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Abstract 

This thesis deals with a techno-economic evaluation of decentralized solar photovoltaic 

(PV) systems for rural lighting applications. The studies presented in this thesis include i) 

a review of literature on using PV systems for decentralized rural electrification, ii) 

feedback on the use of solar home systems in India, iii) a techno-economic analysis of 

solar home systems, iv) an assessment of carbon abatement potential of solar home 

systems in India and their cost reduction due to carbon finance, v) an evaluation of 

financial viability of central charging station model for solar lanterns for domestic 

lighting, and vi) a techno-economic comparison of rural electrification based on solar 

home systems and PV microgrids. 

More than 200 published papers, in addition to web sites and other documents 

have been reviewed to study various aspects of usage of PV lighting systems including 

solar home systems, solar lanterns and PV microgrids. The review has provided insights 

on several aspects that include system design and performance, dissemination and 

financing approaches, operations and maintenance etc. and has indicated areas for further 

research. 

A user survey of 170 households using Solar Home Systems (SHS) was 

undertaken to get a feedback on operations and maintenance aspects including types and 

occurrence of faults and expenditure incurred for the rectification, perceived benefits and 

drawbacks of using SHS. Findings of the survey point at the importance of third-party 

maintenance and preference of users towards different system configurations for varying 

needs. 

Optimization software HOMER (Hybrid Optimisation Model for Electric 

Renewables) was used to undertake techno-economic analysis of SHS with an objective 

to understand their performance at different sites characterized by varying insolation 



levels and for different types of loads and load patterns. Results indicate that the same 

load can be serviced by several configurations (a combination of PV module and battery 

capacities) of SHS with varying degree of reliability (measured by HOMER as capacity 

shortage) having different levelised unit cost of electricity. 

The diffusion potential of SHS was estimated and its implications for carbon 

mitigation have been evaluated. Further, the impact of possible carbon finance in terms of 

reduced effective capital cost to the user was also studied. Accordingly, it was found that 

19% cost reduction is possible if carbon prices were at US$10/tCO2, and all the carbon 

benefits accrue to the user upfront. This figure would reduce to 9% if carbon benefits are 

earned annually and their present worth is considered. 

Results of an attempt to evaluate fee-for-service and rental models for solar 

lanterns by setting up centralized solar charging stations are also presented in the thesis. 

The evaluation has been done from the view of the user as well as from the view of the 

service provider or charging station entrepreneur. Threshold values of daily rentals have 

been estimated for several different situations. As expected the benefits of third party 

maintenance and no requirement for upfront amount to be spent on purchasing the lantern 

can be availed by the users willing to pay an amount higher than the effective cost of 

owning the lantern. 

Microgrids are another mechanism of providing electricity services on fee-for-

service basis wherein a centralized PV power plant is set up in a village that provides 

electricity to households and shops etc. for fixed duration in lieu of monthly fee. 

However, there are pros and cons of individually owned SHS vs common facility shared 

by the entire village. An attempt to develop benchmark criteria for facilitating the 

selection of one system over the other by the household, service provider and the 

government (or the society) on the basis of size of the village and their geographical 



spread is also made in this work. For the purpose of the comparison, the two systems 

(SHS and microgrids) have been designed for same type of load and load pattern. It is 

shown that microgrids are generally viable as compared to individually owned SHS if the 

village size is large, households are densely located and have connected load for 3-4 

small appliances. 

Finally, conclusions drawn from the above work and recommendations for future 

work have been presented in the thesis. 
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