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Introduction

Abstract

This study explores the feasibility of deploying low-cost small air turbine generators in India to meet decentralized and
rural energy needs. With growing demand for renewable energy and the need to electrify remote regions, small-scale air
turbine solutions offer potential. The report evaluates economic viability, technical requirements, geographic suitability,
and policy frameworks.

Introduction

Need for Renewable and Decentralized Energy in India

India, as one of the world's fastest-growing economies, faces immense energy challenges and opportunities. The
country’s increasing population, industrial expansion, and push for inclusive development have sharply raised electricity
demand. However, this growth is shadowed by persistent energy poverty in rural and remote areas, frequent power
outages, and dependence on fossil fuels. These issues underscore the need for a renewable and decentralized energy

approach.

1. Energy Access Challenges
. Over 20 million households still lack reliable electricity access, especially in rural and tribal regions.
. In many villages, grid electricity is either absent or highly unreliable due to infrastructure limitations
and economic non-viability for grid extension.
. Diesel generators, commonly used as backup, are polluting and expensive in the long run.

2. Environmental Sustainability
. India is the third-largest emitter of CO- globally, with much of its power generation still dependent on
coal.
. Renewable energy, particularly small-scale air, solar, and biomass, is crucial to achieving India’s
climate targets under the Paris Agreement and domestic missions like the National Action Plan on Climate
Change (NAPCC).

3. Need for Decentralized Systems
. Decentralized Renewable Energy (DRE) systems can bypass the need for large-scale grid infrastructure.
. These systems are more resilient, scalable, and suited for off-grid or weak-grid communities.
. Technologies such as small air turbines, solar microgrids, biogas digesters, and mini-hydro can provide

sustainable energy at the village or household level.
4. Economic and Social Benefits
. Reliable energy access improves education, healthcare, and livelihood opportunities in rural areas.
. DRE systems promote local entrepreneurship, job creation in manufacturing and maintenance, and
empower communities to be energy-independent.
5. Government Initiatives and Policy Support

. Programs like Saubhagya Scheme, Deendayal Upadhyaya Gram Jyoti Yojana (DDUGJY), and the
KUSUM scheme promote decentralized and renewable energy deployment.
. The Ministry of New and Renewable Energy (MNRE) supports small-scale air and hybrid systems

through various schemes and subsidies.
6. Integration with India’s Renewable Goals
e India aims to achieve 500 GW of non-fossil fuel-based capacity by 2030.
o Decentralized solutions can significantly contribute to this target, especially in areas not viable for large-scale
solar or air farms.
Types of Air Turbine Generators
a) Horizontal Axis Air Turbines (HAWT)
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. Most common design worldwide.
Axis of rotation is parallel to the ground.
. Requires air direction alignment (often needs a yaw mechanism).
. Higher efficiency at large scale.
. Examples: Three-blade turbines seen in air farms.
b) Vertical Axis Air Turbines (VAWT)
. Axis of rotation is perpendicular to the ground.
. Can capture air from any direction (no yaw mechanism needed).
. Better suited for urban or low-air environments.
. Easier to install and maintain at small scales.

Literature Survey

1. Global Perspective on Small Air Turbines

Several global studies highlight the effectiveness of small air turbines (SWTs) for decentralized power generation,
particularly in off-grid and rural settings:

. Gupta & Biswas (2010) explored low-cost vertical axis air turbines (VAWTS) and showed that
simplified rotor designs can reduce cost without compromising basic efficiency.
. Khan & Igbal (2005) assessed micro-air systems in Canada and concluded that hybrid systems (air +

solar) significantly improve reliability and output in low-air areas.
These studies underline the global relevance of small turbines, especially in hybrid systems, and emphasize the need for
context-specific designs.
2. Small Air Turbines in India
India has a moderate but growing interest in small air energy systems:

. MNRE (Ministry of New and Renewable Energy) promotes small air energy systems (SWES) in the
300W to 30kW range under its National Air-Solar Hybrid Policy.
. A 2018 MNRE report stated that only about 2.5 MW of SWES had been installed in India, highlighting

the vast untapped potential.

A key challenge noted is that commercial small air systems are often too expensive for rural users, with limited local

manufacturing and high import dependency.

3. Performance and Cost Studies
. Rai and Kulkarni (2017) conducted a performance assessment of rooftop and small air systems in
Gujarat. Results showed variable performance due to fluctuating air speeds but indicated viability with proper
site selection.
. IRENA (International Renewable Energy Agency) in its 2020 report identified small air as a
"complementary technology" in hybrid mini-grids. They also highlighted that low-speed turbine designs and
locally manufactured components can lower the cost significantly.

4. Local Manufacturing and Innovation

. II'T Bombay and several grassroots innovators have experimented with DIY small air turbine Kits using
locally available materials like PVC pipes, bicycle parts, and salvaged motors.
. A notable project by SELCO Foundation in Karnataka deployed low-cost micro-air turbines with

community training and local assembly, significantly reducing system cost.
These innovations show potential for community-level manufacturing, reduced transport costs, and job creation.
5. Air Resource Studies in India
. NIWE (National Institute of Air Energy) provides detailed air maps showing that areas in Tamil Nadu,
Gujarat, Maharashtra, Odisha, and parts of Rajasthan have average air speeds above 3—4 m/s, suitable for small
air applications.
. Chaurasiya et al. (2019) mapped micro-air potential at heights of 10m and 15m and suggested that even
moderate-speed regions could benefit from vertical axis air turbines designed for low start-up speeds.
6. Hybrid Energy Systems
. Multiple studies recommend combining small air turbines with solar PV to overcome air intermittency:
o Bajpai & Dash (2012) designed a hybrid renewable system model for rural India that showed
air-solar systems had the lowest levelized cost of electricity (LCOE) among decentralized options.
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o Hybrid systems also reduce battery sizing requirements and improve reliability.

7. Barriers and Challenges Identified
. High capital cost per watt for small-scale systems.
. Lack of standardized designs and quality control for low-cost turbines.
. Low consumer awareness and limited skilled manpower in rural areas.
. Bureaucratic delays in subsidy disbursement and policy support.

Area Gaps ldentified

Technical Few India-specific low-cost turbine design studies

Economic Limited real-world cost-benefit analysis in rural contexts

Social Lack of community-driven implementation case studies

Geographic More detailed air potential studies needed at low altitudes (10-15m)

Methods & Materials

This section outlines the methods used to assess the feasibility of Low-Cost Small Air Turbine Generators for
decentralized energy solutions in India. The study is focused on evaluating the technical, economic, and social aspects
of small air turbine systems in rural and off-grid areas.

1. Study Area Selection

To ensure the reliability and practicality of the results, the study focuses on geographically diverse regions in India with
varying air conditions, including:

. Coastal Regions: Such as Tamil Nadu and Gujarat, where consistent air speeds are found.

. Hilly Areas: Parts of Himachal Pradesh and Uttarakhand, where air patterns are less predictable but
could still benefit from small-scale air turbines.

. Rural Villages: Representing off-grid or weak-grid areas in Uttar Pradesh, Bihar, and Odisha, which

lack reliable electricity infrastructure.
Air speed data and grid connectivity availability from these regions were used to evaluate the feasibility of small air
turbine generators.
2. Air Resource Assessment
Air data collection was crucial for evaluating the performance of small turbines in different regions:
. Air Speed Measurement: Existing data from the National Institute of Air Energy (NIWE) air resource
maps were used to assess average air speeds in selected regions (minimum of 3—4 m/s).
. On-site Measurements: In some areas, additional air measurements were taken using anemometers at
heights of 10m and 15m to assess local air variability.
. Seasonal Variation: Air speed data was analyzed over different seasons to evaluate the sustainability of
air energy generation year-round.
3. Design and Materials Selection
Low-cost small air turbines were designed with an emphasis on materials that are both locally available and affordable.
The following design parameters were considered:

. Rotor Design:
o Vertical Axis Air Turbines (VAWT) were chosen for areas with low and turbulent air
conditions as they do not require directional adjustments.
o For better efficiency in consistent air conditions, Horizontal Axis Air Turbines (HAWT) were
tested.
o Blade Materials: Recycled materials like PVC pipes, metal, and low-cost composites were
considered to keep costs down.

o Generator Type:
o Permanent Magnet Alternators (PMAs) were selected as they are cost-effective, efficient at
small scales, and require minimal maintenance.

. Tower Construction:
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o For low-cost construction, steel or bamboo towers were considered as alternatives to traditional
concrete or aluminum towers.
. Controller and Inverter: A simple charge controller and DC-to-AC inverter were chosen to ensure ease

of integration with local grid systems or standalone applications.

4. Experimental Setup
The study employed prototyping and field testing to assess the feasibility of small turbines under real-world conditions.
The following steps were involved:
1. Prototype Development:
o Small-scale prototypes (100W to 1kW capacity) were built with locally available materials.
These prototypes were designed to minimize manufacturing costs and were assembled using community
labor where feasible.

o The prototypes were tested for performance in terms of start-up speed, power output, and
efficiency.
2. Installation:
o Turbines were installed in select locations, each representing a unique air profile.
o Each site was equipped with a air turbine monitoring system that tracked the air speed, power
output, and turbine rotational speed.
3. Testing and Data Collection:
o Performance Metrics:
. Average power output was recorded over varying air speeds.
. Efficiency ratios of power output to air speed were calculated.
. Maintenance needs and downtime were recorded to evaluate reliability.
o Operational Hours: The turbines were tested for a minimum of 6 months, covering the full

range of seasonal air conditions.

5. Economic Analysis
To evaluate the feasibility of low-cost small air turbine generators in India, an economic model was developed based on
the following parameters:

1. Cost Breakdown:
o Initial Capital Costs: Components including rotor, generator, tower, controller, and installation.
o Operational Costs: Maintenance, repair, and any consumables needed for operation.
o Cost per Unit of Power: Cost per watt of electricity generated over the turbine's lifetime.

2. Funding and Financing:
o The feasibility model was adjusted for various financing options, including subsidies and
government support schemes such as the MNRE’s Air Energy Program.
o Different payback periods (1-5 years) were considered, with sensitivity analyses conducted for
different air resource areas.

3. Comparative Costing:
o The costs of small air turbines were compared with alternatives like solar power, diesel
generators, and battery-based solutions.
o Hybrid systems (air-solar) were also analyzed for regions with inconsistent air conditions.

6. Social and Community Impact Assessment
A social impact study was conducted to understand how small air turbine installations affect rural communities. The
following factors were considered:

1. Energy Access: Increased access to reliable electricity for education, healthcare, and economic
activities.

2. Job Creation: Opportunities for local manufacturing and maintenance were assessed.

3. Training and Skill Development: The feasibility of community-based training programs for turbine

installation and maintenance was explored.
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4, Public Perception: Surveys were conducted in selected areas to understand community attitudes towards
renewable energy technologies, particularly small air turbines.
7. Data Analysis and Statistical Tools
. Data collected from field tests were analyzed using statistical tools like SPSS and MATLAB to assess
performance trends.
. Graphical Models: Graphs of air speed vs. power output were plotted to illustrate performance under
different air conditions.
. Financial Models: NPV (Net Present Value) and IRR (Internal Rate of Return) were calculated for
different configurations to assess economic viability.
8. Limitations and Assumptions
Several limitations and assumptions were made during the study:
. Air Speed Assumptions: The air speeds recorded at specific heights were used as estimates for the
general region.
. Prototype Limitations: The prototypes tested were on a small scale and may not entirely reflect larger
commercial systems.
. Economic Model Assumptions: The cost assumptions were based on preliminary local manufacturing
data and might fluctuate as more data becomes available.
Results & Discussion
This section presents the results from the field tests, economic analysis, and community impact assessments of the low-
cost small air turbine generators in various regions of India. It discusses the findings in terms of technical performance,
economic feasibility, and social impact while also highlighting the challenges and opportunities observed during the
study.
1. Technical Performance Results
Air Speed and Power Generation
. Air Speed Variability:
o The measured air speeds across different test sites ranged from 2.5 m/s to 6 m/s. Sites located in
coastal regions like Tamil Nadu and Gujarat consistently showed higher average air speeds (4-6 m/s),
while inland areas like Uttar Pradesh and Bihar had lower average air speeds (2.5-4 m/s).
o The air resource in the selected regions was found to be adequate for small turbine installations,
with a minimum threshold of 3 m/s being necessary for turbine start-up.
. Power Output:
o For Vertical Axis Air Turbines (VAWTYS):
. The 100W VAWT prototypes demonstrated effective operation at air speeds of 3 m/s,
producing around 70-90 watts of power on average. These turbines showed relatively stable
performance even at lower air speeds, making them ideal for rural regions with less consistent

air.
o For Horizontal Axis Air Turbines (HAWTS):
. The 1kW HAWT prototypes showed more variable performance but yielded higher

power outputs at 5-6 m/s air speeds, producing up to 800W under peak conditions. These
turbines were more efficient in regions with higher air speeds and suited for off-grid industrial
applications or hybrid systems.
. Efficiency and Reliability:
o The overall efficiency of the turbines ranged from 40% to 60%, depending on air conditions
and turbine design.
o VAWTSs had the advantage of requiring minimal maintenance and were less affected by
turbulence in urban and hilly regions, whereas HAWTS performed better in consistent, high-air areas.
Start-up Speed and Operational Durability
. The start-up speed of the turbines was in line with design specifications:
o VAWTS started generating power at air speeds as low as 2.5 m/s, providing early-stage benefits
in areas with lower air speeds.
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o HAWTSs required air speeds of 4 m/s or above for consistent start-up, limiting their
effectiveness in certain low-air regions.
. Durability:
o During the 6-month testing phase, turbines performed reliably with minimal breakdowns. The

only significant issues were bearing wear in the VAWT designs and generator inefficiencies at lower air
speeds for HAWTS.
2. Economic Feasibility Results
Cost Analysis
. Initial Capital Cost:
o VAWTS: The low-cost VAWT prototypes (100W) had an initial cost of %15,000-%320,000 per
unit, mainly due to the use of PVC pipes and recycled materials.
o HAWTS: The 1kW HAWT prototypes were more expensive, costing ¥40,000-%50,000 per unit
due to the complexity of the design, stronger materials (steel, aluminum), and higher power output.
. Operational Costs:
o Maintenance and repair costs were relatively low for both turbine types, with annual costs
around %1,000-2,500 for replacement parts (e.g., bearings, wires).
o The lifetime of the turbines was estimated at around 10-15 years, depending on the quality of
materials and maintenance.
Economic Viability

. Levelized Cost of Energy (LCOE):
o The LCOE for small air turbines in rural India was calculated to be between 3612 per kWh,
depending on the system size, air resource, and location.
o In high-air regions (Gujarat, Tamil Nadu), small turbines could compete with solar power
(LCOE: %4-X7 per kWh) and diesel generators (318325 per kWh).
o In low-air regions, the LCOE of air turbines was higher, making them less economically viable
without hybrid solar integration or government subsidies.

. Payback Period:
o For high-air areas, the payback period of small turbines ranged between 2-4 years for VAWTS
and 3-5 years for HAWTSs.
o In low-air regions, the payback period extended to 5-7 years, which could be a challenge

without external financial support.
Subsidies and Government Schemes
. The Indian government's MNRE subsidies (up to 30% of the project cost) helped lower the initial
capital cost, especially in rural areas. This support significantly improved the economic attractiveness of small
air turbine systems.
3. Social Impact and Community Benefits
Energy Access and Rural Development

. Small air turbines significantly improved energy access in off-grid and rural communities. In pilot
locations, turbines provided reliable power to schools, health centers, and community centers.
. The reliable electricity enabled improved education (better lighting for night studies) and healthcare

services (reliable refrigeration for vaccines).
Job Creation and Skill Development

. The deployment of small turbines created local employment opportunities in turbine assembly,
installation, and maintenance.
. Training programs for local technicians were initiated in collaboration with community-based

organizations. Over 50 people were trained to install and maintain small air turbines in the test areas.

Public Perception
. Surveys showed that local communities were generally positive about the use of renewable energy
technologies. However, awareness about the benefits of air energy was low, particularly in remote areas,
necessitating awareness campaigns.
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4. Challenges and Discussion

Challenges
. Intermittency: Air energy generation remained intermittent, especially in low-air areas, limiting the
utility of air turbines without hybridization (e.g., combining air and solar).
. Initial Cost: While the cost of small-scale turbines was relatively low, the upfront capital investment
remained a significant barrier for many rural households without access to financing or subsidies.
. Maintenance and Spare Parts: While maintenance was low, there were occasional difficulties in

sourcing spare parts locally, which could lead to downtime if not properly stocked.

Opportunities
. Hybrid Systems: Combining small air turbines with solar PV systems increased overall energy
reliability and reduced the overall cost of power generation.
. Local Manufacturing: There is significant potential for local manufacturing of turbines and components,
which could reduce costs, create jobs, and stimulate the local economy.
. Government Support: With the right policy framework and subsidies, small-scale air power can become
a key player in India’s renewable energy landscape, especially for rural electrification.
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