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Abstract:  Solar Home System based rural electrification has 
seen dramatic progress since the start of the Rural 
Electrification and Renewable Energy Development Project 
(RREDP), which is financed by Infrastructure Development 
Company Limited (IDCOL) since 2003. Recently a technical 
audit was done for the Solar Home Systems. This paper 
illustrates the findings of the technical audit during the field 
visits to four different areas of Bangladesh. The study has 
revealed some technical shortcomings of the SHS packages 
sold in Bangladesh. These include incompatible component 
combinations, faulty installation, lack of quality control of 
component parts and lack of adequate quality standards and 
quality enforcement. The paper also proposes some simple 
solutions to address these issues so that the SHS industry 
will enjoy continued success in Bangladesh. 

1. Introduction 
Any renewable energy solution has to provide satisfaction 
to the end users to become commercially successful in the 
practical world. A major factor affecting customer 
satisfaction is the technical and functional quality of the 
system. Rural electrification through solar home systems 
(SHS) has been a successful venture in Bangladesh, where 
large portions of rural habitations are not connected by 
grid electricity. The rural electrification project under 
study started in 2003, and has since then seen an amazing 
average annual growth of 104% [1] till date. Till June, 
2009 the SHS project has installed over 334,000[1] SHS 
units all over Bangladesh.  

 

 

 

 

 

 

Fig. 1 Operational flow diagram of IDCOL’s Solar Home 
Systems Project.  

 The Solar Home Systems project is run by 
Infrastructure Development Company Limited (IDCOL), a 
financial institution established by the government of 
Bangladesh. IDCOL receives soft term loans and grants 

from donor agencies like the World Bank, Global 
Environment Facility, GTZ and KFW to fund the project. 
IDCOL then uses these funds to distribute SHS units to 
rural households through intermediaries like NGOs and 
Partner organizations (PO). The partner organizations then 
sell the SHS units to the rural households who buy the 
units over a period of three to four years by paying a down 
payment and monthly instalments. After the installation of 
the SHS units partner organizations claim the grants and 
loans from IDCOL to pay for the SHS units purchased 
from approved suppliers and manufacturers of SHS 
equipments and components. The cost to the end user is 
reduced by the grants from donor agencies. 
 Up to July, 2009 the number of installed SHS units by 
partner organizations (PO) are given in table 1[1]. 
Grameen Shakti is the largest PO by number of SHS 
installed. In the following sections, in order to keep the 
names of the partner organizations, manufacturers or 
suppliers confidential, they are named them as A, B, C, D 
etc.  

Table 1 PO wise installed SHS units under IDCOL’s RREDP 
till July, 2009. 

Partner Organization Number of installed SHS 
Grameen Shakti 209,928 

BRAC foundation 48,974 
RSF 32,138 

Srizony Bangladesh 9,194 
UBOMUS 6,956 
BRIDGE 5,183 

COAST trust 3,076 
IDF 3,405 

CMES 2,762 
Shubashati 2,471 

HSFKS 5,441 
TMSS 1,724 
PDBF 1,873 
PMUK 578 
Others 388 
Total 334,091 

 Though there is an amazing success of the project, in 
recent years complains were coming from customers 
regarding the SHS units. Some of the SHS units were not 
functioning properly, there was an increase of faulty SHS 
packages in the market, the component parts were below 
standard and there was an increase in customer 
dissatisfaction with the after sales services. Some of the 
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components part’s standard deviated from the technical 
specifications [2] of SHSs in Bangladesh. Consequently, 
an audit was necessary to address these issues for the 
sustainable growth of the project. The scale of the audit 
was small and was carried out at the level of individual 
households in representative villages of Bangladesh. The 
purpose of the audit was to test the components supplied 
by the manufacturers in operating condition. Some 
components were also sampled from the manufacturers’ 
production line. The service quality of the POs was 
assessed by examining the proper installation and 
maintenance of the SHS systems in households. 60 SHS 
units randomly picked from four geographically 
distributed locations in Bangladesh were thoroughly 
checked. The component parts that could not be examined 
with the field equipment were brought to the laboratory for 
testing. The performance of the charge controllers, lamp 
circuits, batteries and panels were observed and tested. 
Load calculations were conducted and the switching 
device and wiring were also tested.  

 

Fig. 2 Four different geographically distributed locations 
(flagged) of Bangladesh, where the field visits for SHS 
inspection were conducted (Map courtesy: Google maps) 

 Out of 15 partner organizations of IDCOL, the SHSs 
of eight partner organizations were inspected by the audit 
team. The inspected partner organizations and the number 
of their inspected SHS are given in table 2. 

Table 2: Partner Organization wise investigated SHS. 

Partner Organization No. of Inspected SHS 
Grameen Shakti 22 
RSF 15 
Hilful Fuzul S.K.S. 7 
Srijani Bangladesh 5 
BRAC Foundation 4 
UBOMUS 4 
TMSS 2 
BRIDGE 1 
Total 60 

 The audit work was done in a span of eight months 
starting from July, 2009.  The number of visited systems 
according to panel capacity is given in table 3.  
 

 

 

Table 3 Panel capacity wise inspected systems. 

Panel Capacity of the System (Wp) Number of system 
21 1 
30 3 
40 24 
50 22 
60 2 
65 7 
85 1 

Total 60 

 The majority of the SHS systems used in Rural 
Bangladesh have capacities of 40 and 50 Wp. 
Investigated SHS units classed by age are given in fig. 3. 

 
 

Fig. 3 Age wise investigated Solar Home System  
[Total Investigated System: 60] 

 

 2. Solar Panel Tests and Observations 
Orientation and Shading Observation 

As there were no facilities for testing the quality of the 
panels in the field, the orientation of the panels, the 
shading on the panels, the quality of the support structure 
and the open circuit voltage and short circuit currents 
were observed. The optimum orientation and inclination 
of solar panel for harnessing the maximum solar energy in 
Bangladesh is with a tilt angle of 23o facing towards the 
south. During the field visits, out of 60 panels observed, 
only 25 (41.67%) panels were found to be perfectly 
positioned and with no shading. 18 panels were found 
suffering from a shading problem either due to morning 
shading or evening shading or both. The branches of 
nearby trees were generally responsible for the shading. 
43 panels were found south facing with a 23o tilt angle, 14 
panels were found with tilt angle of more than the 
optimum angle, 2 panels were found facing towards the 
west and two panels were found placed horizontally.         

 
 

Fig. 4 Distribution of PV panels according to orientation and 
shading 
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Framing, Junction Box and Support Structure of the 
Panels 

Most of the panels observed were found placed on roof 
tops of the rural house holds. Only a few were found to be 
loosely tied to the mounting structure. Almost half of the 
panels were found to be placed directly on the tin roof, 
which is not recommended. The panels should be placed 
over a metal frame over the tin roof (to avoid the heating 
of the panel). Two panels were found to be placed on a 
bamboo structure which seemed to be a weak structure. 
Almost all the junction boxes were weather proof. One 
panel was found physically damaged by an external 
injury.  

3. Charge Controller Measurements and 
Observations 

Charge controllers Low Voltage Disconnect (LVD) and 
High Voltage Disconnect (HVD) were measured to 
inspect whether they conform to IDCOL’s technical 
specifications or deviate from the specified value 
[Specified values HVD: 14.3±0.2 V and LVD: 11.6±0.1 
V]. Measurements were performed with portable 
equipment. The LED indicators were also tested to check 
if they are operating properly. Out of the 60 charge 
controllers, 24 were found with both the cut off voltages 
within the specified limit. 32 charge controllers were 
found with deviated LVD and 23 charge controllers were 
found with deviated HVD. Two charge controllers’ set 
points could not be measured. It was found that the old 
charge controllers (charge controller which were given 
with the initial SHS packages) had the set points within 
the specified limit, but for new charge controllers the set 
points were found to deviate from the specified limit. 
Some of the partner organizations seemed to have 
changed their LVD intentionally; all of their charge 
controllers’ set points were set at a higher LVD. 

 
 

  
Fig. 5 Standard deviation of LVD and HVD with age of the 
system (in years) 

 The field visit also included the observation of the 
operation of three indicators: Battery indicators, Load out 
indicator and Charging Indicator. It was found that in 
seven systems the load out indicators did not work 
properly. Two charge controller’s charging indicators 
were not working, five charge controllers were found 
without battery status indicators and five charge 
controllers were found with this indicator malfunctioning. 

4.  Lamp and Lamp circuit Observation 
The start time, black spots and illumination of the lamps 
were observed during the inspection. Table 4, shows the 
distribution of start time and black spots. The illumination 
of all observed lamps was white. 

Table 4 Lamp Start Time and Black Spots 

Start Time Black Spots 
Instant Delayed No Black 

Spots 
Acceptable Not 

Acceptable
49 9 24 32 4 

 
 As given in Table 4, the start time or black spot issues 
are insignificant. Mostly the problems of start time and 
black spots are due to the aging of the lamp. It has been 
also noticed that the fluorescent lamps used in all SHS 
units are of 10 watt rating. Lamp circuits limit power to 
the lamp up to 6 watt. As a result, all lamps are running 
with lower power than required. This may be the reason 
for a small number of black spots and a fewer cases of 
delayed start.  

5. Battery Tests and Observations 
The battery nominal voltage, operating environment, 
specific gravity of different cells, level of electrolytes, end 
connections and corrosion at end connections were 
observed.  

Nominal Voltage 

The nominal voltage of each observed battery was 12 volts 
and all the batteries were industrial (deep-cycle) flooded 
lead-acid batteries, i.e. tubular positive plate batteries. 

Specific Gravity Measurement 

The specific gravity of each cell of every observed battery 
visited was measured by a hydrometer. The team noticed 
that the specific gravities of different cells of the same 
battery varied significantly. For this reason, field visit 
reports contain only average specific gravity values. If the 
specific gravity of a cell differs more than 20 (g/l) from 
the average specific gravity of the battery, then in Table 5 
the cell is considered a bad cell. As shown in Table 5, 
47.5% of the observed batteries had inequality of specific 
gravity in different cells. 

Table 5 Batteries with Different Cell Specific Gravity 

Batteries with Different Specific Gravity Total no of 
Batteries 

with 
different SG

Total 
no of 

Batteries
observed

Cell no.  
1 

Cell no. 
2 

Cell no. 
3 

Cell no. 
4 

Cell no. 
5 

Cell no. 
6 

8 10 5 6 8 6 19 40 

Operating Environment Observation 

As shown in Table 6, in most cases the batteries were 
placed in dry and open places and only one battery was 
found to be placed in a wet and moist place. Out of 60 
observed batteries 6 were found placed in a closed area 
where air cannot flow freely.  
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Table 6 Operating Environment of the Batteries 

Operating Environment Air Flow 
Dry Wet Open Cslosed 
59 1 54 6 

Level of Electrolyte and Terminal Quality Observation 

The team tried to observe the level of electrolyte, 
sedimentation, gassing, sulphasion, corrosion in terminal 
and quality of terminal connections in all batteries. As 
battery cases were opaque, the team could not observe 
sulphasion and sedimentation in the batteries properly. 
The team found no significant gassing in any of the 
batteries. In only two occasions bad and broken contacts 
had been seen. Other observation results are given in 
Table 7. 

Table 7: Battery Observations of Levels of Electrolyte and 
Corrosion 

Level of Electrolyte Corrosion in terminal 
Contact 

 
Optimum 

Below 
Lower 
Level 

Above 
Upper 
Level 

 
Yes 

 
No 

48 11 1 8 52 

6. Load Calculation 
Some of the POs are offering overloaded packages. It has 
been also noticed that SHSs installed by the POs are 
normally used with lower capacity panels, higher capacity 
batteries and in some cases they are allowing even higher 
loads. IDCOL’s technical specification does not have any 
recommendations or standards for selection of battery 
capacity, panel capacity and load allocation of a package.  

Table 8 Number of Systems for different Load Range and 
different Panel Capacity 

Connected 
Loads 

21 
Wp 

30 
Wp 

40 
Wp 

50 
Wp 

60 
Wp 

65 
Wp 

85 
Wp 

Systems 
according to 

Loads 
0W-10W        0 
11W-20W 1 2 4     7 
21W-30W   6 2    8 
31W-40W   5 5  1  11 
41W-50W   1 6  1  8 
51W-60W   8 5 2 3 1 19 
61W-70W    4  1  5 
71W-80W      1  1 
systems 
according to 
panel size  

 
1 

 
2 

 
24 

 
22 

 
2 

 
7 

 
1 

 
      59 

Table 9 Number of Systems with Different Battery and      
Panel Capacities 

 21 
Wp 

30 
Wp 

40 
Wp 

50 
Wp 

60 
Wp 

65 
Wp 

85 
Wp 

Systems 
according to 
Battery 

Capacities 
30 Ah 1       1 
47 Ah  3      3 
55 Ah   15     15 
60 Ah   5     5 
71 Ah   3     3 
80 Ah   1 20    21 

100 Ah    2 2 7  11 
130 Ah       1 1 

Systems 
according to 
Panel size 

 
1 

 
3 

 
24 

 
22 

 
2 

 
7 

 
1 

 
            60 

 
Table 9 shows the number of systems with different panel 
capacities and load ranges. From the table 8 it is also seen 

that for the same panel capacity different packages are 
connected with different loads. That means the partner 
organizations are not using unified packages. 
 Table 9 shows the number of systems with battery 
capacities with specific panel capacities. It is seen that for 
the same panel capacity different POs are using batteries 
with different capacities.  

7. Switching Tests 
To determine the quality of switches, contact resistances 
of the switches were measured. Switches with resistances 
more than 0.1 Ω are taken as bad switches. A total of 186 
switches were investigated. Out of them 102 (55%) were 
found good and 84 (45%) switches showed high contact 
resistance.  The team tried to find out whether there was 
any relation between bad switches and the location of the 
SHS, particularly, whether salinity has any effect on 
switching resistance near the coastal area.  From fig. 6, it 
is seen that Galachipa (costal area) and Nalita Bari (non-
costal area) have the lowest bad switches; on the other 
hand Paikgasha, another coastal region has the highest 
percentage of bad switches. So, salinity of the location 
can have some effect on the switching resistance. 

 
Fig. 6 Location wise switch condition [Total number of 
observed switches: 186] 
 
 The age dependence of switches was also tested. It is 
expected that the number of bad switches will increase 
with age. From the distribution of good and bad switches 
according to age (fig. 7) shows that aging has some effect 
on the switches. The replacement of bad switches by 
consumer could not be taken into account.  

 
 
Fig. 7 Age wise switch condition [Total number of observed 
switches: 186] 
 
 The quality of switches provided by the partner 
organizations was also investigated. From fig. 8 it is seen 
that the quality of switch varies with different partner 
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organizations. Only partner organization E provides 
comparatively better switches. Others PO’s switches are 
of low quality and cheap.  

 
Fig. 8 Partner organization wise switch condition 
 
 It is observed that all partner organizations use the AC 
switches for SHS systems in rural areas, which shows 
high voltage drop in contacts. Good quality DC switches 
should be introduced for the SHS applications in rural 
Bangladesh. 

8. Wiring Test and Observations 
The team tested the wiring resistance of all 60 SHSs. 
According to IDCOL’s technical specifications [2] all 
wiring must be sized to keep the line voltage losses to less 
than 3% in each sub-circuit. Accordingly the maximum 
allowable resistance in a wire in an SHS is calculated. 186 
wires and cables were tested for resistance (from charge 
controllers to loads), and out of them 58 (32%) were 
found to be within the limit and 126 (68%) were suffering 
from high wiring resistance (which is responsible for 
higher cable voltage drop). Figure 9 shows the PO wise 
distribution of wiring resistance. As it is seen, the rate of 
high resistance wire used by all POs is quite large. 
 

 
Fig. 9 PO wise distribution of wiring resistance condition 
 
 It is noticed that POs are unable to understand the 
standards set by IDCOL that the voltage drop from 
controller to load needs to be 3% of the total voltage. 
 

9. Conclusions 
During the field visit, the team noticed some major 
problems regarding the SHS systems. The team noticed 
that representatives of POs do not have any angle 
measuring tools. They rely on their intuition and the 
position of screw holes in the supporting structure. Most 
probably the supporting structures are drilled in the 
factory and as a result, PO representatives who install the 

structures on roof tops or on inclined tin shades facing 
various directions cannot set the panels properly. The 
team also noticed that IDCOL has a small number of 
diploma engineers to perform the quality control by field 
visits. They are unable to test some key standards in the 
field due to lack of proper tools and training. The team 
took a look on the technical field visit form of IDCOL 
and found that the form does not cover all aspects of 
IDCOL’s standards. For example, there is no way to 
measure LVD and HVD of a charge controller in the field 
using the equipment that IDCOL provides to their 
technical staff. There is much communication gap among 
IDCOL, the battery manufacturers and the POs. Again it 
is found in IDCOL’s specifications that there are no 
directions on load calculation and battery capacity 
calculation. As a result, POs are designing SHSs with 
higher battery capacities and higher load packages. As the 
panels cannot recharge the battery fully, the battery is 
operated mostly near LVD. IDCOL should provide more 
guidance in their technical specifications and implement a 
mechanism to certify SHS packages through the TSC. 
IDCOL should define a standard for the switches used 
under the SHS project and also define the wiring standard 
in some supplementary document that will guide POs to 
choose proper quality wires for their SHS packages. 
 During the audit the effect of aging of the component 
parts on SHS performance was analyzed. As the project is 
only six years old, no significant effect of aging has been 
seen on the SHS performance. On the other hand it is 
observed that the quality of the component parts has 
become worse. As the market is expanding and the 
competition among the partner organizations is 
increasing, the authors assume that the competition 
inspires the POs to reduce the package price rather than to 
ensure the quality of the component parts. So, low quality 
equipment has been penetrating the market in recent 
years. For the sustainable growth of the project, IDCOL 
should strengthen its activity or devise a program to 
ensure the quality of SHS components. Keeping this in 
mind they should try to establish a strong and well 
equipped RE research lab in Bangladesh.   
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