorsement of them. 

19/ 	 The primary function of the irrigation based mini-hydro schemes is to provide energy to the 
remote sections of the grid. Hence, induction generators, which require no separate
excitation source since they draw magnetizing current from the grid, were considered to be 
appropriate. Induction generators are commercially available in India. Several units of 2 and 
3 MW capacity have been installed in Tamil Nadu for irrigation based mini-hydro schemes 
at Lower Bhavani(RBC), Vaigai, and Pykara Dams respectively. 
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the speed of the turbines as high as possible and to minimize the gearbox ratio by 
maintaining the lowest feasible speed for the generators. 

(d) 	 Revision of PreliminaryDesigns Using Standardized Specifications. The preliminary 
designs for each scheme were adjusted to reflect the standardized specifications for 
design head, design discharge levels, and installed capacity. 

Table 	2.1: Overview of Turbine Performance Specifications
 

Type of Turbine Rated Min./Max Rated 1Min./Max. Remarks
 
Head -Hr Head Power -Pr Capacity
 

(m) (%of Hr) J(kW) I(% of Pr) 

Vertical Fixed Blade Propeller 	 2-20 and 55-1 25 250- 30-11 5 may be operated up to 140% of rated 
over 15,000 and head depending on turbine selling

aover 
Vertical Semi-Kaplan with 2-20 and 45-150 1000- 10-115 
Adjustable Blades (propeller) over 15,000 
Vertical Francis 8-20 and 50-125 250- 35-115 Minimum rated head is8 meters 

over 15,000 
Horizontal Francis 8-20 and 50-125 250-2000 35-115 Minimum rated head is 8 meters; 

over maximum capacity is 2000 kW 
Tubular (adjustable blades/fixed 2-18 65-140 250- 45-115 
gates) 15000 
Tubular (fixed blade runner with 2-18 55-140 250- 35-115 
wicket gates) __000 15_ 
Bulb 2-20 45-140 1000- 10-115 minimum capacity is 1000 kW 

15,000 
Rim 2-9 max. 45-140 1000-8000 10-115 minimum capacity is 1000 kW 
Right Angle Drive Propeller 2-18 55-140 250-2000 45-115 maximum capacity is 2000 kW 
Open Flume 2-11 max. 90-110 250-2000 30-115 maximum capacity is 2000 kW 
Closed Flume 2-20 50-140 250-3000 35-115 maximum capacity is 3000 kW 
Crossflow 	 6-20 50-125 1250-2000 10-115 maximum capacity is 2000 kW 

Hr, the Rated Head, isdefined as the head at which full gate output equals the rated output of the generator. 

Soure: ESMAP 
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III 
PROCEDURE FOR STANDARDIZATION OF DESIGNS
 

FOR PROSPECTIVE MINI-HYDRO SCHEMES
 

Select Optimum
Configuration of Scheme 

Design Head,

Design Flows
 

I 
Arrange Design Heads
 
inGroups of Limited

Range, and Select


Standardized Design Head
 

Review Design Flows

Specified for Each Category


of Design Head, and
 
Select Standarized Groups of
 

Design Discharges
 

For Each Category, Identify

Technical Feasible Turbine
 
Options, Compute Minimum
 

Runner Diameters, and
 
Maximum Turbine Speeds


Taking into Account
 
Cavitation Factors,
 

Turbine Settings, etc.
 

Compute Generator Output

and Select Appropriate


Speeds to Match
 
Turbine Speed
 

I
 
Specify Speed Increaser 

Requirements and 
Select Generator Speed 

4 
Establish Final Designs


for Schemes, Standardized

Spcifications (Design Head, sads/w48595( III 

Flws, Unit Ctpacities, etc.) cakIw48438D 
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Table 2.2: Standardized Specifications for Turbines 

SCHEME NAME STANDARDIZED 
HEAD 

(METERS) 

STANDARDIZED 
DISCHARGE 
(CUMECS) 

NO. OF 
UNITS 

TURBINE 
RUNNER DIA. 

(MM) 

ROTATING SPEED 
TURBINE GENERATOR 

(RPM) (RPMI) 

GENERATOR 
CAPACITY 

(kW) 

11 

Chanarthal 
Thablan 
Chupkl 
Dolowal 
Babanpur 
ChakBal 
Narangawal 
KIla 
Tugal 
Baler 
Sldhana 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

50.0 
50.0 
30.0 
30.0 
30.0 
30.0 
30.0 
30.0 
22.5 
22.5 
12.0 

4 
6 
2 
2 
2 
2 
3 
2 
3 
2 
1 

2800 

2500 

2000 

1400 

100 

187.5 

187.5 

187.5 

600 

75r; 

750 

750 

1000 
1000 
650 
050 
650 
050 
850 
650 
350 
350 
350 

Dalla 
GBC 3 

3 ABC 1 

4.25 
4.25 
4.25 

30.0 
22.5 
22.5 

2 
2 
2 

2500 250 750 1000 
650 
650 

Lower Manair 
GBC 1 
GBC 4 
Kufliyadi 2 
Kuttlyadl 3 
SBCI 
SBC2 
SBC3 
SBC4 
SBCS 

11 Atlehala 

7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 

22.5 
22.5 
22.5 
12.0 
12.0 
7.5 
7.5 
7.5 
7.5 
7.5 
75 

2 
3 
2 
2 
2 
3 
3 
3 
3 
1 
1 

2000 

1400 

214 

333 

600 

600 

1500 
1250 
1000 
650 
650 
350 
350 
350 
350 
350 
350 

GBC 2 
ABC 2 
Lock-In-Sula 
Malaprabha 
Poechiparal 
Kilara 
Kabini 
SBC5 

9 Mangalam 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

22.5 
22.5 
22.5 
12.0 
12.0 
12.0 
12.0 
5.0 
5.0 

3 
2 
2 
2 
2 
2 
3 
3 
1 

2000 

1400 

1000 

187.5 

333 

333 
333 

750 

600 

600 
800 

1250 
1250 
1500 
850 
850 
650 
850 
350 
350 

Brlndavan 
Nugu 
Devrobelerkere 1 
Maddur 
Mudhol 

6 Thlrlmurthy 

13.0 
13.0 
13.0 
13.0 
13.0 
13.0 

30.0 
12.0 
12.0 
7.5 
7.5 
7.5 

3 
2 
1 
2 
1 
3 

2500 
1400 

1250 

375 
428 

428 

600 
600 

600 

3500 
1000 
1000 
1000 
1000 
650 

L. Bhavanl 
Manlyar 
Kuttlyadl 1 
Harangl 
Peruncharnl 
Rajankollur 

7 Anverl 

15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 

30.0 
22.5 
12.0 
12.0 
7.5 
7.5 
7.5 

2 
6 
2 
3 
2 
3 
2 

2500 
2000 
1400 

1250 

250 
300 
428 

428 

750 
600 
600 

600 

3500 
2500 
1500 
1500 
650 
650 
650 

Amaravathy 
2 PvechI(CBH) 

21.0 
21.0 

12.0 
7.5 

2 
1 

1400 
1250 

428 
428 

600 
600 

2000 
1500 

Peach(RBH) 30.0 
Sathanur 30.0 

3 Aliyar 30.0 
52 

SOURCE: ESMAP computations 

12.0 
12.0 
5.0 

2 
2 
2 

121 

1400 

1000 

500 
500 
500 

750 
750 
750 

2500 
2500 

1250 
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TABLE 2.3 STANDARDIZED DESIGN SPECIFICATIONS FOR SCHEMES 

STATE/SCHEME 

ANUHHA PHADhSH 
Adanki BC 1 

Adanki BC 2 

Guntur BC 1 

Guntur BC 2 

Guntur 6'" 3 

Guntur BC 4 

Lock-in-Sula 

Lower Manair 

KARNATAKA
 
Attehala 

Anveri 

Brindavan 

Dveverebeleker6 
Harangi 

Kabini 

Kilara 

Maddur 

Malaprabha 
Mudhol 

Nugu

Rajankollur 

Shahpur BC 1 

Shahpur BC 2 

Shahpur BC 3 

Shahpur BC 4 

Shahpur BC 5 

Shahpur BC 6 


KERALA
 
Kuttiyadi PH1 

Kuttiyadi PH2 

Kuttiyadi PH3 

Peechi I(CBU) 

Peechi II (RBJ) 

Mangalam 

Maniyar 


TAMIL NADU 
Allyar 
Amaravathy 
Lower Bhavani 

Peechiparai 
Perunchani 
Sathanur 
Thirumurthy 

PUNJAB
 
Babanpur 

Chakbhai 

Chanarthal 
Chupki 

Dalla 

Dolowal 
Kila 
Narangwal 
Thablan 
Tugal 

Salar 
Sidhana 

SOURCE: ESMAP Comoutatlons 

(meters) 

4.25 

10 

7 

10 


4.25 

7 

10 

7 


7 

15 

13 

13 

15 

10 

10 

13 

10 

13 

13 

15 

7 

7 

7 

7 

10 

7 


15 

7 

7 

21 

30 

10 

15 


30 

21 

15 

10 

15 

30 

13 


3 

3 

3 

3 


4.25 


3 

3 

3 

3 

3 

3 

3 


DS_.g.rpg-

(m3) 

22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 
22.5 

7.5 
7.5 
30 

12 

12 

12 

12 

7.5 
12 

7.5 
12 

7.5 
7.5 
7.5 
7.5 
7.5 
7.5 
7.5 

12 

12 

12 

10 

12 

5 


22.5 

5 

12 

30 

12 

7.5 
12 

7.5 

30 

30 

50 

30 

30 


30 

30 

30 

50 


22.5 
22.5 
12 


STANDARDIZED DESIGN SPECIFICATIONS 
C Energy Production 

(kW) (GWh/yr. @ 80% eff.) 

2*650 3.64
 
2'1250 6.8
 
3"1250 17
 
3"1250 19.8
 
2"650 6.4
 
2"1250 10.5
 
2"1500 16.48
 
2*1500 16
 

1 350 2.8
 
2"650 5.26
 
3"3500 62
 
1"1000 9.07 
3*1500 14.52 
3"650 6.25 
2"650 5.8 
2"1000 8.3 
2"1000 8.08 
1*1000 4.86 
"'1000 6.15 
,'P0 6.33 
3"350 5.1 
3*350 3.9 
3"350 3.65
 
3'350 4.15 
2"650 4.88
 
1"350 2
 

2*1500 17.1
 
2*650 5.7
 
2*650 5.7
 
1*1500 10
 
2"2500 17.1
 
1*350 1.3
 
6"2500 57.1
 

2"1250 9.32 
.q1000 10.58 
2"3500 24.25 
2"650 5.95
 
2*650 5.1 
2*2500 21.82
 
3*650 7.73 

2"650 7
 
2*650 7.2
 

4*1000 29.25
 
2*650 30
 

2"1000 9.2 

2"650 8.12 
2"650 6.48 
3*650 8.8 
6*1000 44.2 
3"350 6.5 
2*350 3.44 
2"350 4.12 
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II. DESIGN AND COSTING OF FACILITIES 

A. De.-sign of Civil Structures 

3.1 The primary objective was to minimize the costs of civil works. The original layouts
and designs for the main civil structures were revised according to three criteria: (i) structural 
modifications to the existing irrigation facilities were reduced to a minimum; (ii) layouts of civil 
structures were simplified to facilitate construction, specifically so that schemes would at most be
implemented within two irrigation seasons; and (iii) layouts of water conveyance structures were 
realigned so as not to cause any permanent loss of productive agricultural land or other adverse 
environmental impacts. To the extent possible for each category of mini-hydro scheme, a set of
standard designs were developed for main civil structures, particularly the powerhouse structures,
and the water intake and conveyance structures. 

Powerhouses 

3.2 Regardless of the category and size of scheme (i.e., dam based, canal drop, etc.), the 
current powerhouse designs for irrigation based mini-hydro schemes in India are generally scaled
down versions of structures that are used for large conventional hydro stations. Typically, there are
redundancies in the design of the powerhouses, which aie due in large part to the provisions made
for an overhead crane and an array of electrically operated equipment (e.g., pumps, servo-motors),
instrumentation to control operations such as automatically operated gates (i.e., to regulate water
levels on the existing irrigation canal, and to open the rP Ain canal as a bypass for water in the event 
the mini-hydro plant trips or is _ihut-down). 

3.3 Two options were defined during the study. The first option was to eliminate 
completely the powerhouse structure if the generators used are manufactured for outdoor
installation. For the option without a powerhouse, all controls and instrumentation would be
installed in a small cubicle or a metal-clad switchboard that would also be built for outdoor
installation. The second option was to retain a si'rplified powerhouse which would contain the
minimum facilities to protect key parts of the mini-hydro equipment, particularly the generators and
instrumentation; there would be no overhead crane. The powerhouse would consist of a small 
cubicle with a provision in the roof, in the form of a removable hatch for the use of a mobile crane 
to hoist the electro-mechanical equipment during installation or maintenance operations. Both
options (i.e., with or without the powerhouse structures) are illustrated in the technical drawings
(Annex G). Nevertheless, to be conservative for cost estimation purposes, a simplified powerhouse
structure has been included for each scheme. 

Water Intake and Conveyance Structures. 

3.4 The original layouts and designs for the water intake and conveyance facilities were
simplified to facilitate construction. To the extent possible, standardized designs were to be
developed for the penstocks, closed conduits, and open channels. The main features of the 
alternative designs for the different categories of mini-hydro schemes are as follows. 
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IV 
PROCEDURE FOR FINAUZING DESIGN SPECIFICATIONS AND CAPITAL COST ESTIMATES
 

AND FOR EVALUATIUlG VIABIUTY OF PROSPECTIVE SCHEMES
 

Specifications of Schemes
Based on Standardized
 

Parameters, etc.
 

Specify Alternative Grid-rie 

Arrangements Develop Standardized Designs
 
Direct Connection to for Civil Structures (Intake, Develop Standardized
Water Conductor, Power
Transmission/Distribution Lines Single-Line Diagram andHouse, etc.) Electrical Protection Schemesor to Nearest Sub-station 

Evaluate Load Flows in
 
Vicinity of Grid-Tie and
 

Estimate Energy Losses
 

Select Grid-ie Alternative
 
with Minimum Losses
 

Prepare Detailed Cost
 
Estimates for Each Scheme
 

Based on Standardized
 
Configurations and Selected
 

Grid-Tie Arrangement 

Determine Economic Rates 
of Return, and NPV of 
Benefits for Schemes 

Com.ute Minimum Cash Flow 
Requirements for Full 

Cost Recovery 

.ade/w48595(/,, ) 
caklw48438E 
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3.5 Dambasedschemes.Since the 
majority of the prospective dam based Minimizing Civil Works Cost of Dam Based Schemes:

schemes are located in Karnataka and Tamil The Brindavan scheme, Karnataka

Nadu, the revised layouts and designs were 
 The original layout involves extensive CIVILprepared after a critical review of the works (i.e., excavation of rock) to construct aoriginal proposals in the two states. In pass tunnel to divert water 

by

from the reservoir
Karnataka, the original proposals typically through a powerhouse and into the existing canal.require extensive excavation through rock in The revised layout eliminates the tunnel by usingorder to construct entirely new intakes and the existing irrigation sluices as the Intake for
tunnels to by-pass the sluices in the existing the mini-hydro scheme. 
dams. By contrast ir. Tamil Nadu, 	 the At 1990 prices, the original layoutexcavation work is eliminated in the original would require an expenditure of Rs. 9.6 million, Rs.proposals which make use of the existing 3.6 million, and Rs. 3.4 million for the intakesluices as intake structures; the penstocks structure and tunnel, the powerhouse structure, and


sluices, tailrace/spilwaywould 	be directly attached t the structures respectively. Byto the 	 eliminating the tunnel and simplifying the

powerhouse structure, the expenditure would be
3.6 The revised layout further reduced to about Rs. 2.0 million; a savings of about

refines the approach taken in Tamil Nadu Rs. 10 million in the cost of civil works. Adetailed breakdown of cost estimates for civil worksand uses the existing sluices as intake are presented inAnnex E.
 
structures; each sluice would be fitted with
 
a trash rack, gate or stoplog, hoists, and a

"bellmouth" made of reinforced cement COPARATIVE COSTS ESTIMATE FOR CIVIL WORKS
 
concrete (RCC). Steel penstocks would be CIVIL WORKS ESTIMATES COSTS

anchored into the existing sluices, and COMPONENT (Rs. million)

encased in backfill concrete. 20/ A conically Original Layout Revised Layout

shaped draft tube would be installed at the Intake Channel 
 R.000.43 
outlet from the turbines, to divert the water Inlet Tunnel 2.65
into a rectangular pool. The rectangular Powerhouse 3.56 
pool, which would maintain the water level Tailrace 

0.67 

2.56 0.50

in the draft tube, would empty out into the By-pass/Spillway 0.86
existing irrigation canal. To achieve design Misce16. 

0.15 
0.32 1.8

discharge levels for a few schcnmes e.g., SOURCE: Annex E. 
Brindavan), penstocks wouid 	 need to be I___I 
installed in all sluices. In such cases, special Box 3.1 
by-passes would be incorporated into the 
penstocks at a suitable poiat upstream of the 
turbines to allow for spilling in the event the turbLies are shut down (Annex C). As indicated in Box
3.1, significant savings in capital costs would be realized by using the simplified layouts and 
powerhouse designs for dam based schemes. 

2/ 	 The penstocks would be manufactured to fit the shape of the existing sluices. Typically, theinitial section of the penstocks would be rectangular to fit the sluices exactly; a transitional
section would be built to change the shape of the penstock from rectangular to square, and
eventually to circular before the link-up with the turbines (refer to technical drawings for 
Lower Bhavani Scheme). 
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Schemes at IrrigationBarragesand Diversion Weirs. Two of the prospective schemes 
in this category are located in Kerala. One of them is associated with the tailrace discharges of the 
Kuttiyadi Dam which is used downstream for irrigation purposes. The other is located on the 
Maniyar barrage. The revised layout for dams based schemes were not applicable because there are 
no sluices. Except for the realignment to reduce the length of the water conveyance structures for 
the proposed schemes, and the use of closed conduits to obviate the need to permanenly destroy
agricultural land, there are no major differences between the original and revised designs for the 
Kuttiyadi Tailrace scheme (Box 3.2). The appropriate by-pass arrangement fo the powerhouse
would incorporate pressure regulator valves, as indicated in Annex C. 

Reatligment of Wlater Conveyance Structures: Kuttiyadi Tailra.e, Kerala 

The original Layout would require extensive civil works: an intake
 
structure consisting of a 7.6 meter Long weir to divert the tailrace discharges into the
 
power channel; a water conveyance structure comprising of a 805 meter long power channel 
(1.5 meter bed width) which would link up to a head regulator (5 m. x 2.6 m) equipped
with a hoist, a forebay-underground RCC tank (21 mdiameter, 11.5 m deep), 100 metera 
Long penstock (1.65 m diameter); and a 126 meter tong aqueduct (dimensions 3.4 meter x 
2.6 meter) which would run alongside the power channel. The powerhouse itself would be 
a Large structure (32.75 x 9 x 9.75) and designed to fully enclose two 2500 kW turbine
generator units. The tailrace of the mini-hydro scheme, a 50 meter long channel, would 
discharge into the Peruvannurniuzhy Irrigation Reservoir. 

After an extensive inspection of the area, especially the topography along
the banks of the river, the Layout was revised to take advantage of the following
features: (I)the Length of the river from the tailrace of the Large power station to
 
the irrigation river is 550 meters compared to over 800 meters for the power channel in 
the original proposal; (if)there already exist drops at three siteE along the river bed
 
which if devetoped in a cascade, would provide the same cumulative head for power 
generation as in the original proposal.
 

Hence, a revised and simplified Layout was prepared. Powerhouses would
 
be Located at three points along the river bed: the first would utilize a 15 meter drop

and would be Linked to the tailrace of the Large power station by a closed conduit; the
 
second would be located at a 5.5 meter drop along the river bed; and the third would also 
Located at a 5.5 reter drop at the point where the river discharges into the irrigation

reservoir. Small barrages (5 meter high) wculd be built at two points along the river
 
bed to divert water into the intake structures for the second and third powerhouses. If
 
necessary, flash boards, crest gates, and hoists would be installed at the main intake
 
structure for the first powerhouse. Ineach case, the tailrace would consist of an open
channel and a stop tog to maintain the water Level in the draft tube. 

By realigning the ent e power channel, the revised layout: (i) reduces 
by 50% the Length of water conductor .)stem; (if) augments the overalL energy production
capacity at the site; and (iii) obviates the need to destroy existing coconut trees along
the path of the power channel which would have resulted in a potentially adverse 
environmental impact.
 

Box 3.2 
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3.8 Schemes at Single Canal
 
Q The revised layouts for schemes on Eliminsting By-Pass anntel for Canal Drop Schemes:

single canal drops are intended to eliminate caJrative Costs for Kitara Scheme, Karnataka
 
the use of a separate by-pass or diversion As shown in Annex G, two alternatives to the original

channel. In such cases, the existing canal tAvout proposal have been prepared: (i) Alt 2with a

would be used as the water conveyance by-pass channet, but with the powerhouse relocated
 
structure; the equipment would be installed from the beginning to the end of the channel; and (ii)

immediately downstream of the canal drop, Alt 3 without the by-pass, using a 200 meter long precast concrete conduit which would be Laid along the
 
and a simple by-pass arrangement would be sidewatt of the existing canal. The estimated costs
 
incorporated at the intake structure. are as follows.
 
Alternatively, a penstock made out of 
 ESTIMATED COST
 
precast concrete conduit would be installed STRUCTURE (Rs. millions)

along the sidewall of the existing canal. ALT 2 
 ALT 3
Both alternative layouts were evaluated for WITH BY-PASS WITHOUT 
the prospective scheme at Kilara on the Gates 1.0 BY-PASSCHANEL 
Visveswaraiah Left Bank Canal in Intake 1.0 0.7 
Karnataka. In addition to reducing the Channel 5.9 
environmental impact (i.e., loss of Penstock 5.1

Powerhouseagricultural land), the savings in capital Tailrace 0.5 0.7
0.1
 

costs by eliminating the by-pass channel at iscett. 0.7?.5 
Kilara was estimated to be Rs.3.6 million Total 10.9 7.3 
(Box 3.3). 

Box 3.3 

3.9 Schemes Utilizing Multiple Drops. For such schemes, the main goal was to simplify
construction requirements (Box 3.4). In general, there are no major differences between the original
and revised designs, except were feasible to realign the channel to reduce the length of the water 
conveyance structures, and to use closed conduits to obviate the need to permanently destroy
agricultural land. Bascule gates or crest gates would be installed slightly upstream of the canal drops
to control the w-.ter level in the canal, and an intake which would be fitted with a trash rack and 
a stoplog. To maiii+ain flows in the canal when the powerhouse is shut down, automatically
regulated crest gates would be provided at the first drop structure (Annex C). 

Simplifying Construction of Nultipte Drop Schemes: Guntur Branch Canal Cluster, Andhra Pradesh 

The original proposal by would establish four schemes along a 10 mite section of the canal.

The first scheme would utilize 3 drops (total head 6.9 meters) on the first mite of the branch canal;

the second would combine 4 drops (total head 8.85 meters) along the second mile; the third, 2 drops

( total head 3.71 meters) along the fifth mite; and the fourth, 3 drops (total head 8.52 meters) along

the ninth mile. During the preliminary design and standardization process, itbecame apparent that the
configuration of the second scheme could be changed from one scheme (i.e., combining 4 drops for total 
head 8.85 meters) to two schemes (i.e., combining 2 drops for head of 4.25 meters for each scheme).

As a result, the Length of the bypass channel was reduced by 250 meters, the cross-section of the by
pass channel was reduced, thereby allowing for significant savings in costs due to excavation of the
channel and the powerhouse. Also, the change simplified the design of the intake structure and control
mechanism (i.e, stop-tog and trashrack) at the junction with the main canal. The construction period

for the revised Layout would be one year compared to three for the original layout. Details are
indicated on the technical drawings for the scheme. Since the annual energy productivity is much higherfor the original layout (i.e., total head 8.85), it may still be retained as the basis for developing
the scheme.
 

Box 3.4 
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Use of Closed Conduits. To obviate the need to permanently destroy productive
agricultural land near the canal drop sites, the revised designs incorporate the use of closed conduits 
which would be buried in tretches. Two types were defined: (i) cut and cover conduits which would 
be cast in situ. The conduits would be lined on all sides and closed at the top with RCC slabs, 
thereby allowing for their use as pressure conduits; or (ii) precast RCC pipes, 21/ which would be 
laid either on the surface, or buried. The relative costs of using the two options were evaluated in 
detail for the Maddur canal drop scheme in Karnataka (Box 3.5). 

Use of iosed Corxkits for By-Pass Channels: The Maddur Scme, Karnataka 

The original proposal was to construct the powerhouse structure immediately downstream 
of the intake structure, and to use a 300 meter long tailrace which would be an open channel.
 
Since the scheme is located in sugarcane farms, productive agricultural land would be 
destroyed. Also extensive excavation of rock (about 29,000 m3) would be required to 
accommodate the horizont.L shaft turbine (S-type) with an extended forebay Leading up to the 
powerhouse (see drawings inAnnex G). 

Several alternative Layouts for the Naddur scheme were developed to minimize rock
 
excavation, and to obviate the need to permanently destroy Land under cultivation. For the
 
revised Layouts, the horizontal shaft turbine was replaced by one with a vertical shaft (elbow 
type draft tube), and the location of the powerhouse was moved further away from the intake 
structure to one of three possible locations: (I) the first (Alt 1) was at a point some 50 
meters downstream of the intake structure; (ii)the second (Alt 11) was 100 meters downstream 
of the intake; and (iiI) the third (Alt IIl) was 200 meters downstream of the Intake 
structure. Instead of the open channel which would require permanent Loss of sugarcane growing 
Land, the by-pass channel would consist either of a "cut and cover" conduits which would be
 
cast in 	situ, or a precast concrete conduit which would be buried in trenches across the 
field.
 

The Layout for Alt Ii would require the minimum expenditure for civil works. Five
 
options 	 to convey water from the intake structure to the powerhouse were evaluated. As 
indicated below, the Least cost option involved the use of a 100 meter Long "cut and cover"
 
conduit, ard a tailrace ccnsisting of a 200 meter Long open channel. A similar Layout with
 
a precast concrete conduit would be slightly more expensive but probably easier to instalt,
 
since they could be fabricated within 20 km of the site. The cost of the civil works for the 
revised Layout is estimated to be Rs. 7.3 million ccwared to Rs. 12.3 million for the 
original proposal. About Rs. 3.3 million of the reduction in costs would be achieved by
avoiding the excavation of some 23,500 m3 of rock, and reducing concreting requirements by 
1600 M3). 

Estimated Cost of Alternative Water Conveyance Structures for Alt. It
 
(Rs. million)
 

Type of 	Structure Intake Penstock Powerhouse Tailrace Total
 

1.Precast Home Pipe(200 m) 2.7 8.3 0.48 11.48
 
2.Cast in Situ Trough (300 m) 2.7 3.9 0.48 7.08
 
3.Cast inSitu Trough (100 m) 2.7 1.95 0.48 1.06 6.19
 
4.Precast Home Pipe(100 m) 2.7 4.15 0.48 1.06 8.39
 
5.Open Tunnel with Embankment 2.7 3.1 0.74 1.06 7.60
 

SOURCE: ESNAP estimates
 

Box 3.5 

21/ 	 The pipes would be buried in channels. Excavated materials would be used as backfill for 
the pipes. 



- 30 -

B. Design of Electrical Systems 

3.11 The original set of "Single-LineDiagrams"for electrical switching, protection, andcontrol incorporate a large number of redundant instruments. Hence the main thrust of the study
has been to simplify those proposals with a view to reducing both capital and maintenance costs(e.g., eliminate use of battery powered controls). A set of eighteen standardized single-line diagramswere developed for the fifty schemes. The complete set of detailed diagrams on the layout of theelectrical systems are presented for each of the fifty schemes in the Technical Supplement. Further
simplifications to reduce costs may be appropriate; for example, load break switches instead of
circuit breakers could be installed between the generators and the transformers. 

3.12 Similar work was done to streamline the protection systems for the induction 
generators and transformers. Three sets of standard protection schemes were prepared for theschemes: (i) Category "A" for schemes comprising units of 350 kW and 650 kW capacities; (ii)Category "B" for schemes with unit capacities of between 1000-2500 kW; and (iii) Category "C"for
schemes with units of capacity greater than 3500 kW. The standardized protection arrangements
also are presented in the drawings below. 

C. Grid-Tie Arrangements 

3.13 The approach used was to select grid-tie arrangements which would connect eachmini-hydro scheme directly by 11 kV lines to a nearby 11/33 kV sub-station. Considering energylosses, that arrangement may not always be the least cost option. There is the need for moredetailed analysis to determine the grid-tie arrangement that would minimize energy losses; detailed
analysis would need to be made of line losses, voltage drops during peak load periods, etc. In some cases (Box 3.6), the preferred arrangement may require the use of higher voltage lines (i.e., 33 kV 
to 110 kV). 

Alternative Grid-Tie Arrangemts
 

Lower Bhavani Scheme: The powerhouse for the scheme would be Located adjacent to the powerhouse of
the recently commissioned 8 MW plant. The existing powerhouse isconnected by a three circuit 11
kV tine (each 6 km. Long) to the nearby 110/11 kV substation at Bhavanisagar. Two alternative gridtie arrangements for the proposed scheme are: 
(i) use of three new circuits of 11 kV lines to
connect the scheme to the Bhavanisagar sub-station; (ii)Linking the two powerhouses by a 
200 meter
long tine (11 kV), installing a step-up transformer 11/110 kV) for the combined output (8+ 7 NW),and corecting by 110 kV to the Bhavanisagar sub-station. The extra cost of installing the 110 kVtine for the second alternative could be offset by the costs of acquiring wayleaves for the
additional 11 
kV tines plus the energy tosses under the first alternative. Hence further studies
need to be conducted at the time of detailed design.
 

Brindavan Dam Scheme: The nearest sub-station is located at Betgola (110/11 kV) which is about 10
km from the powerhouse. Four circuits of 11 kV tines would be required to transfer the energy from
the 10.5 MW scheme. Inaddition, the capacity of the Belgota sub-station would have to be expanded.
The alternative would be to add a 11/110 kV step-up transformer at the powerhouse, and to connect
the scheme to the 13elgola sub-station with a 110 kV tine. The reduction 
in costs due to energy
Losses may more tian offset the increased cost of using the 110 kV Line.
 

Maddur Canal Drop Scheme: The nearest sub-station to the powerhouse for the Maddur scheme isLocated10 km away at Mandya. The load in the immediate vicinity of the scheme Is slightly higher than 2NW, the installed capacity at Naddur. By feeding the energy from the scheme directly into the Local
distribution tines, costa as welt 
 as energy Losses would be minimized.
 

Guntur Branch Cana(Cluster: The cluster comprises five schemes (total capacity about 11 MW) along
the canal inthe Guntur District. The nearest sub-sta.ion, Located near Narasaraopet which isabout
16 kiaaway from that stretch of the canal handles 11/33 kV. Energy Losses are Likely to be high if
the schemes are connected by 11 kV lines to the sub-station. The alternative worth further
evaluation would be to link alL the powerhouses itone point, install a transformer to step up from
11 kV to 33 kV, and to transfer the energy at 33 kV to the sub-station.
 

Dox 3.6 
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D. Capital Cost Estimates 
3.13 The base costs of each scheme (i.e., in financial terms) were computed in 1990 prices 
(Annex D) according to the following categories: 

(a) 	 civil structures, comprising gates, intake, channel/penstock, powerhouse, tailrace; 

(b) 	 hydro-mechanical equipment, comprising the turbine and its auxiliaries, and the inlet 
valve; 

(c) 	 electrical equipment, comprising the induction generator and its auxiliaries, the 
transformers, capacitors, breakers, switches, etc.; 

(d) 	 grid-tie materials and labor costs, especially for the transmission line. 

3.14 'Ihe base costs were entered into 
the World Bank's PCCOSTAB software as UNIT COSTS OF STANDARDIZED 
domestic prices. The costs were increased to TURBINES AND GENERATORS 
incorporate: (i) the costs of installing the main Turbine 
items of equipment (i.e., turbine and auxiliaries, Runner No. of No. of Unit Cost 
generator and auxiliaries, etc.), based on Dia. (M) Schemes Units (Rs.mittions)a/
relationships indicated in Annex D; (ii) physical 2800 2 10 9.2 

2500 9 20 8.0
contingencies, at 5% of base costs; (iii) price 2000 9 25 6.0 
contingencies to reflect inflation; and (iv) taxes and 1400 14 28 4.0 
duties. Price contingencies were derived assuming 1250 15 32that the annual inflation rate (local costs) would 	 3.01000 3 6 2.5 

vary from 8.4% in 1991, 7.0% during 1992-93, and Totats g2 121 

decline to 6.6% by 1994. It also was assumed that Generator Nu. of No. of Unit Cost 
taxes on the main cost items would be 3% for civil Capacity (kW) Schemes Units (Rs.mittions)a/ 
works, 6% for electro-mechanical equipment, and 3500 2 5 7.5 

2500 3 10 4.0
3% for electrical systems. The estimates for all the 2000 1 2 3.0 
schemes are shown in the Tables 3.2 to 3.4 below. 1500 105 2.5 

1250 4 10 2.0
2.15 The selection of fixed vane/fixed 1000 8 20 1.5650 18 
 40 	 1.0
 
blade turbines instead of full kaplan turbines, 350 11 _4 0.8 
induction generators instead of synchronous 52 121 
generators, elimination ofgovernor systems, etc., as units cost data in Anex D 
well as the selection of materials for turbine Source: ESMAP estimates 
fabrication are all critical factors to minimize the 
capital cost of schemes. For example, several of the 
original specifications prepared by the SEBs were 
based unnecessarily on the use of stainless steel to 
fabricate the turbines (i.e., runners, blade, runner Table 3.1 
chamber); the costs would be reduced considerably
by using aluminium bronze. As shown in the example based on the proforma price quotations for 
turbine specifications for the original and revised designs of a prospective scheme (Box 3.7), the 
scope for reducing costs is considerable. 
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Comparative Analysis of Cost Estimates for Turbines:
 
The Guntur BC 1 Scheme, Andhra Pradesh 

The original design was to instaL 3x1200 kW turbine-generator units; It had been specified that 
the turbine would be a full kaplan with tubular downstream elbow (S-type) configuration. The 
specifications for main components were: (i) the turbine would have four blades made of cast 
stainless steel, a carbon steel hub, and the runner diameter would be 1850 man.; (ii) the runner 
chamber wouLd be split horizontalLy and also fabricated with stairless steeL; and (iii) the draft 
tube cone and bend would be fabricated from steetpiate. In addition, the turbine would be 
equipped with an oil pumping unit and an oil head for blade controL, a draft tube dewatering 
system, and a gearbox (240/750 rpm.). The proforma price quotation obtained from a Local 
manufacturer inDecember, 1990 indicated that the cost would be about Rs. 13.7 miLlion, including 
the gearbox.
 

The revised standardized design would require the installation of 3x1250 kW units. The units
 
would be fixed vane/fixed blade turbines with upstream elbow configuration, and would be
 
fabricated inatuminium bronze. The runner diameter would be 2000 m.; a gearbox (214/600 rpm)
 
would also be provided. Based on proforma price quotations obtained from manufacturers, the cost
 
of the turbine, gearbox, and auxiliaries would be about Rs. 6.5 million.
 

In addition to the simpler configuration of the turbine, the reduction in costs can be 
attributed to: (I) substitution of stainless steel with aLuminium bronze for fabrication of main 
turbine components; (ii)elimination of oil pumping unit and oil head which was necessary for
 

Box 3.7
 

CAPITA,. COST ESTI4ATES SCHEMES ASSOCIATED WITH DAI.3/BARRAES, AND WEIRS
 

(Rs.miLLions) a/ Total
 
State/Location Civil Hyd-Mech. Elect. Grid-Tie Costs
 

ANDhRA PRADESH
 
1. 	 Lower Nanair 10.3 14.8 7.8 0.2 33.1
 

KARNATAKA
 
1. 	 Mudhol Dam 3.5 3.7 3.5 0.8 11.4
 
2. 	 MaLaprabha Dam 4.9 9.9 5.4 0.2 20.4
 
3. 	 DeverebeLerkere 9.9 4.9 3.3 0.3 18.4
 
4. 	 AttehaLLa Weir 3.8 3.6 1.8 0.5 9.7
 
5. 	 Brindavan Dam 4.6 29.4 30.1 2.9 67.0
 
6. 	 Nugu Dam 4.6 9.5 5.2 1.8 20.9
 
7. 	 Harangi Dam 4.5 14.2 10.8 1.5 31.0
 
8. 	 Kaini Dam 4.5 14.2 5.1 1.2 25.0
 

KERALA
 
1. 	 Peechi Dam I 2.2 3.6 3.3 3.8 12.9
 

Peechi Dam 1I 7.1 10.5 11.7 4.8 34.1
 
2. 	 Kuttiyadi 1 5.8 10.1 7.7 0.1 23.7
 

Kuttiyadi II 2.2 9.5 3.9 0.1 15.7
 
Kuttiyadi i1 2.5 9.5 3.8 0.1 15.9
 

3. 	 Maniyar Barrage 14.1 43.9 34.1 1.9 94.0
 
4. 	 MangaLam Dam 2.4 0.5 2.3 1.2 6.3
 

TANIL NADU
 
1. 	 Lower Bhavani 4.6 19.6 22.1 1.2 47.4
 
2. 	 Thirumurthy 4.6 7.2 5.3 :;.1 20.2
 
3. 	 Amaravathy 3.8 9.5 9.3 2.4 24.9
 
4. 	 Atiyar 4.2 6.3 7.1 0.1 17.7
 
5. 	 Sathanur 7.5 9.5 12.0 2.9 31.9
 
6. 	 Peechiparai 4.9 9.9 4.2 0.1 19.1
 
7. 	 Perunchani 4.9 7.5 4.3 2.2 18.9
 

SOURCE: ESMAP estimates
 

Table 3.2
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CAPITAL COST ESTINATES SCHEIES ASSOCIATED WITH CANAL DROPS
 

(Rs.miLtions) 
 Total
 
Grid-Tic Costs
 

0.9 38.5
 
2.3 42.9 
0.2 24.9
 
0.2 28.7
 
1.9 158.9
 

4.4 29.5
 
1.1 28.7
 
5.5 58.2
 
1.9 37.1
 

0.7 22.9 
0.7 24.6 
0.7 24.9
 
0.7 20.5
 
0.7 19.1
 
0.7 10.6
 
4.2 122.7
 

1.5 24.0
 
0.6 16.7
 
1.2 22.1
 
0.7 28.0
 

0.7 27.4
 
0.6 11.5 

0.4 27.9
 
0.4 27.9 
0.4 27.2
 
0.3 20.6
 

0.2 38.1 
0.2 30.3
 
0.4 29.8
 
0.4 28.2 

0.6 68.7
 
6.5 105.9
 

State/Location 


ANDHRA PRADESH
 
Guntur Branch Canal Cluster 
1.1 	 GBC I (M-0-550) 
1.2 	 GBC 1I (M2-4-00) 
1.3 	 GBC III (M5-2-550) 

1.4 	 GBC IV (M9-1-550) 

1. 	 GBC Cluster Total 

Adanki 	Branch Canal Cluster 
,.1 ABC 1 (017-4-0) 
2.2 	 ABC 11 (M18-3-220) 


ABC Cluster Total 

3. 	 Lock-in-Sula 


KARNATAKA
 
1. §hahpur Branch Caoal Cluster
 

Civil 


8.3 

14.0 

5.9 

8.5 

34.7 


6.5 

6.5 

13.0 

11.6 


1.1 	 SBC 1 
1.2 	 SBC 2 
1.3 	 SBC 3 
1.4 	 SBC 4 
1.5 	 SBC 5 
1.6 	 SBC 6 


SBC Cluster Total 


2. 	 Rajankottar BC 

3. 	 Anveri BC 

4. 	 Maddur Scheme 

5. 	 KiLara Scheme 


PUNJAB
 
Ohatinda Branch Canal Cluster
 
1. Chak Bhai 

2. Sidhana 
Kotta Branch Canal Cluster
 
3. DoLowaL 

4. Babanpur 
5. Killa 

6. SaLar 

Abohar Branch Canal Cluster 
7. Narangwal 
8. Datla 

9. Tugal 

10. Chupki 
Bhakra (Nangal Hydel) Canal
 
11. Chanarthal 

12. ThabLan 


SOURCE: ESMAP estimates.
 

Table 3.3 

3.8 
8.7 
9.3 

4.8 

3.3 

4.3 

34.4 


5.8 

4.6 

8.4 

11.8 


3.6 

1.7 

3.9 

3.9 
3.3 

2.6 


3.6 
5.3 

3.6 

4.2 

11.6 

13.9 


Hyd-Mech 


21.9 

20.5 
14.6 

14.6 

93.1 


14.6 

14.6 

29.2 

15.2 


14.6 
11.1 
11.1 

11.1 

11.1 

3.7 

62.9 


11.1 

7.4 

7.2 

9.4 


19.1 

7.2 

19.6 

19.6 
19.6 

14.6 


29.1 
19.6 

21.9 

19.6 

46.8 

70.9 


Elect. 


7.4 

6.1 
4.1 

5.3 

27.2 


3.9 

6.5 

10.4 

8.2 


3.8 
4.1 
3.8 

3.8 

3.8 

1.9 


21.2 


5.5 

4.0 

5.3 

6.1 


4.0 

1.8 

4.0 

4.0 
4.0 

3.0 


5.2 
5.2 

3.7 

4.0 

9.5 

14.5 
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IV. ECONOMIC EVALUATION OF PROSPECTIVE SCHEMES 

A. Introduction 

4.1 The economic viability of the irrigation based mini-hydro schemes was assessed in 
terms of their cost competitiveness relative to conventional sources of generation in the grid (i.e.,
from the least cost system development plan). Since India's power systems are planned and 
operated on a regional basis, the cost of generation from the proposed irrigation based mini-hydro
schemes in the States of Andhra Pradesh, Karnataka, Kerala, and Tamil Nadu were compared to 
the marginal costs of generation in the Southern Regional Grid, while those in Punjab were 
assessed in the context of the Northern Regional Grid. To measure the economic value of the net 
benefits from the proposed schemes, the economic hiternal rate of return and the net present value 
for each scheme at a 12% discount rate were derived. 22/ 

B. Economic Value of Benefits and Costs 

Economic Value of Benefits 

4.3 Given the large sizes of the southern and northern regional grid systems, 23/ it is 
clear that none of the irrigation based mini-hydro schemes would be large enough to significantly
affect the system development plans of the grids (i.e., requiring a deferral of capacity expansion
projects and/or a re-optimization of the use of existing thermal stations). P ather, because the power
supply situation in both regional grids is energy constrained, 24/ the principal role of the irrigation
based mini-hydro schemes would be to alleviate localized energy deficits by providing energy
support to improve the quality of service in remote portions of the grid and to displace higher cost 
energy supplies from thermal power stations. Furthermore, the additional output from the irrigation
based mini-hydro schemes would reduc the extent of standby diesel auto-generation by industrial 
and commercial establishments. 

4.4 Avoided Costs of Energy Supply. The economic value of the benefits of the mini
hydro schemes were derived in terms of the avoided costs of energy supply at the 33 kV level from 
the regional power grids. Specifically, during off-peak hours of service, the avoided costs of energy
supply from the grid consists of the fuel costs plus variable operating and maintenance expenses of 
the iess efficient or marginal stations in service (i.e, the short-run marginal costs of generation).
These can reach as high as Rs. 0.65/kWh at the generation busbar in the Southern Regional Grid 
(e.g., TNEB's Ennore Station), and up to Rs. 0.75/kWh in the Northern Regional Grid. However, 
the less efficient stations tend also to lack the operational flexibility required to curtail their 

22/ 	 The COSTBEN computer program of the World Bank was used to perform the economic 
analysis. 

23/ 	 The installed capacity is of the order of 12500 MW in the Southern Regional Grid, and 
about 14500 MW in the Northern Regional Grid. 

24/ 	 The peak energy demand in the Southern Regional Grid is of the order of 180 GWh/day,
but the supply capability is only about 160 GWh/day. In the Northern Regional Grid, the 
peak energy demand exceeds 190 GWh/day but the energy supply capability is only 180 
GWh/day. 
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operation during periods of reduced system loading- herefore an average of the avoided costs of energy supply from the grids (Rs. 0.55-0.60 per kWh) was used to set the economic value of the
benefits from the irrigation based mini-hydro schemes. Since the irrigation based mini-hydro
schemes would be tied to the grid at the 11/33 kV sub-stations, the energy would be generated
much closer to the point of electricity use, and therefore the savings from the transmission anddistribution (T&D)losses that would be avoided is significant. Accordingly, the avoided cost of 
energy supply from the grid was adjusted upwards (assuming 15% T&D losses) to arrive at
economic value of benefits in the range of Rs. 0.63-0.69 per kWh. 

4.5 During the periods of daily peak demand (about 5 hours), power outages are
widespread and large numbers of industrial and commercial consumers resort to the use of standby
diesel generators. Under those circumstances, the avoided costs of energy supply would reflect thevariable costs of auto-generation from stand-by diesel units operated by commercial (Rs. 1.31 per
kWH) and Industrial (Rs. 1.16 per kWh) establishments. Combining the avoided costs of energy
supply during the off-peak and peak periods, the composite value of the energy produced by theproposed irrigation based mini-hydro schemes was estimated to be in the order of Rs. 0.80 per
kWh. 

4.6 Capacity Creditfor Schemes. The high degree of congruity between the seasonal
discharge of irrigation water and the seasonal variations in peak load within both regional grids,
suggests that a capacity credit should be considered as an additional benefit of the proposed
irrigation based mini-hydro schemes. However, given that the irrigation discharges are restricted 
to between nine to ten months each year, and that the SEBs do not have :ffective control of water
flows even during those months of sustained operations, energy generation levels and capacity
availability were considered to be "non-firm". Accordingly, capacity credits attributed to the
proposed schemes were not quantified for the purposes of this evaluation which lends a
conservative bias to the economic value of the benefits. It is expected, however, that during detailed
design of mini-hydro investment programs in each state, a more comprehensive assessment of the
benefits would be made to incorporate capacity credits at a justifiable level. 

Economic CapitalCosts 

4.7 To arrive at the economic capital costs associated with the irrigation based mini
hydro schemes, the domestic component of the capital costs for equipment and civil works (Tables
3.3 and 3.4) were adjusted by applying a standard conversion factor of 0.8, and removing taxes and
duties. Annual operating and maintenance costs were taken to be equivalent to 2% of capital costs 
over the 25 year economic life of each scheme. The economic capital costs per installed kW for 
each scheme is presented in Tables 4.2 and 4.3 below. 

C. Discounted Cash Flow Analysis 

4.8 The cashflow streams of the costs and (energy) benefits for the prospective mini
hydro schemes were developed both for each schemes as follows. The entire capital costs for each
scheme would be disbursed during the first year of construction hence interest during construction
would be charged for one year at a rate equal to the opportunity cost of capital (12%), and added 
to the costs of each scheme. Benefits (i.e., energy production) would begin to accrue after 18
months of the start of work on each scheme. To obtain the net present value (NPV) of each
scheme, the cash flow streams of the respective costs and benefits were also discounted at 12% per
annum over the 25 year economic life of each plant. 

http:0.63-0.69
http:0.55-0.60
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The EIRR for the dam based schemes were in the range of 14-66% (Table 4.21), 
and for schemes located on canal drops, 12-29% (Table 4.2). The NPV at 12% discount rate, the 
investment ner unit of installed capacity (i.e., in economic prices), and the annualenergyproductivily 
of each scheme are summarized also in same tables. 

ECONOMIC OALUATI0N OF DfJ4 BASED NIMI-HYDRO SCHEMES 

SCHEME MAKE INVESTMENT ENERGY PROD, 
(Rs./kU) (kWh pa/100 Rs.) 

EIRR 
(%) 

NPV 212% 
(Rs.mittion) 

KARNATAKA 
Brindavan 5592 117.5 65.7 428.7 
Harangi
rcabinl 

5942 
10972 

51.8 
29.8 

30.8 
17.5 

103.0 
57.8 

iugu 8827 32.2 19.1 50.0 
Deverebeterkere 5204 58.9 42.1 61.0 
Hudhot 8915 58.3 34.5 33.2 
MaLaprabha 8228 44.2 26.3 50.4 

TANIL NADU 
Lower Bhavani 5891 58.3 34.6 172.6 
Thirumurthy 9602 45.9 30.4 64.4 
Amaravathy 8482 46.1 27.4 75.3 
AIiyar 11642 61.6 38.5 57.7 
Sathanur 5362 75.7 44.0 136.9 
Pee:hiparai 11724 33.2 19.7 43.9 
Perunchani 12962 26.5 21.3 39.0 

ANDHRA PRADESH 
Lower Manair 9297 71.3 41.4 136.5 

KERALA 
Peechi 7836 73.2 41.2 210.0 
Mangatam 14140 20.4 13.5 10.6 
Kuttiyadi Cascade 9130 55.7 40.7 199.5 
Maniyar 5426 71.4 41.1 394..9 

SOURCE: ESNAP estimates 

Table 4.1 
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ECONOMIC EVALUATION OF MINI-HYDRO SCHEMES AT CANAL DROPS AND WEIRS 

SCHEME NAME INVESTMENT ENERGY PROD. EIRR @ 
(Rs./kW) (kWh pa/l(O Rs.) (X) (Rs.miLtion) 

ANDHRA PR.DESH 
Guntur BC CLuster 12395 44.3 22.9 429.8 
Adanki BC CLuster 12891 21.3 14.2 119.4 
Lock-In-SuLa 9807 56.0 29.2 97.0 

PUNJAB 
Bhatinda BC CLuster 14702 38.5 20.4 91.5 
KotLa BC CLuster 
Abohar BC CLuster 
Bhakra 

19478 
17396 
14406 

27.9 
29.6 
51.0 

14.7 
18.6 
19.7 

222.1 
305.2 
368.5 

KARNATAKA 
Shahpur BC CLuster 16981 21.6 13.3 206.8 
Attehata Weir 
Maddur 

22560 
10089 

28.6 
44.4 

12.2 
29.1 

22.7 
67.8 

KiLara 16199 26.5 13.9 55.2 
Anveri 10245 42.8 29.3 44.0 
RajankotLur 9848 30.3 20.3 49.8 

SOURCE: ESMAP estimates 

Table 4.2 
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V. FINANCIAL EVALUATION 

A. Introduction 

5.1 The financial attractiveness of the proposed mini-hydro schemes was evaluated from 
two perspectives. The first perspective is that the SEBs which may have the responsibility of 
implementing several of the schemes covered by this study. The aim of the evaluation was: (i) to 
establish the minimum cashflow requirements to ensure full recovery by the SEBs of the costs 
associated with debt servicing, and the operation and maintenance of the irrigation based mini
hydro programs, assuming that each SEB would establish "cost centers" to manage and monitor 
accounts for all phases of the respective mini-hydro programs. Since the State governments are 
encouraging the private sector to invest in developing irrigation based mini-hydro prospects, the 
second perspective for the financial analysis was that of evaluating the attractiveness of private
captive generation with irrigation based mini-hydro. It was necessary to determine the rate of return 
on equity for private development of two schemes in this study, using as an example, the conditions 
stipulated in recent lease agreements in Karnataka. 

B. Cost Recovery Requirements for SEBs 

5.2 Rationalefor Mi-fdro "Cost Centers". One of the goals for the follow-up to this 
study is to demonstrate that, despite the persisting financial problems of the SEBs, the schemes in 
each state could be executed and managed by SEBs in a manner that would ensure economic cost 
recovery. During the study, discussions were held with senior officials at the state level to defi'e 
a suitable framework for involving the SEBs in the implementation the mini-hydro schemes. The 
discussions centered primarily on the need to streamline project management arrangements in each 
state, and to introduce an effective system for monitoring and controlling the cost-effectiveness of 
mini-hydro schemes; the overall aim, despite the persisting financial problems of the SEBs, was 
to ensure that the mini-hydro programs in eac'i state would be managed by SEBs in a manner that 
would ensure economic cost recovery. The consensus reached was that it would be feasible to set 
up mini-hydro "cost centers" in the respective SEBs to record, control, and monitor all costs 
associated with the mini-hydro program, and to track progress in constructing and operating the 
schemes to achieve economic cost recovery and self-sufficiency. Accordingly, one objective for the 
financial analyses was to determine the "profitability"of the proposed SEB mini-hydro "costcenters". 

5.3 Financingfor SEB "Cost Centers". So far, the bulk of the funds used for the 
development of the initial batch of irrigation based mini-hydro schemes has been mobilized from 
the state government level. The GOI provided some financial support to the state government
initiatives and extended some credits and grants through agencies such as the DNES, the REC, and 
the Power Finance Corporation (PFC) respectively. 23/ For the Eight Plan, the GOI plans a 
substantial increase in its direct financial support to the states for irrigation based mini-hydro
schemes; the DNES expects that an allocation of about Rs. 1500 million (US Dollars 90 million)
would be made available for mini-hydro development, 50% of which would be earmarked for 
irrigation based schemes. 

23/ The DNES provided grants to the APSEB for the development of pilot schemes on the 
Kakatiya D83 BC; additional funds have been earmarked for pilot schemes in Punjab state. 
The REC provided credits for the schemes in Tamil Nadu; and the PFC has provided a 
supplementary loan to develop a scheme in Karnataka. 
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5.4 It was assumed that up to 25% of the investment required to develop the schemes
in each state will be mobilized in the form of equity contributions from the respective State
Governments or the SEBs into the mini-hydro "cost centers". The bulk of the financing (75%) for
the mini-hydro "cost centers" would be obtained as loans from public agencies such as the Power
Finance Corporation (PFC), t~e Rural Electrification Corporation (REC), 24/ and more probably
the Indian Renewable Energy Development Agency (IREDA). 

IREDA Mini-Hydro Loan Facility
 

In September, 1990, the Board of IREDA approved the following conditions for financial
 
support to mini-hydro projects. Both public and private sector organizations, including those in
 
the joint or cooperative sector were eligible for loans, provided the equity contribution of the
 
principal sponsors would have to be at least 25% of the total 
investment required.
 

IREDA loans would not exceed 50% of the total cost of any mini-hydro scheme, up to a

limit of Rs. 10 million. The IREDA "Guidelines for Financial Assistance" stipulates that: (i)the
 
interest rate would be 12.5% p.a, with 
a rebate of 0.5% if repayment of principal and interest

charges were made consistently punctual; (ii)Loans would be repaid in 10 years, with a 3 year

grace period; (iii) a loan commitment charge would be applied at 0.5% of Loan amount up to a 
ceiling

of Rs. 1.0 million; and (iv)a Bank Guarantee would be required to secure the Loan.
 

Box 5.1
 

5.5 Minimum CashflowRequirements. The current lending terms for these agencies are
almost the same; therefore it is assumed that loans would be provided to the mini-hydro "cost
centers" at 12.5% interest rate and an amortization period of 10 years. In Punjab State, where the
financing for the schemes has already been secured under the ongoing Punjab Irrigation and
Drainage Project, assuming that the funds are to be transferred by the State Government to a mini
hydro "cost center" in the PSEB as loans with terms similar to those offered by REC or PFC. 

5.6 The minimum cashflow requirements of the mini-hydro "costcenters"were computed
based on full recovery of costs incurred due to debt servicing plus the annual operation and
maintenance of schemes (i.e., estimated to be 2% of capital cost per annum). The weighted average
costs of generation for the "cost centers" in the southern states was estimated to vary from 
Rs.0.29/kWh in Kerala to 0.49/kWh in Andra Pradesh. Similarly in Punjab State, the weighted 
average cost of generation for the mini-hydro "cost center" was estimated to be Rs. 0.51/kWh. 

5.7 Revenues for the "CostCenters". Since the goal is to achieve economic cost recovery,
it was assumed that revenues would accrue to the mini-hydro "cost centers"from the "sale"of energy
to the grid; as such the financial value of the revenue generated by the mini-hydro "cost center" 
was established in terms of: (i) the tariff paid for bulk power imports from the National Thermal
Power Corporation (NTPC); and (ii) the average tariff for power sales from the grid in each state. 

24/ The OECF of Japan has established a line of credit at the REC which may be used by theSEBs to finance some of the irrigation based mini-hydro schemes covered by this study.
Schemes under consideration include Brindavan (Karnataka)and Lower Bhavani (Tamil 
Nadu). 
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CASHFLOW 	 BALANCE FOR SEB MINI-HYDRO NCOST CENTERSE 

TOTAL ENERGY WEIGHTED AVERAGE NET REVENUES FOR
 
STATE CAPACITY OUTPUT AV. COST TARIFF "COST CENTERS"
 

(MW) 	 (GWh/yr.) (Rs./kWh) (Rs./kWh) CRs. millions p.a)
 

Andra Pradesh 19.5 95.3 0.49 0.62 10.5-12.4 
Kerata 26.6 120.0 0.29 0.53 28.8-37.4 
Karnateka 37.7 170.0 0.44 0.73 27.3-49.4 
Tamt Nadu 24.1 82.8 0.39 0.87 17.1-39.1 
Punjab 22.2 133.0 0.51 0.67 12.0-21.4 

Source:ESAP estimates; SEBs and KPC. 

Table 5.1 

5.8 At present, the tariff for NTPC bulk power supply into the state grids in the southern 
region is Rs. 0.60/kWh. 25/ With the exception of Kerala, which is entirely dependent on 
hydropower, the average tariff for sales in the southern region is higher than the rate paid for 
NTPC supply. 26/ The average tariff for sales is Rs. 0.53/kWh for Kerala, and varies from Rs. 0.62
0.87/kWh in the other three states; for Punjab, the average tariff is Rs.0.67/kWh. As shown in 
Table 5.1, the net revenues in excess of minimum cashflow requirements would be positive for the 
mini-hydro "cost centers" in each state, indicating that the mini-hydro "cost centers" would be self
supporting. 

C. Return On Equity For Private Sector 

5.10 The State Governments in Karnataka and Andhra Pradesh respectively are 
encouraging private companies to invest in mini-hydro schemes as an alternative source of captive
generation. Recently, the Karnataka State Government approved leases for private development
of several prospective mini-hydro sites including the canal drop scheme at Maddur, and the dam 
based scheme at Mudhol. The Andra Pradesh State Government also has offered leases to private
investors for the development of all the mini-hydro prospects that are covered in this study (i.e.,the 
cluster of five schemes on the Guntur Branch Canal, the schemes on the Lock-In-Sula Regulator 
of the KC Canal, etc.). 

25/ 	 The average cost of generation in PSEB thermal power stations is of the order of 
Rs.0.90/kWh; variable costs due to fuel and annual operation and maintenance is estimated 
to be Rs.0.60/kWh. 

26/ 	 The other states depend to a greater extent on higher cost thermal power stations. For
example, the cost of power from TNEB's existing thermal power stations at Mettur and 
Ennore are estimated to be Rs.0.95/kWh and Rs.1.06/kWh respectively. The cost of 
generation at KPC's Raichur thermal power station is estimated to be at least Rs/0.75/kWh, 
and the cost of generation at APSEB's Vijayawada thermal station exceeds Rs.0.8/kWh. 
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5.11 The aim of the financial analysis was to determine the rate of return on equity for 
potential private investors, based on the conditions stipulated in lease agreements in Karnataka 
(Box 5.2), including restrictions on how financing should be mobilized; private companies would be 
required to contribute at least 25% in the form of equity, raise up to the maximum of 50% of the 
required capital investment for the schemes in the form of loans from IREDA (Box 5.1), and secure 
the balance as debt from private sources. It was assumed that private commercial loans would be 
secured for repayment over 6 years at an interest rate of 17%. 

5.12 With the conditions of the lease agreements in Karnataka, and assuming that designs 
presented in this study are adopted, the cost of generation at the Maddur canal drop would be 
Rs.0.73/kWh. Similarly the cost of generation at Mudhol would be Rs.0.61/kWh. The installed 
capacity of the irrigation based mini-hydro schemes will not be available at all times during the 
year; this implies that the financial savings should be confined to the variable costs of industrial 
diesel auto-generation (Rs. 1.16/kWh). 

Terms 	of Lease Agreements in Karnataka
 

The State Government of Karnataka has offered private companies the option of obtaining

Long term teases to develop mini-hydro schemes on irrigation canals. The basic terms and conditions 
which are stipulated in recent Lease agreements between the Karnataka State Government and a few 
private companies, and are pertinent to the analysis of the financial viability from the private 
company's perspective are as follows: 

(a) 	 a nominal fee of Rs.1000 per annum witt be charged for the duration of the lease which
 
atL4s for private ownership of the mini-hydro facilities to extend over a 40 year 
period;
 

(b) a royalty for water use wiLt be charged at the rate of 1OX of the prevailing electricity

tariff for high tension Industrial consumers. The royalty would be Rs.0.115/kWh at 
current 	tariff levels in the state;
 

(M) electricity duties wiLt be Levied from time to time, as is required by the state 
government;
 

(d) 	 the cost of instaLling e transmission line to connect the mini-hydro scheme to the state 
grid wilt be borne by the private company. For each of the schemes reviewed by ESMAP, 
the estimates of total capital costs already include the grid-tie requirements; 

(e) 	 the operation and maintenance costs of the mini-hydro scheme wouLd be borne by the
 
private company. The O&N costs are estimated to be 1X of the totat capital costs of each 
scheme; 	and
 

(f) a charge equivalent to 1OX of energy wheeled through the state grid wiLL be imposed by
 
the KEB to cover the costs of power tranamission from the captive mini-hydro scheme to
 
the point of 6onsumption by the private company.
 

Box 5.2 

5.13 Taking into account the annual generation of each scheme, the deductions that 
would be allowed for depreciation (i.e., assuming 20 year straight line depreciation), wheeling
charges to be levied by the Karnataka Electricity Board (KEB), but not the payments to be made 
to the State in lieu of electricity duties and the levies for maintenance of the irrigation reservoirs, 
the return on equity contributed by the private companies to develop each scheme would be 45% 
for the Maddur scheme, and 75% for the Mudhol scheme. Prima facie it would seem that 
development of the two schemes would be an attractive investment for private companies which 
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need to secure a non-diesel source of captive power; private companies, especially those that plan 
to acquire diesel generators, would be in a position to pay royalty charges to gain access to the use 
of regulated water flows from irrigation reservoirs such as has already been proposed in Karnataka. 

RETURN ON EQUITY FOR PRIVATE INVESTORS 

Scheme Name 

Installed Capacity (MW) 


Annual Generation (GWh) 
Wheeling Charge (10%) 
Net Generation (Gh) 

Capital Cost (Rs. million) 

Construction Interest (Rs. miLlion) 

Total Financing (Rs. miLLion) 


Financing Plan (Rs. millions)
 
Equity (25%) 

Public Financing (50%) 

Private Financing (25%) 


Total Investment 


Cbshftlow Requirement
 
(Rs. mition/year)
 

Debt Servicing 

Royalties (Rs.0.115/kWh) 

0 & M 

Total CashfLow 


Cost of Generation (Rs./kWh)
 
Mini-hydro Scheme 

Standby Diesel Generator 


Financial Savings (Rs. miLLion)
 
Standby Diesel Generator 


less Depreciation (5%/yr.) 


Net Financial Savings (Rs. miLlion)
 

Standby Diesel Generator 


Rate of Return on Equity 

Source: ESMAP estimates 

Table 5.2 

Maddur NudhoL 

2.0 1.0 

8.93 5.20 
0.89 0.52 
8.04 4.68 

24.26 11.40 
3.03 1.43 
27.29 12.83 

6.82 3.21 
13.65 6.41 
6.82 3.21 
27.29 12.83 

4.37 2.05 
1.03 0.60 
0.49 0.23 
5.88 2.88 

0.73 0.61 
1.16 1.16 

3.44 2.55 

(0.34) (0.16) 

3.10 2.39 

451 75Z 
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ANNEX A
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ANNEX A: DERIVATION OF NINIM ANEJAL ENERGY PRODJCTIVITY 

Int, oduct ion 

In order to improve the economic viability of irrigation based mini-hydro schemes, the primary objective 
for design is to maximize the number of kilowatt hours prodoced annually per unit of investment; the tnngl h of 
the irrigation season a critical factor in determining the economic viability of schemes since the aim is to
 
achieve a high plant Load factor. The concept of "minimum annual energy productivity" is a useful criteria
 
for screening design proposals for prospectives schemes. The value of the minimum annual energy productiviy
 
is derived from the estimated economic value of energy, as presented below. The minimum value for economic 
viability remains a constant and does not change with plant factors.
 

1. Derivation of Minimum Annual Energy Productivity
 

The key parameter is the economic value of the power to be supplied into the grid by the prospective
 
ir ,.jation based mini-hydro scheme; this value was determined to be Rs. 0.80/kWh, as indicated in Chapter 4
 
(paras. 4.3 through 4.7). Other parameters include: (i) the discount factor (12% p.a); (ii) the Standard
 
Conversion Fector (0.80), which in accordance to standard World Bank practice in India is applied to convert
 
financial costp into ecoromic costs; (iii) the economic Life of the mini-hydro schemes which is assumed to be
 
25 years; and iv the annual Yx-rating and maintenance (O&M) costs which is assumed to be 2% of the capital 
costs. From the above, the capital recovery factor was estimated to be 12.7%p.a. Also since is it assumed that 
construction would take 18 months, interest during construction is applied for one year at the 12% p.a. discount 
rate. 

II. Calculation of Maximum Tolerable Investment (Rs./kW)
 

The first step is to calculate the maximum tolerable investment per installed kilowatt which would
 
enable power to be produced at or below the economic value for energy (i.e., Rs. 0.8/kwh). For illustrative
 
purposes, it is assumed that the plant load factor would be 30% (i.e., the plant would produce 2628 kWh/kW
 
installed capacity). The maximum tolerable investment per installed kW varies with plant Load factor, as shown
 
in Figure Al.
 

a. annual value of energy produced is (0.80 Rs./kWh x 2,628kWh/kW installed) or 2,102 Rs./kW 
installed.
 

b. the equivalent investment including construction interest charges is 2,102 Rs./kWh divided by 
the capital recovery factor plus annual O&M cost ,actor (i.e., 0.127+0.02).
 
The conputed value is 14,254 Rs./kW
 

c. Hence, the equivalent investment Less construction interest chargeq becomes 14,254 divided by 

1.12 or 12,726 Rs./kW.
 

In economic terms, the maximum tolerable investment per kW installed = Rs. 12,726
 

In financial/commercial terms (i.e., after applying the Standard Conversion Factor of 0.8),
 
the maximum tolerable investment per kW installed becomes (12,726 divided by 0.8) or
 

15,908 Rs./kW
 

III. Calculation of Minimum Annual Energy Productivity per Rupee Invested
 

The minimum annual energy productivity per unit of investment is derived from the economic value of 
energy; it however is not dependent on the plant load factor and therefore is a more useful criteria for 
designing irrigation based mini-hydro schemes where different configurations with a range of plant load factors 
need to be screened. The value of the minimum annual energy productivity is derived by dividing the annual 
energy output of a given scheme by the maximum tolerable investment, as indicated below. The results for a range
 
of values of the economic value of energy is shown in Figure A.2.
 

a. (2628 kWh/kW installed divided by 12,726 Rs./kWh) = 20.6 kwh p.a./100 Rs. invested in economic
 

terms
 

b. 20.6 kWh p.a./lOORs. x SCF (0.8) becomes 16.5 kWh p.a./100 Rs. invested in financial terms
 

http:0.127+0.02
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Design Criteria for Schemes
 
Maximum Tolerable Investment Levels
 
Rs./kW installed [Thousands)25 	 -

20% pit 

211 "
' 30% pf ; 	 : ;...- .... .............. .................................... ........ .....................
 

20 ............ 
 ..... .'"
;.....-..-...... ::" 
. 

•15....................................................................::: .......::.....
 
-- -"! . ...... ..... ............... ...
 

.... ........... .. ............. .........
10:'"........... 	 .......................... .......... '..........
::: ....... t................................... . . ..............
 

5 

0.6 	 0.1 0.8 0.9
 

Economic Value of Energy (Rs./kWh)
 

Figure A. 1 

Criteria for Design of Schemes
 
Minimum Annual Energy Productivity
 

kWh per annum/ 100 Rs. invested 
30 

.;... ....... .....................................
20 .......... ......... -..........................
................................ 

215
 

0.6 	 0.7 0.8 0.9
 

Economic Value of Energy (Rs,/kWh)
 

Figure A.2 
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LOWER SHAVANI MIPI-HYDRO SCHEME
 

..--.. --..--.. -..-.. -.....................................
 
Capacity (kW) 3*2500 2*3500
 
Energy Output (GWh) 23.0 24.0
 
Plant Load Factor (M) 0.4 0.4
 
.-....-.....-.....-
. -..........................-..........
 
Cost Estimates
 

Civil Structures 4.2 4.2
 
Etectro-Mech 20.5 18.3
 
Electricals 15.6 18.4
 
Grid-Tie
 

Total 40.3 40.9
 
....--.....-....-............-............................
 

Investment (Rs./ kW) 5373.3 5035.7
 

Energy Productivity (kWh/Rs.) 8.6 8.8
 
........ --.-........ .....................................
 

TabLeA 1 

KUTTIYADI MINI-HYDRO SCHEME
 

CAPACITY (kW) 2*2000 2*1500
 
ENERGY (GWh/Yr.) 21.9 17.2
 

COST ESTIMATES
 
CIVIL WORKS 12.4 5.5
 
ELECTRO-MECH 8.9 8.9
 
ELECTRICALS 9.0 7.0
 
GRID-TIE 0.1 0.1
 

30.4 21.5
 

Investment (Rs./kW) 7593 7187
 
Energy Prod (kWH/10 Rs) 72.1 79.8
 

Table A2 
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PEECHI MINI-HYDRO SCHEfl
 

o................. ..................... ... .......... ......
 

Capacity (kW) 

Energy Output (GWh) 

Plant Load Factor (%) 


Cost Estimates
 
Civil Structures 

Etectro-Mech 

Electricals 

Grid-Tie
 

Total 


Investment (Rs./kW) 

Energy Productivity (kWh/l00 Rs.) 


TabteA 3
 

MANIYAR MINI-HYDRO SCHEME
 

Capacity (kW) 

Energy Output (GWh) 

Plant Load Factor (%) 

.......... .......................... 


Cost Estimates
 
Civil Structures 

Eectro-Mech 

Electricals 


Total 


1500 

10.0 

0.7 


2.0 

4.4 

3.3 


9.7 


6480 

103.1 


6*2500 

56.8 

0.4 


... .............. 


13.0 

41.0 

31.0 


85.0 


1000
 
6.9
 
0.7
 

2.0
 
3.3
 
3.0
 

8.3
 

8138
 
83.1
 

3*5000
 
50.5
 
0.4
 

........
 

13.0
 
31.5
 
48.3
 

92.8
 
..... .................. ....... ........................... ....
 

Investment (Rs./kW) 5665 6187
 
Energy Productivity (kWh/Rs.) 10.0 8.2
 
.............................................................
 

Tabt eA4 
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ANNEX B: DETERMINING THE DESIGN HEAD FOR DAM BASED SCHEMES 

The Lower Bhavanl Scheme, Tamil Nadu 

Lower Bhavani Irrigation dam is located in Satyamangalam Taluq of Periyor District 
in Tamil Nadu, and is about 60 km by road from the city of Coimbatore. The dam discharges
through five sluices, each of which has a dimension of 1.83m x 3.05m, and can handle an equivalent
of 30 cumecs. The TNEB proposal would utilize discharges through two sluices, hence the 
remaining three sluices would be used as by-passes in the event one or two units are shut down. 

Head Duration Curve 

The TNEB provided ESMAP with 15 year series reservoir data on water draw down 
levels and tail water levels respectively. The data was used by ESMAP to prepare a series of curves 
to explore the relationship between head, flood rise level (FRL) in the reservoir and tailwater 
levels, etc. as showr in the graphs. From the head duration curve, it is apparent that the variation 
in head for an average year would be 15.92 m for a tailwater level (TWL) of 259.60 and 16.92 m 
for a TWL of 258.60m. For 1974, which was selected as a critical year for design purposes, a head 
of 16m and above was available for only about 10% of time (at TWL of 256.52). The equivalent
availability for other heads were as follows: (i) 15m - 30%; (ii) 13m - 54%; (iii) 1Im - 70%; and 
(iv) 9m - 82%. A gross head of 15.5m was available for 20% of the time. 

Tailwater Rating Curve 

The other curves shown below are based on the following relationships. The variation 
in gross head is plotted with changes in: (i) discharge level (at a reservoir draw down level of 
268.3); (ii) discharge level (at a reservoir FRL of 280.25); and (iii) the installed capacity, is plotted
in the other two curves respectively. These are represented as H = f(Q) at reservoir level 268.30;
(ii) H = f(a) at FRL 280.25, and (iii) H = f(N), where N is 3500 kW, 7000 kW and 10,500 kW, 
based on H = N/8.5Q. The intersection points "A" indicate for a discharge of 36 cumecs (draw
down level of 268.30 meters, N = 3500kW), the available head would be 11.2 meters. Similarly the 
intersection point "C" indicates that the net head would be only 10.5m for discharges of 80 cumecs 
for an installed capacity of N = 7000 kW. 

For an installed capa,.ity of 7000 kW, the reservoir level would fall to 268.8 meters. 
The sluices would be required to handle discharges of 78.5 cumecs which would be about 10 cuiecs 
moie than the maximum available discharge (67 cumecs) that was available during the entire 15 
year period covered by th - data. 1.f reservoir level increased from 268.86 to 274.4,the minimum 
a discharge of 48 cumecs would allow for a guaranteed output of 7000 kW for a head of 17.2 
meters. By restricting the discharges to 60 cumecs, the draw down level would fall to about 273 
meters, and an 7000 kW output could be maintained at a design head of 15.5 meters. 
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The Brindavan Scheme, Karnataka 

The Brindavan Dam is located on the KRS reservoir, which is part of the Cauvery Riverbasin. The proposed mini-hydro schemes would utilize discharges from the dam into the
Visveswaraiah Main Canal. 

Head Duration Curve and Tailwater Curve 

The proposed Brindavan minihydro project near Mysore envisages utilization of flows inthree vents which feed the Viswesawaraiah Canal. Based on the analysis the relationship betweenhead and discharge levels (i.e., the TWL rating curve), and the head and draw down levels for arange of installed capacities, the available head would exceed 13 meters for 50% of time. Hence
13 meters is used by ESMAP as the design head. 

Table B.1: BrIndavan Dam Mini-Hydro Scheme: 
Design Calculations for Net Head 

Discharge-Q TWL Head (meters) Head (meters)(cumecs) (meters) relative to FRL relative to MDDL
10 733.45 18.80 14.14
20 733.70 18.55 13.89
30 733.90 18.35 13.69
40 734.08 18.17 13.5150 734.23 18.02 13.36
60 734.40 17.85 13.1970 734.57 17.68 13.02 
80 734.68 1757 12.91
90 734.80 17.45 12.79
100 734.92 17.33 12.67 

H= F(Ninst) 
= Nlnst/8.5 Q 

Discharge- Head (meters) for Head (meters) for Head (meters) for(cumecs) Ninst. 5000 kW Ninst. 3500 kW Ninst- 2500 kW 
10 58.80 41.18 29.41
20 29.41 20.59 14.71
30 19.60 13.73 09.80
40 14.71 10.29 07.35
50 11.77 08.24 05.88
80 09.80 06.86 04.90
70 08.40 05.88 04.20
80 07.35 05.15 03.68

0 06.54 04.50 03.27
100 05.88 04.10 02.94 

Discharge-a Head (meters) for lead (meters) for Head (meters) for(cumecs) Ninst= 7000 kW Ninst. 7500 kW Ninst- 10500 kW 
10 82.35 88.23 123.53 
20 41.18 44.12 61.77
30 27.45 29.41 41.18
40 20.59 22.06 30.88
50 16.47 17.65 24.71
60 13.73 14.71 20.5970 11.76 12.61 17.65
80 10.29 11.03 15.47 
90 09.15 09.80 13.73100 08.24 08.82 12.35 
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ANNEX C 

ANNEX C BY-PASS ARRANGEMENTS FOR IRRIGATION BASED MINI-HYDRO SCHEMES 

Irrigation flows should not at all be disrupted by the operation of the mini-hydro schemes.
 
This is a critical design condition which requires the installation of appropriate by-pass
 
arrangements for most schemes. The main types of by-pass arrangement that are considered by
 
ESMAP to be compatible with the designs presented in this report are reviewed below.
 

By-Pass Arrangements for Dam-Based Schemes 

The main objective is to maintain irrigation discharges through dam sluices when the mini
hydro scheme has to be shut down at short notice because of operational problems such as a short 
circuit or system failure. In several of the schemes covered in this study, there would not be a major 
problem because there would be adequate capacity in the remaining sluices to handle the required 
discharge levels. For a few schemes such as the Brindavan Dam in Karnataka, the plan is to install 
penstocks turbines in each of the three sluices; by-pass arrangements are therefore necessary to 
ensure that irrigation operations would continue even when the units have to be shut down. 

The flow duration curve for Brindavan indicates that the irrigation discharges vary from 
almost zero to as high as 300 cumecs; however the maximum discharge to be handled by the mini
hydro scheme would be 100 cumecs. Hence during the 60 days (i.e., 18% duration level) that 
irrigation discharges would exceed 100 cumecs, all the surplus flows (about 50-60 cumecs in each 
sluice) has to be released through a by-pass arrangement. 

The proposed configuration of the scheme is 3 units of 3500 kW each, would require the 
discharge of 30 cumecs through each sluice; each of the sluices has an cross-sectional areas of 7 
square meters and hence the discharges would occur at a velocity of about 4 m2/sec. However to 
accommodate the maximum discharge of 100 cumecs per sluice, the velocity would be about 13 
m2/sec., which can only be handled by lining the sluices with steel. Accordingly the proposed by
pass arrangement would be in the form of a steel conduit. 

The steel conduit would be a pipe of about 2.5 to 3.0 meters in diameter which would be 
connected to the penstock at a point slightly upstream of the intake to the power house. A pressure 
regulator may not be necessary because the existing canal structure is able to fully absorb the 
hydraulic jump immediately downstream of the sluices. The proposed arrangement is shown in the 
drawings below. 

By-Pass Arrangement for Canal Drop Schemes 

For canal drop schemes, the alternatives would involve: (i) installing the by-pass immediately 
upstream of the powerhouse; or (b) installing automatically regulated crest gates at the drop 
structure. For illustrative purposes, the options for the Guntur Branch Canal are reviewed. 

The canal which is designed to handle about 80 cumecs, has a bed width of the Guntur 
Branch Canal is 22 meters; the side walls have a slope of 1:1, the depth of the flows is about 3 
meters, and the free board is 1 meter. The drop structure at the proposed scheme is 25 meters 
wide. Since the location of the powerhouse (i.e., on the by-pass channel) is relatively far from the 
drop structure, there may be some difficulties in synchronizing the operation of crest gates and the 
turbines. Moreover, mechanical means have to be used to operate the gates which would be large 
(i.e., 25 meters wide). 

The recommended arrangement would be to install a by-pass at the powerhouse, using one 
of the three configurations which are illustrated below. 
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By-Pass Arrangement for Closed Conduits 

The options for such schemes (e.g., Kuttiyadi) would be similar to those for the dam based 
schemes that use penstocks. To maintain the pressure in the conduits, the appropriate arrangement
would be to install a pressure regulator valve, as illustrated below. 
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ANNEX D: UNIT COSTS OF EQUIPMENT FOR NINI-HYDRO SCHEMES 

(1990 Prices)
 

Main Components for Costing Schemes.
 

1. The total capital costs for each of the prospective mini-hydro schemes are derived according
 

to the following components:
 

i) 	 Hydro-mechanical Equipment, comprising of the turbines (including auxiliaries) and inlet
 

valves;
 
(ii) 	 Electrical Equipment, comprising the induction generators (including auxiLiaries),
 

transformers, and other electrical equipnent such as breakers, suitches, fuses, etc.;
 

(iii) 	 Civil Structures, comprising the intake structure, water conveyance structures (e.g.,
 
penstocks, open channels, concrete conduits, draft tubes, etc.), powerhouse structure, and
 

water level control structures (e.g. gates, stop Logs).
 

Cost of 	Hydro-Nechanical Equipment
 

Table 1: 	Unit Costs - Inlet Valve, Turbine and Auxiliaries
 

(Rs. millions)
 

Runner Diameter (mm) 2800 2500 2000 1800 1600 1400 1250 1000
 

Inlet Valves 0.9 0.7 0.5 0.4 0.3 0.25 0.2 0.18
 
Turbine & Auxiliaries 9.2 8. 6.0 5.5 5.0 4.0 3.0 2.5
 

Note: 	 Inlet valve diameters are 200-300 n,..larger than runner diameters.
 

Cost of 	Electrical Ecuipment
 

TalAe 2: Electrical Costs - Induction Generators and Auxiliaries
 
(Rs million)
 

Capacity (KW) 350 650 1000 1250 1500 2000 2500 3500
 

Cost (Rs. Millions) 0.7 1.0 1.5 2.0 2.5 3.0 4.0 7.5
 

Table 3: 	Electrical Costs - Transformers
 

(Rs. million)
 

Voltage 	(KV) 0.415/11 3.3/22 3.3/33 11/110
 

KVA 500 1200 1750 5000 1625 3125 4700 13250 18750
 

Costs 0.2 0.3 0.4 0.9 0.5 0.6 0.8 2.0 2.5
 

Voltage 	(KV) !.3/11
 

KVA 1250 1625 2500 3175 3750 5000 5625 6250 9000
 
Costs 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.3
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Other Eiectrical Ites:
 

Table 4: 	ELectricaL Cost Breakers, A.B. Switches,
 
H.G. Fuses, Lightning Arrestors and Pole Structures

(Rs t.:i t 	 ion) 

VoLtage (KV) 11 22 33 110
 
Breakers 7.15 0.2 0.22 0.45
 

A.B.Soitches 0.005 0.006 0.009 0.02
 
H.G.Fuses 0.001 0.002 0.005 -


Lightning Arrestors 0.005 0.006 0.008 0.054
 

Pole Structures a/ Zp 0.02 0.02 0.03 
4p 0.04 0.04 0.06 
6p 0.06 0.06 0.08 

a/ see attached schematic on pole structures.
 

Tnstaltation Costs 

In the absence of data on the actual costs of installing mini-hydro equipment In India (l.e.,turbine
and auxiliaries, generators with auxiliaries, and switchyard equipment), the instaLlation costs have been 
estimated taking into account the foLlowing points:
 

1) 	 Total number of similar runners
 

2) 	 Total number of similar generators.
 

3) 	 Runner instaLlation takes place during early and middle stages of project construction when facilities 
are restricted.
 

4) 	 ALignment levels of equiFuient have to be carefully fixed and delay in civil works may upset erection
 
schedule.
 

Runner Generator No. of Erection Costs 
diameter Capacity Units (% of (%of 

(mm) (kW) electro- alectricals 
mech) 

2800 	 1000 1 04 5 

2500 	 3500 5 5 5 
1000 2 5 6 
650 13 5 5 

2000 	 2500 6 5 7 
1500 4 5 7 
1250 8 5 5 
1000 2 5 7 
350 5 5 7 

1400 2000 2 4 L 
1500 5 4 6 
1000 3 4 4 
650 13 4 3 
350 6 4 3 

1250 1500 
1000 
650 
350 

1 
3 
7 

18 

4 
4 
4 
4 

7 
7 
6 
4 

1000 1250 2 4 4 

1 350 4 4 4 
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SAMPLE COST ESTIMATES FOR CIVIL WORKS COMPONENT
 

OF BRINDAVAN SCHEME
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AMU E: SAMPIE COST ES1IMTES FOR CIVIL %RKS COMPOENT OF BRINAVAN SCHEME 

Table El: grindavan Dam Scheme - Civil Works Cost 
(in Rs million)
 

Item Description -c Work 	 Cost
 

1. 	 Excavation 0.033
 

2. 	 Concrete 0.514
 

3. 	 Steel
 
a) Reinforcement 0.298
 

b) structural Steel 	 0.654
 

4. 	 Other Items Mdiscellaneous 2.701
 

Total 	 4.200
 

A summory of the civil works costs based on project components are given below. 

Table E2: Brindavan Dam Scheme - Civil Works Costs 

by Project Coongent in Rs Millions 

Project Component 	 Cost
 

1. Approach pipe (RCC) & Penstock 	 0.43
 

2. Power House 	 0.67
 

3. 	 Tail Race & AuxiLiaries 2.17
 

a) Draft Tube (0.5)
 
b) TaiL Race (0.07)
 
c) Regulators (1.6)
 

4. Others 	 0.93
 

a) PreLiminary works 	 (0.15)
 
b) Temporary Sheds (0.1) 
c) T & P at 1% (0.035) 
d) Maintenance Charges at 1 % (0.035) 
e) Establishment Charges at 8 % (0.282) 
f) MisceLlaneous at 5 % (0.176) 
g) Vehicles, etc (0.1) 

h) Rounding Off (0.052
 
Total 4.200
 

The details of penstock, powerhouse, taiL race including draft tube, and regulators and preliminaries are sown
 
in TabLe 4, 5, 6, 7, 8 and 9 respectively
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Toate E3: rInem OH Scheme - Amwoah Pie Penstock Coati 
(in b miiton) 

Item Work 	 Unt Quantity Rate Cost 

1. 	 Preparation of surface incLuding Sq 35 13.2 0.0005
 
bending, cLeaning, chiseLing, etc
 

2. 	Providing and taying N 20 cc mix with Cum 39.12 905.35 0.035
 
20 mm and down size aggregates for
 
approach pipes (RCC) incLuding mixing, 
laying, vibrating, curing, etc 

3. 	 Providing and reinforcement including Tomes 3.1 8843.6 0.027
 
fabrication charges etc., complete for item 2
 

4. 	 Providing and fixing penstock pipes incLuding Tomes 11.79 25000 0.295 
fabricatiw charges
 

5. 	 Providing and Laying N 20 cc mix with 20 mm NSA Cum 29.64 905.35 0.027
 
for covering the penstock pipes incLuding mixing,
 
taying, vibrating, curing, etc
 

6. 	 Providing and fixing reinforcement incLuding Tonnes 2.33 8843.6 0.021 
fabrication charges for item 5
 

7. 	 Contingencies at 3 % 0.013 

8. 	 Work charged estabLishment at 2 % and rounding off 0.010
 

Total 	 0.428
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Table E4: Brindavan Dm Gchin - Power 
(in Ilsmitlion) 

House Costs 

Item Work Unit Quantity Rate Cost 

1. Preliminaries such as surveys, setting out, etc Lump Sun 0.010 

2. Excavation in hard rock Cum 12.35 78.2 0.010 

3. Preparation of surface including benching, 
cteaning, chiseling, etc Sqm 123.5 13.2 0.002 

4. Providing dowel rods including dritting rods Rmt 60 92.8 0.006 

5. Providing and laying M 20 cc mix with 20 mm NSA 
for covering the penstock pipes including mixing, 
Laying, vibrating, curing, etc 

Cure 60.8 824.28 0.050 

6. Providing and laying N 20 cc mix with 20 mm NSA 
including mixing, laying, vibrating, curing, etc 
complete for watts and beams 

Cure 166.09 905.35 0.150 

7. Providing and Laying N 20 cc mix with 20 mmNSA 
for roof stabs including mixing, Laying, vibrating, 
curing, etc for ro,' stab 

Cum 38.91 905.35 0.035 

8. Providing and fixing reinforcement including 
fabrication charges for item no. 5, 6, and 7. 

Tonnes 22.58 8843.6 0.200 

9. Providing and Laying mass concrete mix N-15 with 40 
mmiNSA for fitting the place between the units up to 
the level RL 736.69 m including mixing, 
Laying, vibrating, curing, etc complete 

Cum 143.56 750.53 0.108 

10. Providing and fixing rotting shutters of size 3 x 4 m 
both mechanicalty and electrically. 

Sqm 12 521.6 0.006 

11. Providing and fixing steel windows Sqi 6 72 0.004 

12. Providing oil painting to PH watts Sqm 429.22 8.6 0.004 

13. Providing weather proof compound LS 0.010 

14. Providing weather proof course over roof stab Sqm 121.6 49.5 0.006 

15. Water suppty and sanitary arrangement to power house LS 0.020 

16. Providing drainage arrangements LS 0.015 

17. Contingencies at 3 X 0.019 

18. Work charged estabtishment at 2 X 0.013 

19. Rounding otf 0.002 

Total 0.669 
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Tabte 	ES: Brlndavan Da Schmw - Draft Tube Cost, 
(in Rs million) 

Item 	 Work lbf Quet.'yIM 

1. 	 Excavation inhard rock Cum 171 

2. 	 Providing and fixing draft tube steeL pipes
 
inctuding fabrication charges Tonne 14.37 


3. 	 Providing and laying RCC draft ttbe pipes 
up to gate structure using CC, M-20,20 w NSA 
including mixing, vibrating, curing, etc Cuam 26.88 

4. 	 Providing and aying concrete covering 
for steel drcft tube pipes using M-20, CC mix Cum 36.3 

5. 	 Providing and fixing reinforcement inctuding
fabrication charges for item no. 3 and 4. Tone 4.96 

6. 	 Contingencies rt 3 % 

7. 	Work cOarged estabtishment at 2 % 


8. 	 Rounding off 

Total 

ANNEX E 
Page 4 of 6
 

78.2 0.013 

25000 0.359 

905.35 0.024 

905.35 0.033 

8843.6 0.044 

0.014 

0.009 

LM 

0.501 
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Table E6: grindwvan Om Schew - Taft Race Cost 
(inRs million)
 

Ite ork 	 uantt Rate Cost
 

1. 	 Excavation inhard rock Cu 123.5 78.2 0.010
 

2. 	 Preparation of surface Including binding, SqM 120 13.2 0.002 

3. 	 Providing M-20,20 mm NSA for tail race bed concrete
 
IncLuding mixing, vibratlng,laying, curing, etc Cum 57 905.35 0.052
 

4. 	 Contingencies at 3 X 0.002 

5. 	 Work charged establishment at 2 % 0.001
 

6. 	 Rounding off 0.003
 

Total 	 0.069
 

Table E7: Brindavan Dow Scheime - Regulators Costs 
(inRs million) 

t d 	 Work Unit Quantity Rate Cost 

1. 	 Providing and fixing tall race gate including
 
gantry cran- and erection Cu 1 1500000 1.500
 

2. 	 Contingencies at 3 % 0.05 
3. 	 Work charged establishment at 2 X 0.%31 

And rounding off
 
Total 1.581
 

Table Ea: Brindavan Dam Scheme - Preliminary Uorks Cots 

(inRs million)
 

Item Work 	 Cost
 

1. 	 Surveys 0.025
 
2. 	 Hydrological und Metecotogicat investigations 0.025 
3. 	 Testing of materials 0.025
 
4. 	 Printing project reports, estimates, etc 0.025
 
5. 	 Vehicles for inspecting officers 0.02 
6. 	 Surveys and MathematicaL instruments 0.02 
7. 	 Hiscellaneous and unforeseen expenditures 0.01
 

Total 	 0.15
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For the canat-based mini hydro schemes Maddur civil works cost estimates are given as examptes in TabLe 10 and 11. 

Table E9: Naddur 	Canal Civil Works Costs Estilate 
(inRs million) 

KPC Proposal.
 
Ite Work Maddur Alt.11 Moddur Att.1 (1990)


tiantity Cost Quantity Cost Quantity Cost
 

1. 	 Excavation
 
a) Soit P3 30000 1.227 30000 1.227 4000 1.672
 
b) Rock M3 5500 0.521 5500 0.521 29000 2.749
 

2. 	 Concrete
 
a) M15 K3 1420 1.015 1420 1.015 3000 2.145
 
b) 420 P43 120 0.11 120 0.11 140 0.129
 

3. 	 Steel
 
a) Reinforcement T 25 0.26 25 0.26 23 0.24
 
b) Structural T 1 0.013 1 0.013 1 0.013
 

4. Enbankment 	 43 31500 0.882 31500 0.882 13200 0.37 
5. 	 Misce taneous L.S 0.936 0.936 - 5 
6. 	 Water Conductor 2.37 6.265
 

System
 

Total 	 7.334 11.229 12.318 

Table 	11: Naddur Schewm: Civit Works Costs by Project Cooponent 
(nRs miLLion)
 

Intake 
ESMAP Alternatives Structure Penstock Powerhouse Taoirace Totat 

Alt.1 	Precast Home Pipe(200 m) 2.7 8.3 0.48 11.48
 

ALt.2 	Cast inSita Trough (300 m) 2.7 3.9 0.48 7.08
 

Alt.3 	Cast inSits Trough (100 m) 2.7 1.95 0.48 10.6 15.73
 

Alt.4 	Precast Home Pipe(100 m) 2.7 4.15 0.48 10.6 17.93 

ALt.5 	Open Tunnel with Embankment 2.7 3.1 0.74 10.6 17.14 
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ANNEX F
 

LIST OF LOCAL MANUFACTURERS OF MINI-HYDRO PLANT IN INDIA
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ANNEX F: LIST OF LOCAL MANUFACTURERS OF MINI-HYDRO PLANT IN INDIA 

A. Types of Turbines 

1) Syphon: Tubular with syphon intake, turbine above tail water level and no gate or 
valve. Head restricted to 5 meters. For heads above 5 meters and up to 30 meters, 
syphon intake with extended penstock, setting below tail water level. Powerhouse 
conventional. 

2) 	 Vertical Kaplan: Propeller with radial wicket gate configuration. Contro! system
designed so that variation in blade angle is coupled with the wicket gate setting.
Speed increaser provided. 

3) 	 Francis: Radial (low specific speed) and mixed flow types (peak efficiency at 
considerably higher specific speed). 

4) 	 Cross Flow: impulse turbine with partial arc admission conical draft tube. Flat 
efficiency curve for a range of 1/3 to full flow. 

5) 	 Propeller: Fixed blade with or without provision of manual adjustment of blades. 
Components include wicket gates, runner and draft tube. Blade adjustment, if 
provided, for 40-105% rated flow. 

6) 	 Tubular (upstream elbow): Generator outside and upstream of turbine. Connected 
through speed increaser. Blades fixed or adjustable (semi-kaplan). No wicket gates, 
shut off/start up valve or gate required. 

7) 	 Tubular (bulb): Generator within bulb directly connected or through epicyclic or 
planetary gears. Fixed or adjustable blades. Two variations to this type are rim type
(generator rotor mounted on the periphery of turbine runner blades); Lip seal design
limited to 15 meter head with runner dia 3.5 m). Fixed blades and capacity up to 
2,000 kw. Escher Wyss design for higher heads and capacity or externally mounted 
right angle drive generator. 

B. Manufacturers by Location in India 

DELHI 

1. 	 Flovel Private Ltd. 
A-219, Okhla Industrial Area 
Phase-I 
New Delhi-110 020 

2. 	 M/s. Triveni Engineering Works Ltd. 
Projects & Engineering Division 
B-65, Okhla Industrial Area, Phase-I 
New Delhi-ll0 020 
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GUJARAT 

3. 	 Jyoti Limited
 
Industria! Area
 
F.O. Chemical industries
 
Vadodara-390 003
 

KARNATAKA 

4. 	 Foress Engineering (India Pvt. Ltd.)
 
Peenya Industrial Estate
 
desarhalli
 
Bangalore
 

5. 	 Tungabhadra Steel Products Ltd.
 
Tunga Bhadra dam
 
Karnataka-583 225
 

KERALA 

6. 	 M/s. Steel Industries Kerala Ltd. 
Jupiter Building Complex 
Post box No. 807, M.G. Road 
Trichur-680 004 
Kerala 

MADH-(A PRADESH 

7. 	 Bharat Heavy Electrical Ltd 
Pipani
 
Bhopal 

PUNJAB 

8. 	 Punjab Power Generation Machines Ltd. 
SCO 108 & 109 
Sector 8-C 
Chandigarh-160 018 

TAMIL NADU 

9. 	 Best & Crompton 
Small Hydel Project Division 
39, Industrial Estate (North) 
Ambattur, Madras-600 098 

WEST 	BENGA 

10. 	 Larsei , Toubro Ltd. 
3 B, Shakesphere Sarani 
P.O. Box 619
 
Calcutta-700 071
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C. I.C. Engines with Alternative Fuels 

MAHARASHTRA 

1. Crompton Greaves Ltd. 
Kanjur 
Bhandup 
Bombay-400 078 

2. Kirloskar O1 Engines Ltd. 
13, Laxmanrao Kirloskar Road 
Khadki 
Pune-411 003 

UTITAR PRADESH 

3. Sterling Machine Tools 
B-13, Foundry Nagar 
Hathras Road 
Agra-282 006 

D. Battery Powered Vehicles 

MADHYA PRADESH 

1. Bharat Heavy Electricals Ltd. 
P.O. Piplani 
Bhopal-462 022 

MAHARASHTRA 

2. M/s. Chatabe Vehicles (India) Ltd. 
"Sadguru", 16-French Bridge Road 
Chowpalty, Bombay-400 007 
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ANNEX ( 

TECHNICAL DRAWINGS FOR CASE STUDY SCHEMES 

1. Brindavan Dam Scheme, Karnataka 
2. Maddur Canal Drop Scheme, Karnataka 
3. Kilara Canal Drop Scheme, Karnataka 
4. Guntur Branch Canal Scheme, Andhra Pradesh 
5. Kuttiyadi Tailrace Scheme, Kerala 
6. Tugal Canal Drop Scheme, Punjab 
7. Lower Bhavani Dam Scheme, Tamil Nadu 
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ENERGY SECTOR MANAGEMENT ASSISTANCE PROGRAMME 

COMPLETED ACTIVITIES 

Country Activity 	 Date Number 

SUB-SAHARAN AFRICA 

Africa Regional 	 Anglophone Africa Household Energy Workshop 07/88 085/88 
Regional Power Seminar on Reducing Electric Power System 

Losses in Africa 08/88 087/88
Institutional Evaluation of EGL 02/89 098/89 
Biomass Mapping Regional Workshops 05/89 -
Francophone Household Energy Workshop 08/89 103/89
Interafrican Electrical Engineering College: Proposals for Short

and Long-Term Development 03/90 112/90
Biomass Assessment and Mapping 03/90

Angola Energy Assessment 05/89 4708-ANG 
Benin Energy Assessment 06/85 5222-BEN 
Botswana Energy Assessment 09/84 4998-BT 

Pump Electrification Prefeasibility Study 01/86 047/86
Review of Electricity Service Connection Policy 07/87 071/87
Tuli Block Farms Electrification Study 07/87 072/87
Household Energy Issues Study 02/88 -
Urban Household 	Energy Strategy Study 05191 132/91

Burkina Faso 	 Energy Assessment 01/86 5730-BUR 
Technical Assistance Program 03/86 052/86
Urban Household Energy Strategy Study 06/91 134/91

Burundi 	 Energy Assessment 06/82 3778-BU
 
Petroleum Supply Management 01/84 012/84

Status Report 02/84 011/84
 
Presentation of Energy Projects for the Fourth Five-Year Plan 
(1983-1987) 05/85 036/85 

Improved Charcoal Cookstove Strategy 09/85 042/85
Peat Utilization Project 11/85 046/85

Cape Verde Energy Assessment 08/84 5073-CV 
Household Energy Strategy Study 02/90 110/90

Comoros 	 Energy Assessment 01/88 7104-COM 
Congo 	 Energy Assessment 01/88 6420-COB 

Power Development Plan 03/90 106/90
C6te d'Ivoire 	 Energy Assessment 04/85 5250-IVC 

Improvd Biomass Utilization 04/87 069/87
Power System Efficiency Study 12/87 -

Ethiopia 	 Energy Assessment 07/84 4741-ET 
Power System Efficiency Study 10/85 045/85
Agricultural Residue Briquetting Pilot Project 12/86 062/86 
Bagasse Study 12/86 063/86
Cooking Efficiency Project 12/87 

Gabon 	 Energy Assessment 07/88 6915-GA 



-2-


Country Activity Date Number 

The Gambia Energy Assessment 11/83 4743-GM 
Solar Water Heating Retrofit Project 02/85 030/85 
Solar Photovoltaic Applications 03/85 032/85 
Petroleum Supply Management Assistance 04/85 035/85 

Ghana Energy Assessment 11/86 6234-GH 
Energy Rationalization in the Industrial Sector 06/88 094/88 
Sawmill Residues Utilization Study 11/88 074/87 

Guinea Energy Assessment 11/86 6137-GUI 
Guinea-Bissau Energy Assessment 08/84 5083-GUB 

Recommended Technical Assistance Projects 04/85 033/85 
Management Options for the Electric Power and Water Supply 

Subsectors 02/90 100/90 
Power and Water Institutional Restructuring (French) 04/91 118/91 

Kenya Energy Assessment 05/82 3800-KE 
Power System Efficiency Study 03/84 014/84 
Status Report 05/84 016/84 
Coal Conversion Action Plan 02/87 --
Solar Water Heating Study 02/87 066/87 
Peri-Urban Woodfuel Development 10/87 076/87 
Power Master Plan 11/87 -

Lesotho Energy Assessment 01/84 4676-LSO 
Liberia Energy Assessment 12/84 5279-LBR 

Recommended Technizal Assistance Projects 06/85 038/85 
Power 'ystem Efficiency Study 12/87 081/87 

Madagascar Energy Assessment 01/87 5700-MAG 
Power System Efficiency Study 12/87 075/87 

Malawi Energy Assessment 08/82 3903-MAL 
Technical Assistance to Improve the Efficiency of Fuelwood 

Use in the Tobacco Industry 11/83 009/83 
Status Report 01/84 013/84 

Islamic Republic 
of Mauritania Energy Assessment 04/85 5224-MAU 

Household Energy Strategy Study 07/90 123/90 
Mauritius Energy Assessment 12/81 3510-MAS 

Status Report 10/83 008/83 
Power System Efficiency Audit 05/87 070/87 
Bagasse Power Potential 10/87 077/87 

Mozambique Energy Assessment 01/87 6128-MOZ 
Household Electricity Utilization Study 03/90 113/90 

Niger Energy Assessment 05/84 4642-NIR 
Status Report 02/86 051/86 
Improved Stoves Project 12/87 080/87 
Household Energy Conservation and Substitution 01/88 082/88 

Nigeria Energy Assessment 08/83 4440-TJNI 
Rwanda Energy Assessment 06/82 3779-RW 

Energy Assessment 07/91 8017-RW 
Status Report 05/84 017/84 
Improved Charcoal Cookstove Strategy 08/86 059/86 
Improved Charcoal Pioduction Techniques 02/87 065/87 
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Country Activity Date Number 

Sao Tome 
and Principe 

Senegal 
Energy Assessment 
Energy Assessment 
Status Report 
Industrial Energy Conservation Study 

10/85 
07/83 
10/84 
05/85 

5803-STP 
4182-SE 
025/84 
037/85 

Seychelles 

Sierra Leone 
Somalia 
Sudan 

Preparatory Assistance for Donor Meeting 
Urban Household Energy Strategy 
Energy Assessment 
Electric Power System Efficiency Study 
Energy Assessment 
Energy Assessment 
Management Assistance to the Ministry of Energy and Mining 
Energy Assessment 

04/86 
02/89 
01/84 
08/84 
10/87 
12/85 
05/83 
07/83 

056/86 
096/89 
4693-SEY 
021/84 
6597-SL 
5796-SO 
003/83 
4511-SU 

Swaziland 
Tanzania 

Power System Efficiency Study 
Status Report 
Wood Energy/Forestry Feasibility 
Energy Assessment 
Energy Assessment 
Peri-Urban Woodfuels Feasibility Study 
Tobacco Curing Efficiency Study 

06/84 
11/84 
07/87 
02/87 
11/84 
08/88 
05/89 

018/84 
026/84 
073/87 
6262-SW 
4969-TA 
086/88 
102/89 

Togo 

Uganda 

Remote Sensing and Mapping of Woodlands 
Industrial Energy Efficiency Technical Assistance 
Energy Assessment 
Wood Recovery in the Nangbeto Lake 
Power Efficiency Improvement 
Energy Assessment 

06/90 
08/90 
06/85 
04/86 
12/87 
07/83 

-
122/90 
5221-TO 
055186 
078/87 
4453-UG 

Status Report 
Institutional Review of the Energy Sector 
Energy Efficiency in Tobacco Curing Industry 
Fuelwood/Forestry Feasibility Study 
Power System Efficiency Study 

08/84 
01/85 
02/86 
03/86 
12/88 

020/84 
029/85 
049/86 
053/86 
092/88 

Energy Efficiency Improvement in the Brick and Tile Industry 
Tobacco Curing Pilot Project 

02/89 
03/89 

097/89 
UNDP Terminal 

Zaire 
Zambia 

Energy Assessment 
Energy Assessment 

Report 
05/86 5837-ZR 
01/83 4110-ZA 

Status Report 
Energy Sector Institutional Review 
Power Subsector Efficiency Study 

08/85 
11/86 
02/89 

039/85 
060/86 
093/88 

Zimbabwe 

Energy Strategy Study 
Urban Household Energy Strategy Study 
Energy Assessment 

02/89 
08/90 
06/82 

094/88 
121/90 
3765-ZIM 

Power System Efficiency Study 
Status Report 
Power Sector Management Assistance Project 
Petroleum Management Assistance 
Power Sector Management Institution Building 
Charcoal Utilization Prefeasibility Study 

06/83 
08/84 
04/85 
12/89 
09/89 
06/90 

005/83 
019/84 
034/85 
109/89 
-
119/90 
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Country Activity Date Number 

ASIA AND THE PACIFIC 

Asia Regional 
Bangladesh 

Pacific Household and Rural Energy Seminar 
Energy Assessment 

11/90 
10/82 

-

3873-BD 
Priority Investment Program 
Status Report 
Power System Efficiency Study 
Small Scale Uses of Gas Prefeasibility Study 

05/83 
04/84 
02/85 
12/88 

002/83 
015/84 
031/85 
-

China 

Fiji 

County-Level Rural Energy Assessments 
Fuelwood Forestry Preinvestment Study 
Energy Assessment 

05/89 
12/89 
06/83 

101/89 
105/89 
4462-FU 

India Opportunities for Commercialization of Nonconventional 
Energy Systems 11/88 091/88 

Maharashtra Bagasse Energy Efficiency Project 
Mini-Hydro Development on Irrigation Dams and 

05/91 120/91 

Canal Drops Vols. I, II and III 07/91 131/91 
Indonesia Energy Assessment 

Status Report 
11/81 
09/84 

3543-IND 
022/84 

Power Generation Efficiency Study 
Energy Efficiency in the Brick, Tile and Lime Industries 

02/86 
04/87 

050/86 
067/87 

Malaysia 
Myanmar 

Diesel Generating Plant Efficiency Study 
Urban Household Energy Strategy Study 
Biomass Gasifier Preinvestment Study Vols. I & II 
Sabah Power System Efficiency Study 
Energy Assessment 

12/88 
02/90 
12/90 
03/87 
06/85 

095/88 
107/90 
124/90 
068/87 
5416-BA 

Nepal Energy Assessment 08/83 4474-NEP 
Status Report 01/85 028/84 

Papua New 
Guinea Energy Assessment 06/82 3882-PNG 

Status Report 07/83 006/83 
Energy Strategy Paper 
Institutional Review in the Energy Sector 10/84 023/84 

Solomon Islands 
South Pacific 
Sri Lanka 

Power Tariff Study 
Energy Assessment 
Petroleum Transport in the South Pacific 
Energy Assessment 

10/84 
06/83 
05/86 
05/82 

024/84 
4404-SOL 
-
3792-CE 

Thailand 

Power System Loss Reduction Study 
Status Report 
Industrial Energy Conservation Study 
Energy Assessment 

07/83 
01/84 
03/86 
09/85 

007/83 
010/84 
054/86 
5793-TH 

Rural Energy Issues and Options 09/85 044/85 
Accelerated Dissemination of Improved Stoves and Charcoal Kilns 09/87 079,'37 
Northeast Region Village Forestry and Woodfuels 

Preinvestment Study 
Impact of Lower Oil Prices 

02/88 
08/88 

083/88 
--

Tonga 
Vanuatu 
Western Samoa 

Coal Development and Utilization Study 
Energy Assessment 
Energy Assessment 
Energy Assessment 

10/89 
06/85 
06/85 
06/85 

-
5498-TON 
5577-VA 
5497-WSO 
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Country Activity Date Number 

EUROPE, MIDDLE EAST AND NORTH AFRICA (EMENA) 

Morocco 

Pakistan 

Portugal 
Syria 

Tunisia 
Turkey 
Yemen 

Energy Assessment 
Status Report 
Household Energy Assessment 
Assessment of Photovoltaic Programs, Applications, and Markets 
Energy Assessment 
Energy Assessment 
Electric Power Efficiency Study 
Energy Efficiency Improvement in the Cement Sector 
Energy Efficiency Improvement in the Fertilizer Sector 
Fuel Substitution 
Energy Assessment 
Energy Assessment 
Energy Investment Priorities 

03/84 
01/86 
05/88 
10/89 
04/84 
05/86 
09/88 
04/89 
06/90 
03/90 
03/83 
12/84 
02187 

4157-MOR 
048/86 
-
103/89 
4824-PO 
5822-SYR 
089/88 
099/89 
115/90 
-
3877-TU 
4892-YAR 
6376-YAR 

Household Energy Strategy Study Phase I 03/91 126/91 

LATIN AMERICA AND THE CARIBBEAN (LAC) 

LAC Regional Regional Seminar on Electric Power System Loss Reduction 

Bolivia 
in the Caribbean 

Energy Assessment 
07/89 
04/83 

-
4213-BO 

National Energy Plan 12187 --
National Energy Plan (Spanish) 
La Paz Private Power Technical Assistance 
Natural Gas Distribution 
Prefeasibility Evaluation Rural Electrification and Demand 

08/91 
11/90 
03/91 

131/91 
111/90 
125/91 

Chile 
Colombia 
Costa Rica 

Dominican 

Assessment 
Energy Sector Review 
Energy Strategy Paper 
Energy Assessment 
Recommended Technical Assistpmce Projects 
Forest Residues Utilization Study 
Energy Assessment 

04/91 
08/88 
12/86 
01/84 
11/84 
02/90 
05/91 

129/91 
7129-CH 
-
4655-CR 
027/84 
108/90 
8234-DO 

Republic 
Ecuador Energy Assessment 12/85 5865-EC 

Energy Strategy Phase 1 07/88 -

Haiti 

Honduras 

Jamaica 

Energy Strategy
Energy Assessment 
Status Report 
Energy Assessment 
Petroleum Supply Management 
Energy Assessment 
Petroleum Procurement, Refining, and Distribution Study 
Energy Efficiency Building Code Phase I 
Energy Efficiency Standards and Labels Phase 1 
Management Information System Phase I 
Charcoal Production Project 
FIDCO Sawmill Residues Utilization Study 

04/91
06/82 
08/85 
08/87 
03/91 
04/85 
11/86 
03/88 
03/88 
03/88 
09/88 
09/88 

-
3672-HA 
041/85 
6476-HO 
128/91 
5466-JM 
061/86 
-
-

-

090/88 
088/88 

/ I) 
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Country Activity Date Number 

Mexico Improved Charcoal Production Within Forest 
Management for the State of Veracruz 08/91 138/91 

Panama Power System Efficiency Study 06/83 004/83 
Paraguay Energy Assessment 10/84 5145-PA 

Recommended Technical Assistance Projects 09/85 -
Status Report 09/85 043/85 

Peru Energy Assessment 01/84 4677-PE 
Status Report 08/85 040/85 
Proposal for a Stove Dissemination Program in the Sierra 02/87 064/87 
Energy Strategy 12/90 -

Saint Lucia Energy Assessment 09/84 5111-SLU 
St. Vincent and 

the Grenadines Energy Assessment 09/84 5103-STV 
Trinidad and 

Tobago Energy Assessment 12/85 5930-TR 

GLOBAL 

Energy End Use Efficiency: Research and Strategy 11/89 -
Guidelines for Utility Customer Management and Metering 07/91 -
Women and Energy--A Resource Guide 

The International Network: Policies and Experience 04/90 -

083091 
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