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Description   
This regional development technical assistance aimed at promoting utilization of indigenous renewable resources to supply 
clean, reliable and affordable electricity to poor communities in remote areas with adequate wind.  It was to explore innovative 
and practical approaches to (i) reduce costs of wind power equipment by transferring appropriate technologies and optimizing 
manufacturing processes; (ii) reshape financing modalities and instruments, and mobilize carbon credits in a pragmatic way; 
(iii) encourage public-private partnerships to stimulate investment and research and development activities for clean and 
renewable energy; (iv) displace combustion of biomass and fossil fuels to reduce greenhouse gas emissions; and (v) improve 
national and village-level capacities for planning, implementing, and maintaining decentralized systems for power generation 
and distribution. 
 
The technical assistance (TA) was processed for approval and originally implemented under the Private Sector Operations 
Department (PSOD).  However, in September 2012, PSOD agreed with the South Asia Department (SARD) to transfer 
implementation of the TA to the South Asia Energy Division (SAEN), to enable completion of the ongoing procurement activities 
in Nepal and initiating implementation in other developing member countries (DMCs) in South Asia.   
 
Expected Impact, Outcome, and Outputs   
The expected impact of the TA was improved economic, environmental, and health conditions of poor rural communities in 
remote windy areas.  The anticipated outcome of the TA was enhanced access to clean, reliable, and affordable electricity in 
poor windy villages currently without electricity by effectively deploying small wind power systems.  The TA supported the 
following outputs: (i) needs assessment for typical windy poor rural communities currently lacking adequate access to 
electricity; (ii) identification and selection of priority locations; (iii) analysis of electricity demand patterns and load management 
requirements; (iv) assessment of wind, solar, and biogas resources and load distribution in selected poor communities; (v) 
technical evaluation and cost reduction exploration; (vi) comparison of different approaches for energy storage and balancing; 
(vii) examination of suitable ways to integrate wind, solar, and biogas resources; (viii) environmental impact assessment on 
uses of conventional balances; (ix) investigation of manufacturing, delivery, and servicing procedures; (x) design of innovative 
financing mechanisms; (xi) assistance in building public-private partnerships and build-own-operate-transfer modality; (xii) 
policy recommendations; (xiii) construction of pilot demonstration projects; and (xiv) dissemination and capacity building 
activities.  
 
Delivery of Inputs and Conduct of Activities  
The original TA paper envisaged implementation of the activities in 4 selected DMCs to be determined during project 
implementation.  At the TA Inception Workshop in March 2010, three South Asian countries (Nepal, Bangladesh and Sri Lanka) 
expressed strong commitment to developing renewable energy for rural electrification and poverty reduction. However, 
considering the geographical spread, letters requesting no objection were sent to the governments of Nepal, Mongolia and the 
Philippines. The government of Nepal provided its concurrence. In July 2010, Mongolia and Philippines indicated their interests 
if the small power systems can be proven to be technically feasible and financially viable. The TA activities were therefore 
initiated only in Nepal.  In October 2012, TA coverage was extended to Bangladesh and Sri Lanka and later in July 2013, 
Maldives and Tajikistan were included.  Implementation of activities in Mongolia and Tajikistan were limited to institutional and 
technical design support.  In September 2013, TA expanded to cover Pakistan to support government’s effort in developing 
renewable energy, particularly distributed small wind power systems in rural areas bringing the total beneficiary DMCs to              
7 (Bangladesh, Maldives, Mongolia, Nepal, Pakistan, Sri Lanka and Tajikistan). 
 
For each pilot project, a team of consultants were recruited to implement the various initiatives under the TA to create a greater 
synergy and linkages between different stakeholders through participation, sharing, and networking which led to easy and 
effective implementation of the project activities.  For each pilot project site, the implementing agency granted the required 
parcel of land for development. The team of consultants together with ADB staff provided support to field surveys and detailed 
feasibility studies (including collection and verification of data and information on resource assessment, engineering 



 
 

configurations, financing plans, operation and maintenance arrangements, financial, economic, environmental, social analysis 
and risk management) of selected project sites. 
 
During implementation, the scope of the TA was expanded to cover development of hybrid renewable energy systems, 
including solar, wind, efficient diesel generator, and energy (battery) storage.  Six pilot projects were implemented in selected 
DMCs (Bangladesh, Maldives, Nepal, Pakistan and Sri Lanka).  
 
Mongolia and Tajikistan: Institutional support in renewable energy policy development and capacity building was provided in 
Mongolia. Several staff from the Ministry of Energy and Department of Policy Planning were trained and support for 
workshops/conferences in developing renewable systems were provided.  In Tajikistan, the consultants engaged under the 
TA supported preparation of bidding documents and reviewed technical and financial evaluation reports for solar installations 
complementing loan project interventions in the country. 
 
Capacity Building Initiatives:  PSOD conducted a number of workshops (Beijing, PRC in March 2010; Nepal in December 
2011; and Jeju Island, Republic of Korea in 2013) and sponsored participation of government officials and utility engineers 
from Sri Lanka, PRC and Nepal in international events/workshops and as resource speakers in Germany and the Philippines.  
SAEN sponsored the participation of government officials and utility engineers in several workshops in Sri Lanka and Maldives 
on mini-grid hybrid renewable energy systems in 2013, and in Malaga, Spain in 2015 on effective approach to hybridization, 
modelling and simulation with HOMER software, and in Maldives in 2016 in installation, connection, system software, 
troubleshooting and operations and maintenance (O&M). 
 
Publication of Knowledge Products: In order to showcase the advantages and feasibility of using solar and wind generated 
electricity in the pilot projects in Bangladesh, Nepal, Maldives, Pakistan and Sri Lanka, SAEN produced three knowledge 
products as follows:  (i) “Improving Lives of Rural Communities Through Developing Small Hybrid Renewable Energy Systems” 
(printed); (ii) “Deployment of Renewable Energy Systems in Minigrids” (printed); and (iii) “Excel-Based Toolkit for Planning 
Hybrid Energy Systems: User Guide” (for web uploading only).1 The publications presented brief descriptions of the pilot 
projects, discussed the lessons learned from these pilot projects, and highlighted the factors for consideration in planning, 
designing, procurement, installation, and O&M of small hybrid renewable energy systems in rural areas and small isolated 
islands.   
 
The TA completion date was extended four times (cumulative extension of 63 months from original completion date) due to the 
following reasons:  (i)  from 30 June 2012 to 31 December 2014 to expand TA activities to an additional country (Pakistan) and 
reassign implementation responsibilities within ADB; (ii) from 31 December 2014 to 31 December 2015 due to expanding TA 
activities; (iii) from 31 December 2015 to 30 September 2016 to enable satisfactory delivery of equipment, finalize installation 
and transfer ownership of pilot hybrid systems to relevant local agencies; and (iv) from 30 September 2016 to 30 September 
2017 to enable satisfactory completion of the remaining TA activities. 
 
All individual consultants were recruited in accordance with ADB’s Procurement Guidelines (2007, as amended from time to 
time).  The original consultants’ inputs of 150 person-months (30 international and 120 national), was later expanded and a 
total of 171 person-months was finally utilized (77 international and 94 national) with minor changes in scope and changes in 
implementation arrangements during TA implementation.  Hence, the actual utilization of consultants’ inputs was more than 
what was anticipated during the processing stage. The terms of reference (TOR) of the consultants were adequate to deliver 
the expected outputs.   
 
Consultants performed their tasks in accordance with the TORs. The extensive experience and expertise of the consultants in 
renewable energy systems, solar, wind, diesel generator, battery storage, and project management and project procurement 
reviews provided efficient and effective implementation towards the achievement of the TA outputs. The consultants’ activities 
were carried out in close coordination with and supervision of the ADB and the implementing agencies in respective countries. 
The overall performance of the international and national consultants was satisfactory. 
 
ADB closely supervised the TA activities and outputs through regular communication and meetings with consultants to assess 
TA progress and resolve implementation issues.  ADB staff actively facilitated TA activities, monitored consultants' outputs and 
provided guidance.  The overall performance of ADB, as the executing agency, was satisfactory. 
 
Evaluation of Outputs and Achievement of Outcome  
The TA mostly achieved the expected outputs efficiently and successfully with the exception of (a) design of innovative financing 
mechanisms; and (b) assistance in building public-private partnerships (PPP) and build-own-operate-transfer (BOOT) modality 
due to lack of technical capacity in rural communities and government energy sector utilities. Further the TA implemented 

                                                      
1  Excel-based toolkit for Planning Hybrid Energy Systems: User Guide https://www.adb.org/projects/documents/reg-

3458-012-dpta. 
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additional activities and achieved more outputs (i.e. publication of 3 knowledge products which showcased the different features 
of the pilot projects, good practices and lessons learned; and expanded TA activities beyond the originally envisaged 4 DMCs). 
 
The installation of solar photovoltaic (PV) and hybrid energy system reduced dependence on the diesel generators and brought 
tangible benefits to local communities, improved their livelihoods, and resulted in lessons learned from implementation of these 
projects.  Details are provided below: 
 
(i) Nepal (Dhaudabi Village):  PSOD initially adopted a sequential implementation approach with a hybrid wind-solar power 

pilot project in Dhaudabi, Nepal.  Due to problems during the implementation, PSOD transferred TA administration to 
SARD/SAEN in September 2012.  The pilot project was successfully completed in May 2014. The agreement on transfer 
of ownership of the project was signed between ADB and Alternative Energy Promotion Center, Nepal on 9 June 2014. 
The pilot project was designed to supply electricity to this remote settlement and to deploy electric lamps to replace the 
kerosene lamps used for lighting. It was also intended to migrate emissions, improve indoor air quality, contribute to better 
health of the residents and to demonstrate the technical viability of small wind energy systems in remote rural areas of 
Nepal.  The TA procured the project hardware2 which was designed to generate a daily average of about 27 kWh and 
support services to help build capacity while the implementing agency coordinated logistics and project implementation. 
However, one of the two 5kW wind turbines had been performing below capacity and went out of service by late 2015. 
The community had not managed to repair the machine due to limited availability of technical skills.  The cost of repair, 
parts and maintenance of the wind turbine was provided later by ADB which the community of the project beneficiaries 
highly appreciated. 

 
(ii) Pakistan (Khushab, Punjab): In September 2013, Pakistan was included in the TA activities.  The bidding process 

conducted in 2014 for the pilot project failed due to high bid price.  In February 2016, re-bidding was approved for pilot 
projects in Khushab, Punjab.  On 22 June 2016, the contract for the design, supply, installation, commissioning and 
operations and maintenance (O&M) was signed and the project was completed in July 2017.  A total of 76 concrete poles 
were installed to carry the power to the target two villages (Dhok Wadgal and Dhok Pheera) and electrified 80 houses, 2 
mosques, and one school.  Streetlights were installed and commissioned. Residents of these villages were trained on 
operating the solar PV-small wind-battery hybrid electric power system.  Residents were happy to receive access to 
electricity and expected to benefit from the improvement in socioeconomic conditions that electricity services could bring 
about. 

 
(iii) Maldives: The first pilot project for Rakheedo Solar-Diesel Hybrid Power Project (solar PV, lithium-ion battery bank and 

diesel generator) was awarded in April 2015.  Installation and commissioning were completed in June 2016.  A similar 
second pilot project in Dhidhoo Island was awarded in October 2015.  Installation and commissioning were completed in 
June 2016. 

 
(a) Rakheedoo Island: The island was previously powered by three diesel generators, had 370 registered inhabitants but 
only about 90 residents lived on a continuous basis.  With the installation of the 29 kWp AC-coupled solar PV, lithium-ion 
battery bank and diesel generators (during the 2-year period between design and commissioning), retail power was 
lowered and the load had changed substantially, tourism on the island was more actively promoted and a hotel was 
opened to serve tourists.  
 
(b) Dhidhoo Island:  The hybrid energy system project was designed to reduce dependence on existing 3 unit of 32 kV 
diesel generators by supplementing them with 45 kWp of solar PV generation and 90 kWp of battery storage. The 
introduction of solar PV array was intended to minimize power from the diesel generators, to reduce average costs of 
electricity generation, and to mitigate emissions. 

 
(iv) Sri Lanka (Eluivaithivu Island): The contract award for the Eluvaithivu Hybrid Power Project (solar PV, small wind, and 

battery storage hybrid system) in Jaffna Peninsula was in June 2015 and the project was completed in June 2016.  The 
island has a small population of 800 inhabitants and was served by aging diesel generator sets of 100 kW and 25 kW that 
were unreliable. The hybrid renewable energy system including small wind, solar PV, diesel generator and lithium-ion 
battery storage was designed to cut down on high-cost production and replace the old inefficient diesel generators. The 
consultant and equipment providers carried out capacity building activities and training of personnel from Ceylon Electricity 
Board (CEB) involved in the project and how to operate and maintain the system. 

 
(v) Bangladesh (Siddhirganj): A contract for the pilot project in Bangladesh (a compact PV-battery storage power plant) in 

Siddhirganj was awarded in August 2015.  Installation and commissioning were completed in March 2016.  This pilot 

                                                      
2 Two 5-kilowatt (kW) wind turbines, 2-kilowatt peak (kWp), AC-coupled solar PV systems, 40 kilowatt per hour (kWh) 

36-battery string, 200 ampere-hour each, 12-volt battery storage system and associated power conditioning 
equipment 



 
 

project demonstrated two innovative approaches to project development: (i) a containerized plug-and-play installation that 
delivers power to a school during the day (the anchor consumer), and (ii) utilizing capacity more efficiently by distributing 
the surplus power to nearby settlements.  The school chosen to host the project is located 25 kilometers southeast of 
Dhaka and experienced constant power outages. The project hardware (the compact photovoltaic-battery storage power 
plant - 36 kWp AC-coupled solar PV and 120 kwh of lead-acid battery storage unit) and technical expertise for design and 
implementation were funded by the TA.  The scope of the project was expanded to supply surplus power to nearby 
residences. 

 
Overall Assessment and Rating 
The TA's overall implementation rating is successful as the TA’s major outputs were achieved.  The project is rated relevant 
considering that it was aligned with the ADB strategy and governments’ development objectives in improving livelihood, 
providing reliable and affordable electricity supply, renewable energy generation, and promoting small-scale tourism.  The 
project is rated effective.  The anticipated outcome of the TA was enhanced access to clean, reliable, and affordable electricity 
in remote rural areas and isolated islands by expanding the TA scope from small wind only to other innovative technologies 
and effectively deploying small wind, solar and hybrid (wind, solar PV and battery storage) renewable energy systems.  The 
six pilot projects in Bangladesh, Maldives (2 pilot projects), Nepal, Pakistan and Sri Lanka were highly appreciated by the 
concerned residents because they improved their living conditions and quality of life (i.e., health care, education, use of power-
consuming gadgets, and home appliances). The TA produced 3 knowledge products that showcased advantages and feasibility 
of using renewable energy technologies and mini grids. The TA is rated efficient.  The extension of the original TA completion 
date for four times accommodated additional scope which maximized the project benefits, a clear sign of project efficiency. The 
project is rated likely sustainable.  During implementation, capacity development of relevant energy sector utilities and 
communities in O&M was instituted through hands-on trainings and seminars. Some designs envisaged use of reclining small 
wind installations that makes it easier to conduct O&M. Also, the renewable systems have reduced cost of electricity supply to 
communities through replacing inefficient and high cost diesel generators in target isolated islands. Where utilities were used 
as the executing agencies (e.g., CEB and AEPC), it was ensured that they have sufficient resources and institutional capacity 
to sustain their projects.  Also, based on experiences from these pilot projects, similar projects are being replicated under 
approved loans in Maldives, Sri Lanka and Bangladesh. 
 
Major Lessons  
Strengthening the capacity of governments and institutional capacity building of relevant energy sector utilities and communities 
in managing distributed rural renewable energy projects through hands-on support in planning installation of the system (wind, 
solar, wind-solar and battery storage hybrid in off-grid and on-grid mode), environmental considerations, procurement, and 
sustainability for operation and maintenance are essential factors for a successful energy systems of this nature. 
 
Recommendations and Follow-Up Actions 
ADB’s further assistance to the governments and their energy utilities to develop institutional capacity to identify and train local 
communities and residents possessing the aptitude and basic skills in managing routine operations, data collection, and proper  
O&M, as well as replicating similar projects at a larger scale, are needed to ensure that impacts of the TA are sustainable. 
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