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Executive Summary
This is the first survey of the measurement WG, with a goal of better understanding attitudes, practices 
and technology choices across the community’s various implementations, regarding the measurement 
procedure and respective techniques on SWT applications. 

The survey questions and report are guided by the measurement WG. This survey report analyzes 
respondents who completed or updated the survey during a five-week window in October and 
November of 2016. 

This survey represents a snapshot of 35 users, constructors and designers of SWT and data loggers, 
who participated voluntarily. Results are intended to provide feedback to the broader community, and 
to provide Wind Empowerment network with better data to make decisions regarding the roadmap and 
feature enhancements. 

When reading the report and statistics, remember that the typical respondent is an informed user or 
someone actively engaged in the Wind Empowerment community.

Introduction
One of the main concerns of the Measurement Working Group as expressed in the Athens 2014 
conference and later was that while all of WE projects include measurement activities (from 
current/voltage levels to environmental parameters, i.e. wind speed/direction, humidity) and remarkable
efforts have already resulted in robust, reliable low - cost loggers, which facilitate and validate the 
organization’s activities, not much work has been done towards the specifications of the data loggers 
employed. It would prove really helpful if input could be gathered from all the participants of this 
survey, regarding the data needed to be measured and stored, the specifications of the majority of the 
applications, the type of the environmental parameters that need to be measured, in a few words specify
what we really need to measure in a typical small wind turbine application. 

Methodology

During the course of identifying the optimal survey structure, it became clear that a lot of prior design
was necessary and many drafts had to be processed, in order to address the contextual and notional
issues encountered. After studying generic surveys’ structure proposed guidelines, a lot of effort was
put to avoid biased questions, something almost inevitable at the first stages of the survey drafts. Many
reviews were needed to minimise the subjective factor present in the structure, language, even grammar
of the questions. Another common issue encountered at various stages of development was the notional
overlapping of many questions, from different sections of the survey, that produced results difficult to
evaluate,  let  alone  to  uniquely  categorize.  After  the  first  complete  draft,  a  lot  of  question  and
(sub)section reorganisation was needed to properly ensure a logical and coherent flow between the
questions. Moreover, the survey needed to be concise and “to the point”, while trying to be easy to
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follow and engage the  participant  until  the  end.  Last  but  not  least,  relations  between some major
questions and the rest of the section’s questions were designed, in order to avoid presenting questions
that are out of context for the participant (e.g. a data logger designer should not need to answer a
question regarding the SWT’s generator design but should answer a question concerning the method
used to measure the AC current  for a SWT installation)

Structure of the Survey
The main survey design issue was the backbone structure of the survey and what questions should be 
asked. The survey has been structured in 4 main sections:

1. Participants profile, that includes general information regarding the participants and their 
involvement to small wind turbines applications. 

2. Current practices, intended to investigate the current practices that participants follow, 
regarding the installation of small wind turbines as well as the specification of data loggers. The
questions are divided into two main subcategories, one concerning the SWT and the other 
regarding data loggers present in SWT installations.

3. Practicality of measurements, which is intended to gather information regarding the way the 
participants perceive the usefulness of measurements.

4. Failure and maintenance, which is intended to gather information regarding the most common 
data logger failures and the respective maintenance services, as well as the possible relations 
between the measured quantities and the fault recognition information that they may provide.
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Participants profile

At which parts of the world are WE users active?
Wind empowerment boasts a thriving global community of users. Among the regions that users are 
active on SWT related activities, the following are represented. 

• Africa 21.43%

• Asia 14.28%

• Europe 39.29%

• North America 3.58%

• South America 21.42%

Drilling down further, we looked at the Countries in which WE users are active. Top countries 
according to the respondents include, UK, Argentina, Cameroon, Peru, Nepal and Greece. 

Profile of the participants with respect to SWT activities.
The responses showed the varied interests and abilities of the user base which are involved 
simultaneously on different applications regarding SWT, seminar organization, construction, design, 
maintenance and installations.  
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The survey respondents showed high technical
skills, 47% of them have designed SWTs, 40% have
designed data-loggers, 40% sells maintenance and
consultancy services while another 40% are seminar
instructors. 

We also compare the number of installed SWT with
regard to the number of installed logging devices,
from the distribution of the next figure. it seems that
more experienced users use more rarely data
logging devices to their installations. 

Breaking out the “other” segment, which represents
13% of responses, installation, Repair/Maintenance,
System Design, Consultancy are the services that
users are involved. Participants that have designed
SWTs have also been involved inthe design of
almost all parts of the SWT. 

It is also worth mentioning that all of the operated SWTs have been constructed by users themselves.
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Current practices

What are the installation practices of the users? 
We ask users - those that have operated SWTs – to share their experience
regarding the installation practices they follow. The selected questions try to
investigate the technical habits that are closely related with the logging of
SWT systems. 

All the following results have been correlated with regard to the number of
operated systems that the respondents are engaged in, which mean that the
responses of the users are weighted proportionally to the number of the systems they operate. In that 
way the percentages presented hereinafter are weighted. 

What percentage of your installed systems are grounded and provide the generators’ 
neutral connection to the user?

Starting from the design of the generator, we ask the number of the systems that provide the generators’
neutral connection to the user. This is related to the way the 3ph power is calculated. 23.91% of the 
installed SWT returns four wires to the and user. We also show that the majority of the installers, 86%, 
are grounding their systems. 

Looking more closely at the responses, while almost all the installers following the practice of 
grounding their systems, when it comes to the construction of the generator, we show that, either you 
are a “neutral connection” guy or not. 
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What is the most commonly used battery bank voltage, if present, at your installations 
[%]? 

Another issue is the voltage level of the installed systems’ battery bank . From our survey it is deduced 
that all typical voltage levels are used, which is reasonable.  The voltage level of the battery bank is 
mostly proportional to the size of the system. Taking into consideration that different sized systems 
exist, then the voltage level distribution gives us an insight at the size of the installed system. 

What is more interesting regarding the scope of this survey, is that only a small percentage, 0.9%, of 
the installed systems are out of the typical battery levels.

What communication infrastructure is most commonly present at your existing 
installations and what percentage of your installations are equipped with logging 
devices?

Looking at the communication infrastructure that is available on the
installed sites, we saw that, about one quarter of the places lacks
any type of the above mentioned infrastructure.  The most
common service present, 47.86%, is the 2G and 3G cellular
telecommunication network, while only a small percentage of
17.86% has access to the internet. 

22.54% of the installations, of those that have operated SWTs,
are equipped with data loggers. It is worth noting that the results
are hand in hand with the results of Participants Profiles section.
This is justified to the extent that the amount of users that operate
or have operated data loggers is comparable with the amount of
users that operate or have operated SWTs. 

What are the most common quantities that you currently
measure?

Finally, we have gathered information regarding the quantities the users both measure and log. A set of 
quantities that can be considered basic for the system according to the
results are: the DC voltage/current and the Wind speed. Additionally,
wind direction, DC power, RPM/Frequency are the second most
commonly measured set of system parameters, with the AC properties and
some meteorological parameters to follow.

Looking into the “other” segment, we see that a rather large percentage of
respondents make use of this choice. Diving more into the details of the
answers, 27% of the responses are RPM and the frequency of the system
monitoring 
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Current practices regarding data loggers specifications.
This set of questions was intended to investigate the practices that the participants follow regarding the 
data loggers present in SWT installations. The questions applied to those that they operate or have 
operated data logger devices and all the following results have been weighted with regard to the 
number of operated data loggers that the respondents are operated.

What data loggers users use, a comparative analysis.

When it comes to the average cost of data loggers the user usually install, most of them seam to choose
mid to low cost data loggers, 66% are in the range of $ 201-400. Nevertheless, there is a 19% which 
select high cost equipment. 

Answers

$ 0-200 $ 201-400 $ 401-600 $ 601-1000 $1001 + 

Percentage (%) 3.19% 65.96% 8.51% 3.19%
19.15%

We also looked at what are the users motives when making decisions regarding purchasing data-
logging products. There is equal distribution among the questions, robustness and maintenance 
(which are close related) are the main concern. The cost comes next with the capabilities following 
afterwards. 

While survey respondents state that their main concern is the robustness of the logger, low to mid range
cost loggers are used to their installations. This is not necessarily contradictory as far as the following 
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are concerned:

• the cost is almost equally counted on the responses 

• some low range loggers are also robust 

• the majority of the installations, as we previously mentioned ,

are probably small and do not justify higher costs for logging
devices. 

What percentage of your data loggers are installed outdoors?

Regarding the placement of the data loggers, the results show that 
50.16% are installed outdoors. Looking into more detail, there is a
large standard deviation on the distribution of the responses (32.33)
with 1st and 3rd quartiles 27.5 and 87.5 respectively. That means that
there are groups of respondents that follow different practices. 

Indeed, demographic differences are behind the statistical variations of the results. South America and 
North Europe respondents perform indoor installations, while South America and Africa respondents 
perform  outdoor installations. 

What type of power supply source do you use for your data logging device?

Batteries are the main power source, while either the battery bank of the system or battery packs are 
used. Some respondents mention that they also use batteries in collaboration with PVs.

 

Answers

AC source Battery bank of the system Batteries Other 

Percentage (%) 7.69% 39.90% 43.75% 8.65%

How do you have access to your logged data and what is the format of your locally 
logged data?

Other important aspects regarding the data loggers, are the format of stored information, the storage 
medium as well as the way the users can access the data. According to the respondents, all selected 
installed devices are equipped with local storage capabilities (SD card, USB) that store the data in 
ASCII format. 62.77% of the devices has GPRS remote capabilities while 50% can be accessed 
through the internet. 

We compared the results with those of the previous section regarding the communication infrastructure 
that is available on users’ sites. While internet connections are much less likely to be present on an 
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installation site comparing to the GPRS, however users seaem to prefer internet infrastructure when 
it is available. 

 

What type of current and voltage sensors do you usually use?

Regarding voltage sensing 73% of users prefer the low cost solution of the voltage division. Coming on
current measurement the closed loop hall effect sensors are most commonly used for both the AC 
and DC side. 
The users seam to prefer the more expensive solution of closed loop sensors rather than the open loop 
solution for the DC or the current transformers for the AC side. An explanation for the DC current 
could be the more comfortable packaging that closed loop hall effect sensors usually have.
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Practicality of measurements
This part of the survey is of great importance, as valuable information regarding the way the 
participants perceive the usefulness of measurements is obtained. All participants are left to answer this
set of questions regardless of the target group they belong (i.e. users, constructors, designers). 

We followed up users’ opinions with, “what would be their need for installing a data logger?”. Far 
from giving them only predefined responses, we let them free to add or
comment out the answers.

“Potential places lies in remote location with difficult access. Technical
expertise absent at site hence the system needs to be monitored remotely to
reduce the logistics cost which is significant mostly in our case.” one
user wrote. 

In a similar vein: “If you have windspeed and production, you can see if
your turbine is working well but even better you can see if your furling system is working well.”

Following the respondents, maintenance and improving the design of the system are the main 
motives behind the gathering of system parameters. Almost half of them consider the historical data
and the academic research as important factors. 

“It's always good to have production. And why not wind speed and direction.” 

“Identify the reasons why a SWT is failing”. On a similar note, another user wrote, “looking a 
degrading performance over time” 
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From your perspective, for SWT systems, what measurements need to be logged?

We asked users to suggest the most valuable parameters of the system that need to be logged. We also 
compare the answers with those of the participant profile section. More or less the parameters  
suggested by the users are the same with those they measure. We can observe some small differences 
regarding the AC side of the system.

 

   Measurement WG user survey 13

AC cu
rre

nt

Reac
tiv

e P
ow

er

2n
d 

win
d 

sp
ee

d

Acti
ve

 P
ow

er

DC C
ur

re
nt

W
in

d 
di

re
cti

on

DC P
ow

er

W
in

d 
sp

ee
d

AC vo
lta

ge

Baro
m

et
ric

 p
re

ss
ure

 

Te
m

per
atu

re

Hum
id

ity

DC V
ol

ta
ge

Non
e

Oth
er

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

18%

0% 0%

9%

73%

36%

27%

64%

18%

0%

18%

0%

82%

9%

27%
33%

7% 7%

27%

67%

53%

47%

80%

33%

7%

27%

13%

73%

0%

13%

Currently measure
Need to be logged



Failures & Maintenance
This part of the survey is intended to gather information regarding the most common data logger 
failures and the respective maintenance services, as well as the possible relations between the measured
quantities and the fault recognition information that may provide. 

The objective of this section is to gather the experience of the people involved with locally 
manufactured small wind turbines.  .

From your experience, what are the most common causes of data logger failures?

We ask those that  operate or have operated data logger devices, regarding the lifespan of their 
equipment as well as the most common failures. The answers vary from 1 to 10 years with 2.89 years 
to be the average lifetime. 

The following graph gives an insight at the most common failures. The defective parts and user’s 
mistakes are at the top of the list, while environmental conditions follow. Users have also identified 
corrosion as the main responsible cause for damage.

Do you perform maintenance services to your data logging devices by yourself?

Among the users, 67% state that sometimes they perform maintenance by themselves while another
22% say that always perform maintenance. 

Looking into the common obstacles that prevents users from performing maintenance services, we 
found the following responses to be equally distributed among the users:
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• Lack of relevant knowledge (29%)

• Difficulties in accessing the site and (28.57%) 

• Person hours they have to spend (28.57%)

From your experience, are the data logger measurements
useful for WT fault recognition?

According to those surveyed, 80% said that from their experience the
data logger measurements are useful for fault recognition. These
results are in accordance with the “practicality of measurements”
section where  the same percentage of users state that the main reason
for installing a data logger is for troubleshooting/maintenance of the
system.  

We further ask those that responded positively, what measurements
are more useful for fault debugging?

What is interesting at these responses can be figured out on the
following graph, where we compare it with the “parameters need to be
measured”. We see that the parameters that are related to fault recognition are almost identical with the 
parameters proposed by the users as important.

   Measurement WG user survey 15

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

33%

0% 0%

8%

67%

25% 25%

75%

33%

0%

17%

0%

75%

0%

17%

Fault debugging

Currently measure

Need to be logged

6.67%

46.67% 33.33%

13.33%

Strongly disagree Disagree

Agree Strongly agree

No answer



From your experience, which are the relations among the measured elements and the 
fault type?

We drove users even further to share their knowledge regarding the fault
recognition practices. More specifically, the questionlooks into the relationship
between specific system parameters and the most common failures of SWT. The
results are presented into the following graph as well as into the  table below.

According to respondents, a rotor bearing defect as well as the blades
wearing, can be associated with the wind speed and the DC current. In the same
way, DC and AC current can be used to diagnose a short circuit on the
generator, while a defective furling is correlated with information from the wind and the DC side of the
system.
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AC current DC Current DC Power Wind speed AC voltage Humidity DC Voltage

Rotor bearings fault 3.45% 0.00% 0.00% 0.00% 15.38% 11.11% 7.14% 30.43% 7.14% 3.45% 11.11% 3.45%

Short-circuits 15.38% 0.00% 0.00% 0.00% 36.36% 3.45% 11.11% 11.11% 11.11% 7.14% 20.00% 0.00%

Furling tail fault 3.45% 0.00% 0.00% 0.00% 15.38% 3.45% 11.11% 36.36% 3.45% 0.00% 15.38% 0.00%

Blades wearing out 3.45% 0.00% 0.00% 0.00% 25.00% 11.11% 7.14% 30.43% 7.14% 3.45% 20.00% 0.00%
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