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ABSTRACT

This paper presents the main problems found in photovoltaic systems in the Amazon Region and the actions to be per-
formed for restructuring and correcting the operation of such systems. These problems and solutions are exemplified on
the basis of the diagnosis and revitalization of the 2.5-kWp photovoltaic installation that belongs to the central module
of the Uacari Floating Lodging House. The paper was accomplished as part of the agreement between the Group of Studies
and Development of Energy Alternatives (GEDAE) and the Mamirauá Institute of Sustainable Development to assess sev-
eral photovoltaic facilities in the area covered by the institute. Concluding the paper, some operational results of the revi-
talized system are presented. Copyright © 2011 John Wiley & Sons, Ltd.
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1. INTRODUCTION

An autonomous solar photovoltaic (PV) system is an alter-
native of energy generation using a renewable source, ca-
pable to contribute substantially to supply and sustain
electric power demand in locations distant from the con-
ventional electric power grid. Brazil can benefit more from
this kind of generation because the solar resource is avail-
able all over the national territory, particularly in potential
applications in the northern and northeastern regions, pro-
moting socioeconomic development and minimizing eco-
nomic and environmental problems caused by the use of
the fossil fuels [1].

The Amazon Region is an isolated area where the sup-
ply of electricity via conventional grid is complicated and
sometimes impracticable. The main difficulties observed
are the huge distance between generation and consump-
tion, the high number of isolated consumers and the char-
acteristics of the forest, filled with rivers and dense
vegetation. Therefore, solar PV systems are an excellent
Copyright © 2011 John Wiley & Sons, Ltd.
alternative to guarantee electric energy to small communi-
ties and isolated users for a series of applications such as
lighting, communications (TV, radio), entertainment
(DVD, sound systems) and refrigeration.

In spite that solar PV is an interesting technically re-
liable alternative source of energy for loads isolated
from the conventional electric grid, it is noticed that
many systems do not work in an appropriate manner,
and in some situations, they are totally discredited by
the users. This situation is a consequence of several fac-
tors, such as bad sizing, lack of minimum necessary
maintenance, installation and operational errors and
not enough involvement and training of those responsi-
ble for the system.

For appropriate functioning of the system, it is also im-
portant to pay attention to the protection levels of charging
and discharging of the battery bank and to choose appro-
priate appliances [2,3].

Considering this context, this paper presents the revital-
ization process of an autonomous PV system and identifies
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the sources that often lead to inadequate operation. The
revitalization is a result of the agreement signed by the
Instituto de Desenvolvimento Sustentável Mamirauá
(Mamirauá Institute of Sustainable Development)—
IDSM—and the Grupo de Estudos e Desenvolvimento de
Alternativas Energéticas (Group of Studies and Develop-
ment of Energy Alternatives)—GEDAE—of Universidade
Federal do Pará (Federal University of Pará)—UFPA.
Among the partnership objectives between IDSM and
GEDAE, there are the development of projects using re-
newable energies and the training of personnel.

On the basis of a detailed diagnosis, it was possible to
identify crucial errors, leading to the restoration of the en-
tire system, including good sizing and standardized electric
installation, user training, system monitoring and continu-
ous training, which are important to enhance knowledge
about the necessary actions for the effective functioning
of the system. The continuous training was conducted dur-
ing regular visits to monitor and inspect the system and
was given to all people involved with the system (IDSM
and Uacari Floating Lodging House’s employees).

As contribution, the paper shows the mistakes made in
the past, the corrective actions of the new installation and
3 years of operational results of the revitalized system.
There are few papers that provide information about field
installation and long-term operation of PV autonomous
systems. Usually papers concentrate on performance anal-
ysis of a year of operation, component failure statistics, op-
erating conditions of components and economic viability
[4–8].

In this paper, monitoring the maximum and minimum
voltage of the battery bank was held for 3 years, allowing
identifying the main events during the system operation.
2. THE UACARI FLOATING LODGING
HOUSE

The Uacari Floating Lodging House is a group of seven
wooden floating houses covered with straw, built on top
of floating wooden logs on the river. All the buildings are
linked by floating catwalks. The lodging house was
designed to cause minimum environmental impact with
the installation of appropriate technologies, such as the
use of rain water, solar energy for electricity generation
and water heating and filtering system for waste. This pa-
per only deals with the PV system of the central module
of the lodging house, indicated in Figure 1.

The Uacari Lodging House is linked to the Program for
Tourism with Community Base of Mamirauá Institute. Its
planning and development were accomplished during the
last 10 years by the local communities and researchers
and technicians of the institute. The Uacari Lodging House
was created to offer leisure services and lodging for eco-
tourists that possess great interest in knowing the Amazon
Region and contributing to its conservation.

The lodging house is part of a pioneer project for
biodiversity conservation in Brazil, the IDSM. Its main
objectives are to generate income for the local communi-
ties, to strengthen the organization and community training
and to create incentives for these communities to promote
the conservation and the sustainable handling of local nat-
ural resources. The Uacari Lodging House locally gener-
ates income by selling local products and services and
dividing its profits among seven local communities com-
prising the community system—they invest part of the
profits in community development projects for improve-
ment of quality of life and protection of the area against
illegal exploitation of its natural resources. Besides, the
lodging supports the local research projects that supply
scientific subsidies for the conservation of the natural
area [9].

In 2003, the Uacari Lodging House was recognized as
the Condé Nast Traveler Magazine’s “best ecotourism
destination of the planet” and also received the Smithsonian
Magazine’s prize for sustainable tourism in the conservation
category. The Reserva de Desenvolvimento Sustentável
Mamirauá (Mamirauá Reserve of Sustainable Development)
was the first unit of conservation of this category
implemented in Brazil, and it is located on the confluence
of the Solimões and Japurá Rivers, as shown in Figure 2.
The city of Tefé, in the State of Amazonas, is the entrance
gate to the reserve due to its proximity. Annually, the level
of the water oscillates between 10 and 12m due to the
seasonal changes in rainfall and thawing of the Andean
snowpack, resulting in significant variations in the orienta-
tion of the houses.
3. DIAGNOSIS OF THE
PHOTOVOLTAIC SYSTEM

Before any action related to the revitalization phase of the
system, a detailed diagnosis of the existent facilities in the
central module of the Uacari Floating Lodging House was
performed. The diagnosis consisted of field activities
where information was obtained by interviews, surveys,
pictures and measurements of electric parameters of the ac-
tual conditions in the field facilities. In this topic, the
obtained results are presented.
3.1. Survey of the equipment of the
installation

As a preliminary result, there is the survey of the main
equipment that constitutes the electric production (PV ar-
ray) and consumption system of the central block of the
lodging. Table I presents all the surveyed equipment, as
well as some information supplied by the employees of
the lodging that, with the installed power at the place,
made it possible to obtain an estimate of the daily average
electric energy consumption in kilowatt-hour.

The total PV array capacity is 3000Wp and is distrib-
uted amongst three sizes of modules: 125, 75 and 50Wp.
Considering only the main portion corresponding to the
Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
DOI: 10.1002/pip



Figure 1. Aerial view of the Uacari Floating Lodging House.
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20 modules of 125Wp (because the other modules may be
relocated to other facilities in the lodging), we can estimate
the energy production of the autonomous PV system pre-
sented in this work. According to the information shown
in Table I, the production capacity of the main PV array
(8000Wh) is compatible with the estimated consumption
of the ecolodge (7287Wh), which leads to the conclusion
that there would not be any need of additional expenses
for acquisition of PV panels. It is worth pointing out that
despite that the estimated consumption originally included
a freezer, a mixer and a blender, these appliances were not
supplied with electricity from the original PV system due
to technical problems that will be presented later.

Concerning the storage capacity of the battery bank
(6480Wh), we note that, for a discharge depth of 20%, it
would need an additional two batteries of 150Ah capacity
to assist the estimated daily consumption of the ecolodge
Figure 2. Location of the Mamirauá Reserve w
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(7287Wh), which leads to a small increment in autonomy
from 2.2 to 2.5 days, approximately.

3.2. Main problems found

On the basis of the inspection of the main components that
constitute the electric energy production and consumption
system, it was possible to identify several aspects that
explained the inadequate operation of the original PV sys-
tem. Some of the main problems found are presented in the
succeeding questions.

3.2.1. Photovoltaic array.
One of the first identified problems was the installation of
the PV modules in a place of difficult access (the rooftop
of the central module of the lodge), which made the main-
tenance of the array impractical (periodic cleaning of the
here the Uacari Lodging house is sited [9].



Table I. Equipment of the electric system (production and consumption).

Photovoltaic (PV) system

Equipment Quantity Power or capacity Total Estimated daily useful energy (Wh)

PV module 20 125Wp 2500Wp 8000a

PV module 4 75Wp 300Wp
PV module 4 50Wp 200 Wp
Battery 18 150Ah 32400Wh 6480b

Installed load
Equipment Quantity Power (W) Use (h) Estimated consumption (Wh)
TV 2900 1 100 4 400
DVD 1 20 2 40
Microsystem 1 20 1 20
Fan 4 138 4 2208
Blender 1 300 1/4 75
Beater 1 175 1/4 44
Freezer 1 290 8 2320
Lamps 34 20 5 1700c

Computer 1 120 4 480
Total estimated daily consumption (Wh) 7287
Total installed power (W) 2257
aFour hours of full sun were considered in this calculation besides the losses due to the battery bank and the inverter.
bValue obtained considering 20% of discharge depth of the battery bank, in order to extend its life cycle. For a maximum discharge depth of 50%, value

obtained only in cloudy days, 16 200Wh would be extracted from the batteries, what represents 2.2 days of autonomy considering the estimated

consumption.
cA coincidence factor of 50% was used.
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modules, elimination of bad contacts, etc.). The only way
to access the photovoltaic modules was by climbing the
straw rooftop, which makes the maintenance a difficult
and dangerous process.

Besides the difficulty of access, other factors that con-
tributed to system failure were modules of different capac-
ities connected in the same PV array, compromising the
efficiency of modules of greater power; inadequate connec-
tions between the modules; and cables exposed to ultravi-
olet radiation and rudimentary mounting of the modules
on the structure with wires and electric cables.

3.2.2. Battery bank.
Another aspect as important as the mistakes previously
presented is the electrical configuration of the system.
Working with a voltage of 12VDC, which is inadequate
for the load, it operated with high currents on the direct
current (DC) side, which made necessary the use of cables
with a diameter bigger than those found in the connection
cables between the battery bank and the inverter (which
caused voltage drop). Besides, the installation wiring was
chaotic.

3.2.3. Distribution system.
Some of the loads in the central module of the lodging
were supplied with DC (illumination), whereas others
were alternating current (AC). A confusing and unstan-
dardized distribution system was uncovered. As the
number of loads supplied with DC was greater than
the ones supplied with AC, the maintenance process
was made unnecessarily difficult by the availability
and cost of the necessary electronic reactors/inverters
for the illumination system.
4. RESTRUCTURATION OF THE
AUTONOMOUS PHOTOVOLTAIC
SYSTEM

All the remedial activities performed to revitalize the au-
tonomous PV system and the electric facilities of the cen-
tral module of the floating lodge house were based on the
diagnosis presented previously, while respecting the eco-
nomical restrictions without compromising the reliability,
and in such a way as to minimize the impact on both
employees’ and tourists’ daily activities. In order to do
so, all the remedies that did not require alterations of the
battery bank were performed because it was still being
used. All stages of the revitalization were accomplished us-
ing labor and materials existing in the region as much as
possible. Details of the configuration and several stages
of the restructuring of the PV system are presented in the
succeeding sections.
4.1. Development of the junction boxes

The confection of the boxes for power conditioning equip-
ment, connections and positive and negative busses pre-
ceded the reconfiguration of the batteries and PV array.
Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
DOI: 10.1002/pip



Figure 3. New position of the photovoltaic (PV) modules.
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The main purpose of the boxes is to provide ease of instal-
lation and maintenance of the system.

The next step consisted of assembling them in the board
already installed in the attic of the central module, in such a
way as to facilitate the process of interconnecting the
various parts composing the production and consumption
of the electric energy system.
Figure 4. Schematic dia

Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
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4.2. Assembly of the PV generators

After assembling the boxes containing the power condi-
tioning panel and with the objective of accomplishing the
maximum number of remedies without interfering with
the users of the central module daily life, the stage of
assembling the PV modules was initialized.
gram of the strings.



Figure 5. Configuration of the battery bank.
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One of the problems already shown with the PV array
was the difficulty in accessing the modules. For this prob-
lem to be solved, the array was moved to the front part of
Figure 6. Details of the battery bank and the board with the equipme
the roof, and it was fixed on a metallic structure, making it
easier to install and clean the modules. Figure 3 illustrates
the new position adopted for the photovoltaic modules, as
nt for power conditioning (a) before and (b) after the restoration.

Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
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Figure 7. Single wire scheme of the system.
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well as the location of the necessary access for their instal-
lation and maintenance.

It is worth to note that to accomplish this feat, it was
necessary to construct a stairway that made it possible
to access the place where the modules were installed
through an opening in the roof, also facilitating future
maintenance.

The PV modules were installed on the roof with an
inclination of approximately 17� and facing the
Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
DOI: 10.1002/pip
geographical north with a variation of the azimuth an-
gle between �20� due to the rotation of the ecolodge
during drought and flood periods, giving a peculiar
characteristic to the system. The electric connections
between the modules were accomplished in such a
way as to obtain two strings with 1250Wp each. Each
string is connected to the battery bank through a 40-A
charger controller. The diagram in Figure 4 presents
more details of the configuration of the strings.



Figure 8. Schematic diagram of the inverters and the distribution boards supplying the circuits 1 and 2.
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4.3. Assembly of the battery bank

The adoption of a new electrical configuration for the PV
system consisted of changing the system voltage from 12
to 24VDC, shortening the distance between the battery
bank and the inverter and resizing the cables. Figure 5
illustrates the configuration of the new bank, with the in-
clusion of four DC busses, two positive and two negative,
Figure 9. Schematic diagram of the inverters and the
to facilitate the implementation, operation and mainte-
nance of the system.

With the PV array strings already installed, the process
of assembling the battery bank was carried out in parts in
order not to interrupt the supply of the few light points
powered by the batteries in the new 24-V configuration.
Two batteries were added to the 18 batteries already
existing, composing a bank with 20 batteries in order to
distribution boards supplying the circuits 3 and 4.

Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
DOI: 10.1002/pip



Figure 10. Grounding system installation.
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guarantee a daily depth of discharge of 20%, prolonging
their useful life. Figure 6 shows the battery bank already
installed and above it the boxes containing the busses,
inverters and controllers.

4.4. Electrical installation of the Uacari
Lodging House central module

This stage consisted in remodeling the distribution circuits,
making them simpler and standardized. The circuits were
divided into four groups, each one supplied by a 1500-VA
inverter, as shown in Figures 7–9. The adoption of four
inverters is based on the improvement of system reliability
and on their best cost/benefit ratio at the time of their
acquisition. The electrical installation was design to operate
with an inverter for each circuit or an inverter supplying two
circuits at the same time, depending on the local needs
(leaving the other on “stand by”) or possible inverter
failure.

Besides restructuring the general distribution electrical
boxes, energy meters were also installed to allow energy
consumption monitoring. A better analysis of the possible
consumption increase and a comparison with the estimated
consumption are presented in Table I.

In addition to the energy meters, a digital voltmeter was
installed in the upper floor of the central module of the
floating lodge house, providing the visualization of the
voltage of the battery bank, making it possible for the users
to make a more optimal use of the electricity production
Figure 11. Training of the employees of the Uacari Lodging House: pr
kits.
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and storage systems and, consequently, optimize the elec-
tric energy consumption.

Regarding the loads, the main modification was in the
illumination system. Measures were taken to increase lu-
minous efficiency and to make the installation and mainte-
nance easier. In order to do it, the distance between the
lamps and the floor was reduced and compact fluorescent
lamps were used, resulting in a quite simple, economical
and efficient solution. Previously, the DC lamps used gen-
erated constant problems due to the necessity of maintain-
ing individual inverters and the difficulty of finding these
in the local area or even in other Brazilian states.

With all the loads being supplied with AC by well-
dimensioned inverters, it was also possible to supply a
freezer, a mixer and a blender. Formerly, these loads were
supplied by a diesel generator set because the inverter in-
stalled in the old system, besides presenting modified
square-wave form, it did not have enough surge power.

4.5. Grounding

For conclusion of the electrical installation stage, a ground-
ing system, formerly inexistent, was developed. The ques-
tion was how to make a grounding system in a building
floating on the water. In a grounding system, the most im-
portant aspects are the mesh geometry and the ground
properties around the mesh. On the basis of this point of
view, it was considered that the masses of the soaked
wooden logs could work as an alternative way for
actical classes using the photovoltaic systems operation didactic



Figure 12. Monthly and daily consumption of electricity in the central module of the Uacari Floating Lodging House.
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undesirable discharges. A grounding mesh, composed of
grounding electrodes linked by non-isolated copper cable
fixed in the wooden buoys and distributed in such a way
as to involve the whole floating house, was made. Figure 10
shows the installation details of the grounding system.
5. TRAINING COURSE IN THE
UACARI LODGING HOUSE

After revitalizing the autonomous PV system, which now
supplies the central module of the Uacari Lodging House,
it was time for the training process of the users of the eco-
lodge house, which began during the system installation
and, because of the monitoring of the system, continues
until now. At each visit, some aspects of the system are
reinforced to consolidate the knowledge.

A training course was instituted for 11 employees, with
the purpose of transmitting the necessary basic knowledge
for the new PV system operation. All proposed activities at
the training were executed in the central module, with both
theoretical and practical phases. During the theoretical
phase, didactic materials available at the lodging house
were used, such as multimedia projector, DVD, TV, and
so on, whereas in the practical phase, two didactic kits
Figure 13. Maximum and minimum averag
were used (Figure 11), which simulate the real system op-
eration, facilitating the understanding of the presented
concepts.

The division of the training in two phases facilitated the
understanding of the operational principles of the ecolodge
house PV-powered system. Later, the practical part was
concluded with the employees operating the system. Also,
the preventive maintenance procedures were reviewed, and
different failure situations were simulated for the employ-
ees to present the diagnosis and the solution of problems
at several points of the PV system.
6. OPERATIONAL RESULTS

Figure 12 illustrates the consumption data for first year be-
cause the system revitalization, where a consumption smaller
than the one estimated in Table I can be verified, which
demonstrates the importance of the training process, battery
bank voltage monitoring and understanding of electric en-
ergy rational use. These parameters allowed to confirm that
the system has the capacity of supplying more appliances,
which permitted the lodge employees to acquire another
freezer, eliminating the expenses with ice, that translated to
a monthly cost between $US302.19 and $US483.50
e monthly voltages of the battery bank.

Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
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Figure 14. Discharge curve of an automotive battery indicating the voltage for some states of charge (SOCs) [11].
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(conversion from real to dollar using the exchange rate
$US1.00=R$1.6546 in 29 March 2011). The sudden in-
crease in consumption observed inMonth 12 is due to the in-
stallation of that appliance, and the variation throughout the
year is due to the seasonality of tourists visiting the lodge. Pe-
riodic monitoring in subsequent years indicated an average
daily consumption between 5.0 and 7.0 kWh.

During the first year of operation, there was no registra-
tion of system failure and credibility in the solar PV energy
system, once inexistent, had been recovered, according to
the employees’ reports.

Analyzing the data from the charge controller
concerning overcharge and deep discharge protection
(Figure 13), it is observed that it is difficult for the battery
bank to reach full charge, because the maximum average
voltage remained, in most months, below the 28.2-V voltage
limit for the PV array disconnection for pulse width modula-
tion controllers (2.35V/element) [10,11].

Still from Figure 13, it is possible to identify the months
prior to the third anniversary of the original battery bank
(until January 2009), when the voltage trip was significant
and the minimum average voltage was low; the month
when the batteries were replaced (February 2009), when
the difference between minimum and maximum decreased
and the minimum voltage was higher; and the months
when one of the charger controllers failed and half of the
PV array remained disconnected (June 2009 and July
2009), leading to lower state of charge (SOC) and its sub-
sequent restoration (August 2009).

The battery bank was designed for a depth of discharge
of 20% (SOC= 80%), and 18 from the 20 batteries have al-
ready been operating for about 1.5 years. From Figure 14,
it can be inferred that for a 24-V (2� 12V) battery bank,
the corresponding voltage for a depth of discharge of
20% is 24.4V (2� 12.2V). It is noticed, from Figure 13,
that the battery bank was submitted to average monthly
discharges, in the most of the monitoring period, of almost
20% (battery bank voltage close to 24.4V). However, in
spite of the fact that the monthly averages lead to voltages
close to 24.4V, occurrences of deep discharges were regis-
tered with frequency, as shown in Figure 15a–d.

Because at high power the inverter could request cur-
rents bigger than the charge controller’s capacity, the
DC–AC inverter was linked directly to the battery bank
Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
DOI: 10.1002/pip
and not to the charge controller, and the load was discon-
nected only when the bank voltage dropped below the in-
verter minimum operation value, which could reach
21.9V depending on the operation condition. This config-
uration was adopted because of difficulty of obtaining
available charger controllers of greater power in the
Brazilian market.

With the data from the last 3 years and 3months of op-
eration (Figures 14 and 15), it is noticed that in the first
months there was no occurrence of deep discharge; only
from the fifth month of operation on, it was verified inter-
ruption indication due to low voltage. The average
monthly values are good indication of the average opera-
tion of the battery bank. However, these values do not re-
flect the number of occurrences of deep discharges,
which can be better visualized in Figure 16a and b, where
the average daily values of the battery bank voltage
remained close to the monthly average.

From the data of Figures 16a and b, it is noticed that the
occurrence of deep discharges was frequent and the mini-
mum average voltage of the battery bank, mainly in the last
week of operation of the first year, indicated that the bat-
tery bank suffered discharges deeper than 20%, which
was due to the charger controllers not controlling the bat-
tery discharge. This leads to a decrease of the bank’s useful
life, requiring changing the controllers. This increase of the
occurrence of deep discharges was due to the increase in
system consumption, which exceeded the consumption
expected, because of the newly installed load (acquisition
of a new freezer) and the occurrence of cloudy days.
7. CONCLUSIONS

Most of the problems related to the solar PV energy system
were due to the use of unqualified workers for its appropri-
ate installation, plus the lack of basic knowledge of those
responsible for the system operation and maintenance. This
paper showed some of the main problems found in many
PV systems dispersed in the Amazon Region by studying
the case of the central module of the Uacari Floating Lodg-
ing House, where it was possible to verify the lack of tech-
nical orientation of the users and operators of the system.
Moreover, we implemented remedial actions for correct



(c) - Average annual data given by the charger controller for the third year of operation.

(d) - Average annual data given by the charger controller for the fourth year of operation.

Figure 15. Average annual data given by the charger controller for the (a) first year, (b) second year, (c) third year and (d) fourth year of
operation. Max, maximum; Min, minimum.

(a) - Average annual data given by the charger controller for the first year of operation.

(b) - Average annual data given by the charger controller for the second year of operation.
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(a) - Average data of the last month and the last week of the first year of operation given 
           by the charger controller.

(b) - Average data of the last month and the last week of the fourth year of operation given
           by the charger controller.

Figure 16. Average data of the last month and the last week of the (a) first year and (b) fourth year of operation given by the charger
controller. Max, maximum; Min, minimum.
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system operation, including installation of an electrical
grounding system for a PV array and electrical supply
service to a facility that literally floats on water and is not
anchored to physical ground.

It was observed that there is the scarcity of scientific
papers on this subject, especially considering systems
installed in the Amazon. This can be explained because
of the difficulty of obtaining data from isolated systems
in the forest, because it is an expensive and prolonged
activity.

With the aid of a digital voltmeter and the explanation
of the importance of monitoring the battery voltage as an
indication of load state, a more appropriate use of the
system by the employees was accomplished, enabling an
operation as optimized as possible concerning demand,
generation and storage.

It is also verified that the use of didactic kits in the train-
ing process enables an understanding of the basic princi-
ples of PV systems operation, reducing the distance
between the users and the technology presented, because
in most cases these people do not have any knowledge of
Prog. Photovolt: Res. Appl. (2011) © 2011 John Wiley & Sons, Ltd.
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the basic concepts of electricity. Besides, the satisfactory
operation of the system for 3 years after its restructuration
can be mainly related to the continuous training of all
people involved with it.

The revitalized PV system operates well, and only one
failure was detected along 3 years (a problem with a charge
controller). It was identified and corrected by a technician
trained on site, who attends other floating buildings with
autonomous PV systems on the Mamirauá Reserve,
performing maintenance and inspection of these systems.

Regarding the consumption of the building, the results
obtained from the monitoring demonstrate the importance
of acquiring more accurate information that helps with the
orientation for an optimized system use. This can be
observed when the system production and storage capac-
ities are compared with the average consumption regis-
tered by the energy meters, where it is noticed that the
system could be better used. This verification gave
support to the residents to acquire another freezer,
because of the great need of this domestic appliance in
the lodging.
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A more precise and complete analysis can be made with
the acquisition of more parameters, such as irradiance,
temperature, DC voltage and current and AC voltage and
current, with an appropriate data logger.

Some procedures, such as the reorientation of the PV
generator to a more adequate position, as well as the in-
crease of battery bank capacity, can improve the system
performance significantly.
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