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Abstract
This thesis evaluates different sites for a weather measurement system and a suitable PVsimulation for University of Surabaya (UBAYA) in Indonesia/Java. The weather station is
able to monitor all common weather phenomena including solar insolation. It is planned
to use the data for scientific and educational purposes in the renewable energy studies.
During evaluation and installation it falls into place that official specifications from global
meteorological organizations could not be meet for some sensors caused by the conditions
of UBAYA campus. After arranging the hardware the weather at the site was monitored
for period of time.
A comparison with different official sources from ground based and satellite bases
measurements showed differences in wind and solar radiation. In some cases the monthly
average solar insolation was deviating 42 % for satellite-based measurements. For the
ground based it was less than 10 %. The average wind speed has a difference of 33 %
compared to a source, which evaluated the wind power in Surabaya. The wind direction
shows instabilities towards east compared with data from local weather station at the
airport.
PSET has the chance to get some investments to investigate photovoltaic on there own
roof. With several simulations a suitable roof direction and the yearly and monthly outputs
are shown. With a 7.7 kWpeak PV installation with the latest crystalline technology on the
market 8.82 MWh/year could be achieved with weather data from 2012. Thin film
technology could increase the value up to 9.13 MWh/year. However, the roofs have
enough area to install PV. Finally the low price of electricity in Indonesia makes it not
worth to feed in the energy into the public grid.

i

Acknowledgment
With the following words I would like to express my gratitude to all people, who were
involved in the process of my research and helped me with my stay in Indonesia.
I would like to thank Dr Elieser for the proposal of the thesis topic to ESES and the
organization of numerous study excursions. It enabled me to do my research at the
University of Surabaya and was a pleasure to attend the trips to Trawas, Pulau Peleng and
other places.
Without the help of my supervisor at SERC, Jon Persson the thesis wouldn’t be possible.
I would like to thank him for the numerous advices for developing the theoretical part and
for the valuable feedbacks about the drafts and concepts.
Also I would like to thank the Linnaeus-Palme program for the subsidies to finance my
travel to Indonesia.
I am also indebted to Mr. Nurul, from PSET, who helped me with setting up and
maintaining the weather station on the roof of pharmacy faculty, and helped me to get the
access to the roof and provide all the additional equipment I need.
It is a pleasure to thank the family of Evan Justin, who helped me with organizing daily
needs and making my stay more than enjoyable. I am also very grateful to my classmate
Evan for showing me around Yogyakarta and introducing into the local traditions.
I would like to thank for the excellent administrative organization of my visa extensions,
accommodation and etc. by the international village. I thank Fensi and Ryza for all the
work they did to make my stay as comfortable as possible.
I would like to thank the numerous people I meet during my stay in Indonesia, who made
this time unforgettable.

ii

Contents
1! Introduction+....................................................................................................................+1!
2! Aims+...................................................................................................................................+2!
3! Conditions+........................................................................................................................+2!
3.1.1! The!center!for!renewable!energy!studies!at!UBAYA!.....................................................!2!
3.1.2! Regulations!for!grid!connected!PV!installations!in!Indonesia!..................................!2!
3.2! Technical!settings!.................................................................................................................................!4!
3.2.1! Weather!station!............................................................................................................................!4!
3.2.1.1! Solar!radiation!sensor!.......................................................................................................!5!
3.2.1.2! Temperature!sensor!..........................................................................................................!5!
3.2.1.3! Moisture!sensor!...................................................................................................................!6!
3.2.1.4! Pressure!sensor!...................................................................................................................!6!
3.2.1.5! Wind!direction!sensor!.......................................................................................................!6!
3.2.1.6! Wind!speed!sensor!.............................................................................................................!6!
3.2.1.7! Rain!sensor!............................................................................................................................!7!
3.2.1.8! Limitations!.............................................................................................................................!7!
3.2.2! Measurement!software!“WeatherLink”!..............................................................................!7!
3.2.2.1! Limitations!.............................................................................................................................!8!
4! Part+I:+Installing+the+Weather+Station+.....................................................................+9!
4.1! Methods!.....................................................................................................................................................!9!
4.1.1! Find!a!suitable!location!.............................................................................................................!9!
4.1.2! Measurement!for!offset!correction!...................................................................................!10!
4.1.3! Set!up!sample!time!for!weather!station!..........................................................................!11!
4.1.4! Wind!assessment!......................................................................................................................!12!
4.1.4.1! Wind!direction!...................................................................................................................!12!
4.1.4.2! Wind!speed!.........................................................................................................................!12!
4.1.5! Solar!assessment!.......................................................................................................................!13!
4.2! Installing!the!weather!station!.......................................................................................................!13!
4.2.1! Investigations!to!the!locations!............................................................................................!13!
4.2.2! Choice!and!installation!...........................................................................................................!15!
4.2.3! Result!..............................................................................................................................................!16!
4.3! First!days!of!measurements!..........................................................................................................!17!
4.3.1! Results!in!Temperature,!Barometric!Pressure!and!Relative!humidity!..............!17!
4.3.2! Discussion!....................................................................................................................................!18!
4.4! Solar!radiation!analyses!according!to!sample!time!.............................................................!18!
4.4.1! Results!............................................................................................................................................!18!
4.4.1.1! CFD!for!Cloudy!and!sunny!day!...................................................................................!19!
4.4.1.2! CFD!for!10!days!.................................................................................................................!19!
4.4.1.3! CFD!for!June!2013!............................................................................................................!20!
4.4.2! Discussion!....................................................................................................................................!20!
4.5! Wind!assessment!for!June!2013!..................................................................................................!21!
4.5.1! Wind!direction!results!............................................................................................................!21!
4.5.2! Wind!speed!results!...................................................................................................................!21!
4.5.3! Discussion!....................................................................................................................................!23!
4.6! Solar!assessment!for!June!and!July!2013!.................................................................................!24!
iii

4.6.1! Results!............................................................................................................................................!24!
4.6.2! Discussion!....................................................................................................................................!26!
4.7! Conclusion!.............................................................................................................................................!27!

5! Part+II:+Simulation+of+an+grid+connected++PV+System+at+UBAYA+campus+...+29!
5.1! Methods!..................................................................................................................................................!29!
5.1.1! Determine!the!roof!direction!with!a!high!yearly!solar!insolation!.......................!29!
5.1.2! PVSyst!project!and!simulation!............................................................................................!30!
5.2! PreXsimulation!of!the!four!main!roof!directions!of!UBAYA!.............................................!30!
5.3! PVSyst!monoXcrystalline!simulation!set!up!............................................................................!31!
5.4! PVSyst!monoXcrystalline!simulation!results!and!discussion!...........................................!33!
5.5! PVSyst!thin!film!simulation!set!up!..............................................................................................!34!
5.6! PVSyst!thin!film!simulation!results!and!discussion!............................................................!35!
5.7! Conclusion!.............................................................................................................................................!35!
6! Final+conclusion+and+future+work+.........................................................................+37!
7! Works+Cited+..................................................................................................................+38!
APPENDICES+........................................................................................................................+41!
A! Wind!directions!with!their!absolute!and!relative!frequencies!..........................................!41!
B! Frequency,!rel.!frequency,!Weibull!and!Rayleigh!distribution!..........................................!42!
C! Daily!measurements!of!solar!insolation!for!June!2013!.........................................................!43!
D! Daily!measurements!of!solar!insolation!for!July!2013!..........................................................!44!
E! NASAXSSE,!SolarGIS!and!METAR!Weather!data!........................................................................!45!

iv

Nomenclature
AASC

American Association of State Climatologists

CFD

Cumulative Frequency Distribution

CFD

Computational Fluid Dynamics

EPA

Environmental Protection Agency

Eppley PSP

Eppley Precision Spectral Pyranometer

FTP

File Transfer Protocol

GLOBE

Global Learning and Observation to Benefit the Environment

GMN

Gerbang Multindo Nusantara (company name)

ISS

Integrated Sensor Suite

JIA

Juanda International Airport

METAR

METeorological Aerodrome Report

MIDC

Measurement and Instrumentation Data Center

N, E, S, W

North, East, South, West

NASA

National Aeronautics and Space Administration

NOAA

National Oceanic and Atmospheric Administration

NREL

National Renewable Energy Laboratory

NTB

Nusa Tenggara Barat

NTT

Nusa Tenggara Timur

PC

Personal Computer

PLN

Perusahaan Listrik Negara – State Electric Company

PSET

Pusat Studi Energi Terbarukan – Institute for renewable energy studies

PV

Photovoltaic

RH

Relative Humidity

SIM

Sensor Interface Module

SolarGIS

Solar Geographic Information System

SPA

Solar position algorithm

SSE

Surface meteorology and Solar Energy

UBAYA

University of Surabaya

USB

Universal Serial Bus

WARR

Surabaya airport code of International Civil Aviation Organization

WMO

World Meteorological Organization
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1 Introduction
“University of Surabaya” (UBAYA) is a university with around 9000 students in the city of
Surabaya. Surabaya is the second largest city in Indonesia and located in northeast of the island
Java. Around 2.8 million people are living in the city (HELDERS, Stefan). The university is
surrounded with industry, residential houses and less developed areas equally. The circa 30
university buildings are situated at an area of around 8.3 ha (figure 1.1). The first buildings were
constructed in 1982. Later the campus was extended gradual until nowadays. The youngest
building is the faculty for pharmacy studies.

Figure 1.1, University of Surabaya campus
The Center for Renewable Energy Studies (PSET) at UBAYA campus engages in the renewable
energy sector. The work of PSET is essential, because in many development countries renewable
technologies need to be introduced to a broad public. The current energy infrastructure of
Indonesia consists mainly of coal, oil and gas. In 2010 the government passes a program named
“Fast Track Program - Phase 2”. It gives a limit to increase the capacity of renewables with
another 10.1 MW. This equates to an investment of around US$ 16bn. The main investments are
planned in hydro and geothermal (TAN, Deyi, 2010).
Photovoltaic (PV) is used partly in Indonesia. The archipelago has an estimated number of
17,508 islands (ASIA-EUROPE MEETING, 2010). Most of them have no connection to the
public grid. Gasoline and diesel generators deliver the electricity. At some island stand-alone PVsystems are used to provide energy. Those systems are sized from one-panel systems with a few
watts up to several kilowatts.
The rough potential of daily solar insolation is 4.5 kWh/m2 in West and 5.1 kWh/m2 in EastIndonesia (SETIAWAN, Dody et al., 2011). These daily values are in the upper third compared
to the rest of the world (LEWIS, Sian and Grimshaw, David J., 2010). Solar energy could
provide a high fraction of energy in Indonesia. Unfortunately there is no experience in gridconnected systems in urban and electrified areas. Experience is needed as soon as possible.
To calculate, simulate and approximate energy outputs of PV installations solar and weather
measurement are needed. Installing own equipment and sensor networks is complex, but it’s
worth for several purposes. The latest data (radiation, temperature, humidity, ...) from external
institutes can be very cost intensive if it is constantly needed. A weather data set for 2012 from a
weather station at Juanda airport costs Rp 2,500,000. It just contains daily temperature, wind
speed, wind direction and solar insulation data. Local measurements show the real behavior. No
interpolated data is needed.
However, the University of Surabaya (UBAYA) wants to provide measurement data for
education and research. It’s planned that students use the data to simulate and arrange their own
PV-system at the campus. Also an own PV installation for studying is an option. At the actual
situation no pre-work is available
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2 Aims
To be able to provide weather data for solar assessment a weather station with solar radiation
sensor is needed. The question is, where are the best conditions at UBAYA campus for an
installation and how to show that the data is reliable?
Other sources of weather and solar data are available from satellite and ground based
measurements. How does this data fit into the results from the own weather station? How can
differences be explained?
Proofing the solar energy potential in a practical way is in interest of UBAYA campus for several
reasons. How could a PV system fit into the campus and how much output could it deliver for a
reasonable size? How can weather station and PV installation be combined?
The aim of this thesis is to investigate these questions in a pragmatic way that will add benefits
and understanding to the people of UBAYA University.

3 Conditions
To understand which circumstances found at the beginning of the thesis work, this chapter gives
an overview about the local situation and the technology that is used.

3.1.1 The center for renewable energy studies at UBAYA
The installation and the measurements will be take place in the Center for Renewable Energy
Studies (PSET). The office is located between the buildings of UBAYA in a cottage. This has to
be the location, where all the data is coming together later. Next figure 3.1 shows the cottage
from inside and outside.

Figure 3.1, Center for Renewable Energy Studies (PSET) at UBAYA, (outside left, inside right)
The center also networks with governmental and non-governmental organizations. A major task
is to inform the public about the renewable sector here in Indonesia (TARIGAN, Elieser, 2012).
A representative webpage is available: Pset.ubaya.ac.id

3.1.2 Regulations for grid connected PV installations in Indonesia
Indonesia has 4.15 MW (2006) installed in PV. Nearly all of the power is installed for rural
electrification (DEVELOPING RENEWABLES, 2006). This circumstance makes it difficult to
gather information about component costs, regulations, feed in tariffs or long-term experience
for grid-connected systems in urban and electrified areas. But there are companies on the
Indonesian market, which offer PV systems. One of them is “PT. Gerbang Multindo Nusantara
Energy Technology & Services” (GMN). An interview (02.05.2013) with Chayun Budiono,
director and owner of the company, gave fundamental information about the actual market
situations in PV in Indonesia. GMN has experience in engineering and in developing small-scale
renewable energy systems since 1994. Energy management is covered as well.
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The main reason for the lack of experience with grid-connected systems is the low price of
electricity with around Rp 750/kWh. Governmental feed-in-tariffs are not concluded yet. Energy
suppliers offer a voluntary payment for electricity produced by PV-plants. GMN made the
experience that a three-phase installation is much more accepted than a single-phase installation.
It might be that there is that is no payment for single phase at all, because of concerns about grid
stability from energy suppliers. To get a certificate for feed into the grid with a PV-system it to
pass different tests from the State Electric Company (PLN).
On the other hand at small islands and isolated areas the price per kWh is higher. It can reach up
to 1 USD/kWh or Rp 10,000/kWh in Papua. The reason is the high costs for transportation of
gasoline and diesel (GIZ GMBH, 2013). The table 3.1 abstracts the electricity cost for different
regions.
Table 3.1, Price of electricity from the grid (GIZ GMBH, 2013)
Location

Electricity costs Rp/kWh

Surabaya

750

North Sumatra

1,100

Kalimantan and Sulawesi

1,700-2,700

NTB, NTT, Maluku, Papua

>2,600

Isolated areas in Papua

Up to 10,000

The feed in tariffs on renewable energy are weighted with pricing factors depending on the
reliability of the grid in the different regions. The payment is also based on the feed in voltage. If
Indonesia’s government would implement an official feed in tariff for PV than it would be
around Rp 2,500/kWh. The table 3.2 gives the unofficial feed in tariffs for 3-phase PV
installations.
Table 3.2, Unofficial feed in tariffs for PV with pricing factor for different regions of Indonesia
Feed in voltage
(3 phase)

Feed In Tariff
(Voluntary payment)

Pricing Factor

Low Voltage 400 V

F x Rp 1,004/kWh

Medium Voltage 20 kV

F x Rp 656/kWh

F = 1 Java & Bali
F = 1.2 Sumatra & Sulawesi
F = 1.3 Kalimantan, NTB, NTT
F = 1.5 Papua & Maluku

Current PV installations (stand alone and hybrid) are using poly or mono crystalline solar cell
technology. There is no experience with thin film technology in Indonesia yet. The prices for
panels are around Rp 20,000/Wpeak. For lager system or orders in higher volumes the price can
decrease to Rp 15,000/Wpeak. The price for inverters is obtained from a model from SMA. A
“Sunny Island” DC AC converter with 2,200 W costs about Rp 30,000,000, which equates
Rp 13,636/W or Rp 14,000/W. It is assumed in this thesis that the price for a grid-connected
inverter is similar. The following table 3.3 centralizes the price information.
Table 3.3, PV component prices in Indonesia
Component

Price: Rp/Wpeak

Panel (crystalline)

15,000 – 20,000

Converter / Inverter

14,000

Cable, transport and installation

15,000
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3.2 Technical settings
3.2.1 Weather station
The main device in this thesis is the semi professional weather station “Vantage PRO2” from
“Davis Instruments”. The Integrated Sensor Suite (ISS) includes different sensors to measure the
actual weather situation.
• Rain collector,
• Temperature sensor,
• Humidity sensor,
• Barometer,
• Wind direction sensor and anemometer
• Radiation sensor (has to be ordered as an extra part)
The manufacture and the type of weather station are selected by PSET. One reason for this unit
is the good cost-benefit. The configuration with sensors is manifold compared to other
semiprofessional stations. A big advantage is the large range wireless transmitter, which
influences the purchase decision. The station sends the data on a license free radio band (868.0 868.6 MHz FHSS). It can span maximum distance of 300 m in the line of sight. The distance
through walls is approximated with 60 to 120 m by the manufacture. (DAVIS INSTRUMENTS,
2011)
All sensors at the station are connected to a Sensor Interface Module (SIM), which collects and
transmits the data. The equipment has to be installed at a single pole like in figure 3.2. A 2.10 m
height tripod with a pole belongs to the station for mounting and fixing on ground.
The receiver (figure 3.2) is connected via USB to a PC to analyze and record the data. A PC is
available at the PSET cottage. The monitor should be placed behind the large windows of the
cottage to show students the actual and the past weather data.

Figure 3.2, Weather Station mounted on tripod (left) and
Vantage Pro2 Console/Receiver (middle) (DAVIS INSTRUMENTS, 2012)
The station is able to sample in seven different time intervals from 1 minute to 120 minutes. If
the PC is turned of the receiver will store the data. The receiver can store up to 2,560 records.
Each Record contains 30 values (date/time, temperature, wind speed, ...). For the 1 minute
interval the receiver can store data for 42 h. The oldest data will be dropped and is lost when it is
not transferred within the time to the PC. If the PC is switched on the software “WeatherLink”
transfers the data automatically. table 3.4 shows the relation between sample interval and record
time.
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Table 3.4, Sample interval and record time of the receiver
Sample Interval (minute)
Record Time

1

5 10 15 30

60

120

42

8 17 26 53 106 213

Hours

Days

3.2.1.1 Solar radiation sensor
The solar radiation sensor (figure 3.3) is one of the sensors with primary interest. It is mounted
near the rain collector. A build in level ensure that the sensor is mounted horizontal.
Furthermore the sensor has a double shell housing to prevent disturbing by thermal radiation.
The air between the shells cools the body via convection. A cutoff ring on the shell improves the
cosine response (DAVIS INSTRUMENTS, 2001).

Figure 3.3, Solar Radiation Sensor (DAVIS INSTRUMENTS, 2012)
It is a cell-based pyranometer with a silicon photodiode. An internal amplifier turns the current
into a voltage with a range of 0 to +2.5 V (DAVIS INSTRUMENTS, 2001). table 3.5 shows the
technical data of the radiation sensor.
Table 3.5, Technical data of the solar radiation sensor (DAVIS INSTRUMENTS, 2011)
Technical data for solar radiation sensor
Resolution and Units
Range
Accuracy

1 W/m2
0 to 1,800 W/m2
5 % of full scale (Reference: Eppley PSP at 1,000 W/m2)

Drift
Cosine Response
Temperature Coefficient
Update Interval
Current Graph Data
Historical Graph Data
Alarm

up to ±2 % per year
±3 % for angle of incidence from 0° to 75°
-0.12 % per °C (-0.067 % per °F)
Reference temperature = 25 °C (77°F)
50 seconds to 1 minute (5 minutes when dark)
Instant Reading and Hourly Average; Daily, Monthly High
Hourly Average, Daily, Monthly Highs
High Threshold from Instant Reading

3.2.1.2 Temperature sensor
The temperature sensor is mounted in the radiation shield below the rain collector cone. A PN
junction silicon diode, which has a temperature depended forward voltage, turns the temperature
into a voltage signal. It is sampled every 10 to 12 seconds. The sensor has a measurement range
from -40° to +60°C. Above -7°C the accuracy it is ±0.5°C. In figure 3.4 the trend of the
5

accuracy over the temperature is shown. With an insolation of 1,040 W/m2 and an average wind
speed of 1m/s the temperature value increases +2°C. This radiation induced error can be
reduced with a fan aspirated radiation Shield to +0.3°C. It can be ordered a separate part
(DAVIS INSTRUMENTS, 2011). The model that is used has a passive radiation shield.

Figure 3.4, Accuracy over temperature trend for Davis temperature sensor
3.2.1.3 Moisture sensor
A film capacitor element measures the relative humidity. The working principle is a thin film
substrate between to electrodes that is changing his dielectric constant with the moisture level.
This change can be measured in the capacity of the element. (ROVETI, Denes, 2001).
The sensor measures from 1 to 100 % RH with an accuracy of ±3 % between 0 and 90 % RH
and ±4 % between 90 and 100 % RH. Each year the sensor can drift ±0.5 % in accuracy. The
update interval is between 50 seconds and 1 minute (DAVIS INSTRUMENTS, 2011).
3.2.1.4 Pressure sensor
A not specified type of sensor measures the barometric pressure in the range of 540 to 1,100
mbar. The overall accuracy is ±1.0 mbar and the update interval is 1 minute or can be forces
with the receiver console (DAVIS INSTRUMENTS, 2011).
3.2.1.5 Wind direction sensor
The wind direction is measured with a wind vane. A potentiometer converts the direction into a
resistance. The resolution is 1° with an accuracy of ±3° in the range of 0 to 360°. With an update
interval between 2.5 and 3 seconds is this one of the fastest sensors at the ISS (DAVIS
INSTRUMENTS, 2011).
3.2.1.6 Wind speed sensor
Wind speed measurement is done with wind cups and a magnetic switch. Each pulse from the
switch equates one round of the shaft. The speed is measured in mph and is converted to other
units like m/s. In the case of m/s the value is rounded up or down to 0.1 m/s. The accuracy is
±1 m/s or ±5 %. The update interval of 2.5 and 3 seconds is equal to the wind direction sensor
(DAVIS INSTRUMENTS, 2011).
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3.2.1.7 Rain sensor
For rainfall measurement a tipping bucket (figure 3.5) is used inside a rain collector cone with an
area of 214 cm2. Each tip equates 0.2 mm of rainfall. A reed relays register each tip and send
pulses to the SIM. The update rate is between 20 and 24 seconds (DAVIS INSTRUMENTS,
2011).

Figure 3.5, Tipping Bucket for rain measurement inside the rain collector
(MÉTÉO HUSSEREN-WESSERLING, 2013)
The accuracy varies with the rain rate shown in table 3.6.
Table 3.6, Accuracy of the Tipping Bucket in the rain collector
Rain Rate

Accuracy

Up to 50 mm/h

±4 % or 0.2 mm

50 mm/h – 100 mm/h

±4 % or 0.25 mm

3.2.1.8 Limitations
The ISS is a semiprofessional weather station. The quality of the unit, which has a price of
around 1,000 US$, is not equal to the quality of high priced professional equipment for
meteorological institutes. It has limitations in hardware, durability and persistence.
Especially for the radiation sensor the manufacture promise a drift in the exactness of ±2 % per
year. He also gives the advice to calibrate it yearly. This can be done only by the manufacture
(DAVIS INSTRUMENTS, 2001).
The rain measurement is inaccurate in the station that is delivered for the PSET. During a test
with a measured amount of water and the horizontal installed station the tipping rocket doesn’t
react like expected. The derivations are larger than the range that calibration offers to improve
values. There might be manufacturing errors. The rain sensor should be replaced.
One of the biggest limitations is, that the sensors cannot be placed far away from each other or
from the SIM because of cable length. Temperature, pressure, humidity, rain and solar radiation
sensor have to be installed together on a pole. There might be influences due to the location.
Each sensor needs its own conditions. The wind sensor has a 12 m long cable to install it on a
rooftop or a higher pool.

3.2.2 Measurement software “WeatherLink”
To record, visualize and export measurements software needed. Davis provides a USB interface
between the Receiver station and a Microsoft Windows PC where “WeatherLink” is installed.
The Software is able to plot weather conditions in real time (figure 3.6, right) and it stores the
data in a manufacture-based file format. Furthermore the software visualizes trends for all values
for different time intervals. Past measurements can be selected and analyzed with a zoom
function (figure 3.6, left).
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An important tool is the Data export. The software exports tab-delimited, NOAA standard and
GLOBE format files manually. The export can be done for daily, monthly or yearly data.
Weather Link provides an automatic upload to FTP servers or local folders too. The setup can
be done via a wizard-tool. An alternative way is a complicated setup process with the receiver
station itself.

Figure 3.6, WeaterLink software, Strip Chart for analyzing measurement data (left)
Bulletin Window for real-time view (right)
Another point is to backup the measurements regularly. WeatherLink save the data into a project
folder on the hard drive. A good solution would be the usage of web based cloud storage, which
is easily available nowadays. The advantage would be an instant backup. The cloud storage is
available worldwide for downloading the data at different locations.
3.2.2.1 Limitations
Analyzing data with WeatherLink is limited especially for solar irradiation. The software provides
sunshine hours calculation for the last 15 days with a manual threshold setup. There are also no
tools for accumulating the solar energy from the sample time based value to daily, monthly or
yearly values. Detailed analyzes have to be done with external mathematical tools. Tab-delimit
file export helps to manage the data. Third party software for the weather station is available as
well but the capabilities are not part of this thesis.
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4 Part I: Installing the Weather Station
Installing the own weather sensors has several advantages.
Actual weather data is always available in real-time.
Full data sets of temperature, wind, solar irradiation, humidity, pressure and other values
are available. Data sets from satellite measurements do not contain wind data often.
• The measurement is done locally and don’t need to be interpolated from other weather
stations or satellite measurements.
• Data from external institutes can be very cost intensive. Especially actual data with a very
high resolution in time and amplitude.
• If date is verified it can be sold to other institutes or research facilities.
This chapter describes the installation of the weather station and verifies the measured data for a
short time of period. It is important to choose the location suitable to the technical
circumstances and compare the final installation with official installation rules. The chapter also
gives suggestions for improvements for the final installation.
In the following part the methods for installation and data analyzing are given. Afterward the
installation is described. It is followed by the results of different measurements, which are
separated in own result and discussion parts. Finally a conclusion summaries part one.
•
•

4.1 Methods
4.1.1 Find a suitable location
To find a suitable location for the weather station several points has to be taken into account.
First hints for installation can found in the “Integrated Sensor Suite Installation Manual”
(DAVIS INSTRUMENTS, 2010). The manual describes what surroundings are to avoid and
which are suitable.
At least 4 suitable locations should be selected by inspection. The conditions at the location and
the needs for the sensors should be categorized in a table. Finally it’s important to demonstrate
the weak points between an optimal and the new installation.
Literature studies, official rules and examples help to find suitable locations. From the beginning
good conditions should be prioritized. For example: To get the best results in solar measurement
shading (far and near) should be avoided when the sun travels from horizon to horizon. The
location near the equator has always-high elevations of the sun.
Literature about installing weather stations can be found in the guidelines from meteorological
organizations like the World Meteorological Organization (WMO), American Association of
State Climatologists (AASC) and United States Environmental Protection Agency (EPA).
Following information’s and the table 4.1 are taken from a guideline from “Campell Scientific”
(CAMPBELL SCIENTIFIC, INC., 2012), which abstract the information from the mentioned
organizations above.
A general rule is to keep a distance of ten times the height of buildings, trees or other obstacles
to the weather station. The place should have a diameter of least 9 m and covered with grass,
which is mowed regularly. A distance of 30 m to pavement areas should be kept as well.
Furthermore following situations should be avoided: large industrial heat sources, rooftops, steep
slopes, sheltered hollows, high vegetation, shaded areas, swamps, areas where snow drifts occur,
low places holding standing water after rains.
Additionally the weather station needs regular maintenance. Cleaning the rain collector or the
radiation shield is important to keep the failure constant and as low as possible. A good
accessibility to the installation has to be guaranteed.
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Table 4.1, Sensor placement guideline for official installations
(CAMPBELL SCIENTIFIC, INC., 2012)

Wind

Temperature and
relative Humidity

Rain

Solar Radiation

•
•
•

Assoc.

Height above the ground

AASC

Recommended: 3.0 m ± 0.1 m
Optional: 2.0 m ± 0.1 m, 10.0 m ± 0.5 m

WMO

10.0 m

EAP

10.0 m

AASC

1.5 m ± 1.0 m

WMO

1.25 to 2.0 m

EAP

2.0 m

AASC

1.0 m ± 1.0 cm

WMO

30.0 cm minimum

EAP

30.0 cm minimum

No objects ≥5° above the horizon
≤ 3 m above ground to give access for cleaning
Horizontal installation

4.1.2 Measurement for offset correction
After installation the data should be compared roughly with an official measurement station
nearby to ensure working. The Reference data can be taken from a weather station at Juanda
International Airport (JIA) around 6.45 km away from UBAYA. The Meteorological Aerodrome
Report (METAR) from JIA can be downloaded for free from a website (AIRPORT, JUANDA
INTERNATIONAL, 2013). The international call sign for this station is “WARR” and the free
date will be marked with it thesis. PSET also bought data from METAR weather station. If there
are offsets found for the values pressure, temperature and humidity they can be corrected via
Weather Link Pro Software.
To get an impression about the weather station a study visit was done on 7th may 2013. All
instruments are installed with WMO standards (see table 4.1). Next figure 4.1 shows the
installation of some sensors at JIA.

Figure 4.1, Wind-speed and –direction sensor on a 10m pole (left), Thermometer in a white weather shelter
(middle), mechanic and electronic pressure sensors (right)
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Compared to UBAYA the landscape around the airport is less urban. This can cause differences
in measurement between the both locations. However, the data should be compared only
roughly for a short time of period because the station should start recording as soon as possible.
A suggestion for the period of time would be around 3 to 5 days.

4.1.3 Set up sample time for weather station
A suitable sample time has to be set up as well. Especially the dynamic behavior of solar
radiation is from interest for future research. That is the reason why the sample time of the
weather station is depended on an investigation of solar insolation. Daily irradiation curves can
be used to visualize loss of information when data is averaged.
To get more information about the dynamic behavior of solar insolation data the method of
cumulative frequency distribution (CFD) can be used. It is described in an investigation of oneminute solar radiation data (GANSLER, R. A. et al., 1995). In this research minute and hour data
are compared with different air masses. The minute data tend to have a bimodal shape with low
airmass in the curve, which point out the cumulated frequency of the clearness index ct.
However, the weather station should be sample as fast as needed to avoid a loss of
information’s. In a sunny cloudless day sampling time can be reduced and during fast cloud
movement it should be increased. The following description explains the handling of datasets
with different sample time to figure out a suitable sample time for UBAYA campus.
The fist step is to calculate the clearness index ct over the day for each sample at a certain
location on earth. It is depended on the change of the measured solar insolation G and the
maximum possible insolation G0 without any disturbance (atmosphere, obstacles, ...).
!! = ! !!

Equation 4.1

Due to fact that the radiation sensor is mounted horizontal the elevation angle α has to be
considered. G0 can be expressed with an external radiation H0 of 1367 W/m2 (DUFFIE, John A.
and Beckman, William A., 2006) for positive elevation angles with following equation.
!! = sin ! ∗ !! !(! > 0°)

Equation 4.2

Elevation angles α can be calculated for different time steps and different locations with the
Solar Position Algorithm (SPA) from MDIC at NREL. For this thesis data is taken via an online
calculator at: http://www.nrel.gov/midc/solpos/spa.html (ALLIANCE FOR SUSTAINABLE
ENERGY, 2013).
The second step is to analyze the frequency of ct in different intervals from 0 to 1 into xi(ct). The
quantity of intervals is n and the index is i. The frequency intervals have to be cumulated to Xi
and Xn.
!

!! =

!! (!! ) !(0 ≤ ! ≤ !)

Equation 4.3

!!!

Each interval Xi is divided by Xn and plotted to a frequency over clearness index (fi(ct)) diagram.
!! (!! ) = !

!!
!(0 ≤ ! ≤ !)
!!

Equation 4.4

Depending on the change in the clearness index and consequently in the solar insolation (short
time shading), the curve has different characteristics. The curve is flat in the beginning with low
ct. With higher insolations during the timescale the curve has a step increase in the beginning. In
the last case the sample time can be slow, because clouds do not shade the sun and the sky is
quite clear. A low trend in the beginning needs faster sampling. It is a hint for dynamic behaviors
like fast cloud movement and less clear sky.
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4.1.4 Wind assessment
After a sample rate is defined and enough measurement values are collected the wind direction
and wind speed can be assessed. The following section introduces to the methods.
4.1.4.1 Wind direction
The first step is to plot the distribution of the wind direction in a wind rose diagram. The wind
direction data is divided into 16 directions with a resolution of 22,5° each from 0 to 337,5°. Each
wind direction in the exported and tab-delimited text file is coded with the official abbreviations
known from the wind rose (N, NNE, NE, ENE, E, ESE, SE, SSE, S, SSW, SW, WSW, W,
WNW, NW, NNW). During still air the sign “--” is used.
To generate a wind rose diagram the frequency of each direction has to be accumulated.
Afterwards the values have to be divided by the total amount of valid wind directions to get
relative values. The relative values can be used for the diagram.
If the installation is done correct the main wind direction should be roughly similar with the
wind direction from weather station at JIA. The meteorological facility at the airport recorded
the wind direction for 19 years until 2010. During the study visit on 7th May 2013 the data was
photographed from posters in their offices (STASIUN METEOROLOGI JUANDA
SURABAYA, 2013).
4.1.4.2 Wind speed
A good statement about the wind conditions at a place can be given with wind speed probability
density functions. The Weibull and Rayleigh-distribution is commonly used for such statistic
analysis (QUASCHNING, Volker, 2011). The results are the shape-factor ! and the scale-factor
! in a Weibull distribution curve. Those factors describe the behavior of wind at a certain place.
A small form-factor ! signifies low winds speeds and a larger value signify higher wind speeds.
The !-factor describes how constant the wind is. A low value stands for constant wind and a
high value for wind with peaks (WEISSER, D., 2003). The Weibull-distribution depended from
the wind speed ! is described with:
! ! !!! ! ! !
Equation 4.5
∙! !
! !
The ! and ! factors can be calculated via the average wind speed ! and the standard derivation !
with following equations.
!!"#$%&& ! =

!=

1
∙
!

1
!=
!−1

! =!

1
!= ∙
!

!
!!!

!
!!!

!
!

!!

Equation 4.6

!! − !

!!.!"#

!
!!!
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!! !

!

!
!

Equation 4.7

Equation 4.8

!
!

Equation 4.9

The Rayleigh distribution curve uses the Weibull equation but with a constant shape factor of 2.
The trend shows the distribution of averaged wind speeds without including the shape factor.
Manufactures of wind energy technology often use the Rayleigh distribution as a standard
performance figure (WEISSER, D., 2003).
The can be compared with an assessment of wind energy potential in Indonesia done by the
department of electrical and information engineering from Tokyo Tolyo University in 2011
(RUMBAYAN Meita and Nagasaka Ken, 2011).

4.1.5 Solar assessment
A solar assessment gives an idea how much energy reached the ground. The weather station
cumulates the solar insolation into solar energy. Depended on the sample time the data is
averaged. It needs to be cumulated over one month for compare with other sources.
Unfortunately the solar energy is given in Langley. One Langley equates around 11.622 Wh/m2.
!!"#$! =

!
!!!

!! ∙ 11.622

!ℎ
!!

Equation 4.10

Three different sources for solar irradiation are available. NASA-SSE and SolarGIS Data, which
are satellite based.
The source for SolarGIS is the pvPlanner homepage (GEOMODEL SOLAR S. R. O., 2013)
where PSET has a subscription. It is an online simulation tool for PV installations. The
subscription contains an area of 100 km x 100 km around Surabaya. The data is mainly satellite
based with an uncertainty for annual global insolation of 2 to 7% (GEOMODEL SOLAR,
2012). It contains weather and insolation data from the past 13 years with a resolution of 90m x
90m sampled every 15 or 30 minutes.
The source for NASA-SSE Data is PVSyst. The PV Simulation tool can import NASA-SSE data
as default values for different locations with a resolution of about 110 km x 110 km.
Ground based data is available for 2012 from weather station at JIA.
Another assessment is the monthly average and daily peak sun hours (PSH). According to the
description of (HONSBERG , Christiana and Bowden, Stuart, 2013) the PSH equates the daily
average insolation in kWh/m2 because the peak solar radiation is defined with 1 kW/m2.

4.2 Installing the weather station
4.2.1 Investigations to the locations
The restrictions in the guidelines are taken into account to choose the most suitable location. A
first inspection of the surroundings of the PSET shows first possible places. All of them are
located on roofs because tall buildings and trees at the campus would cause shading to the
pyranometer and disturb the anemometer and wind vane. A parking lot nearby covered with
asphalt would irritate the temperature sensor. These conditions make places near the ground not
suitable. The locations on the UBAYA campus, which were inspected with the local authorities,
are shown in the next figure 4.2. In total 4 possible places are selected. All locations are in the
range of radio and are in the line of sight with the cottage of PSET.
UBAYA campus has the highest buildings in the surroundings of around 500 m. Surabaya has an
impact rate for Lightning strikes of about 20 to 30 hits per/km2 per year (KING, Hobart, 2012).
It is imperative that lightning protection exits near the weather station to cover it from damage.
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Figure 4.2, Suitable locations at UBAYA campus
All preselected locations have advantages and disadvantages, which are described in the next
table 4.2. Information’s are given about the distance to the receiver station, the height of the
location and its advantages and disadvantages.
Table 4.2, Information about the possible locations for ISS installation
No

Picture

Description

1

Library: Roof South corner
Distance ca.: 50 m Height: 18 m
Advantage:
• Low distance to receiver
• No shading of direct sunlight
Disadvantage:
•
•

2

Wind shadow from north direction
Bad accessibility because of the
installed satellite dish.

Pharmaceutical Faculty:
Roof North corner
Distance ca.: 94 m Height: 20 m
Advantage:
• No shading of direct sunlight
• Very good Accessibility
• Lightning protection nearby
Disadvantage:
•
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Wind shadow from South direction

3

Pharmaceutical Faculty:
Roof of Elevator House
Distance ca.: 112 m Height: 24 m
Advantage:
• Very good panorama view
• Less wind shadings
• Always slightly windy
Disadvantage:
•
•

4

Bad accessibility, no direct ladder or
opening in the roof.
No lightning protection

Technical Faculty: Roof Stair house
Distance ca.: 111 m Height: 16 m
Advantage:
• Very good accessibility
Disadvantage:
•

•

Wind
shadow
and
from
pharmaceutical faculty and economy
faculty
Shading of sunlight during morning
and evening hours

4.2.2 Choice and installation
Finally the choice is fallen on the location 3 because of following reasons. The flat rooftop has
the least influences by building structures around because it is the highest elevation. There is less
wind shading compared with the other three options. The biggest advantage is the panorama
view without any shading for the pyranometer. Unfortunately the bad accessibility has to be
accepted.
The left pictures in figure 4.3 shows the installed station at location 3. The tripod where station is
mounted is fixed with metal screw anchors in the concrete roof of the elevator house to keep it
stable at high wind velocities under storm conditions.
To analyze the behavior of shading a camera is positioned above the diffusor of the
pyranometer. The right photos above shows that the red sun path, which stands for the southern
solstice, does not run behind the pole where the weather station is mounted. In the sun path of
the northern solstice (not shown in the photo) are no obstacle that causes shading. The yellow
and orange sun path represents the equinoxes.
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Figure 4.3, Installed weather station on location 3 (left), sun path view from the radiation sensor
with no danger of shading to from the mounting pole (right)
The anemometer with the wind vane is directed to the south to avoid covering of the rain
collector and pyranometer. It is mounted 2.2 m above the roof. The sensors for temperature,
pressure and humidity are mounted 1.5 m above the roof on the pole of the tripod. The height
of the building is 24 m. To protect the station against lightning strikes a new lightning rod is
installed nearby.

4.2.3 Result
Some rules from headline 4.1.1 cannot be fulfilled because of the installation conditions and the
hardware from Davis Instruments. The table 4.3 gives a summary for each sensor about keeping
the standards of installation.
Table 4.3, Fulfilled specifications of Meteorological Organizations in installation
Height above the ground
Wind

Temperature and
relative Humidity

Rain

2.10 m

1.50 m

1.50 m

Specifications fulfilled
AASC

NOK

WMO

NOK

EAP

NOK

AASC

OK

WMO

OK

EAP

NOK

AASC

NOK

WMO

OK

EAP

OK

Horizontal installation
No objects ≥5° above
OK
Solar Radiation
the horizon
• ≤ 3 m above ground to
give access for cleaning
Because of the small pole it has to be anticipated with turbulence for the wind sensor.
Furthermore the installation above concrete can influence temperature and humidity sensors.
•
•
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However, the radio connection between the weather station and the receiver in the PSET
building works. There is just a small loss of data for wind, which is indicated by the “ISS
Reception” value. All measurements are transmitted into the project folder. This folder is
uploaded to online storage regularly for backup reasons and can be accessed worldwide. T data
has to be exported via WeatherLink first to get tab delimited text files for importing into other
tools because the files in the project folder are compressed and not readable in plain text. This
can be done via remote control with password-restricted access.

4.3 First days of measurements
During the first days the values temperature, pressure and humidity are compared with the free
data from WARR to ensure that the weather station is working and calibrations are correct.
Permanent offsets in the trend will be corrected. The vertical resolution is 10 times lower than
the resolution of the UABAYA weather station. The horizontal resolution from WARR is
30 minutes and for UBAYA 10 minutes. The next headline analyses the data from the two
different sources graphically and quantitatively.

4.3.1 Results in Temperature, Barometric Pressure and Relative
humidity
The first diagram in figure 4.4 below demonstrates how the temperature curve of UBAYA
follows the trend of the airport data.

Figure 4.4, Temperature trends of airport and UBAYA
Barometric pressure is shown in the next diagram in figure 4.5. The whole amplitude in the trend
of UBAYA measurement is around 2 mbar larger than the trend of the airport but the curves
have a similar gradient.

Figure 4.5, Barometric pressure trends of airport and UBAYA

As in the diagram for temperature, the relative humidity follows the trend of the airport data
shown in figure 4.6.
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Figure 4.6, Relative humidity trends of airport and UBAYA
To quantify the average derivations for temperature, barometric pressure and relative humidity
the average derivations are calculated from the graphs above. From both data the difference of a
half hour step is calculated after the UBAYA data is averaged from 10-minute data. The
differences are averaged. The following table 4.4 shows the derivation from the UBAYA
measurement to the airport data.
Table 4.4, Average derivations from UBAYA measurement to airport data
Average derivations
Temperature

0.3°C

Barometric Pressure

1.7 mbar

Relative Humidity

3.2 %

4.3.2 Discussion
First of all this compare isn’t a verification of the sensitivity of the new UBAYA weather station.
Furthermore it proves that the UBAYA weather station shows true values. This is done as a first
step to make sure the installation works as expected. All three diagrams show differences. The
first reason is the resolution of the data. This causes errors rounding because of different
resolutions. The second reason is caused by nature of different environments. The installation of
the instruments of METAR weather station follows the international rules. The UBAYA weather
station might be not on the perfect spot and is influenced. It makes a difference install the
weather station above concrete or grassland. At the end of this chapter some improvements for
the current installation are given.
Excluded from the derivations caused by installation regulations is the pressure difference. The
difference of 1.7 mbar is caused by the difference of altitude or the 24 m-height building where
the UBAYA weather station is installed on. The METAR station is given with an altitude of 3 m
above see level. An exact difference of altitude cannot be given because the altitude of the
campus is unknown or is not measured yet. The pressure difference can be adjusted with the
WeatherLink Software to bring the UBAYA weather station to the same altitude like the
METAR weather station.

4.4 Solar radiation analyses according to sample time
Measurement values are taken from 3rd to 12th of May and for June. The station is switched from
10-minutes into 1-minute sample mode. Unfortunately the station cannot run in different sample
modes in the same time. For the sample time analyses the 1-minute data is averaged to 10minute and 1 h data with the arithmetic mean.

4.4.1 Results
figure 4.7 shows solar insulation with 1-minute, 10-minute and 1-hour data over two different
days. The left diagram shows a relative sunny day compared to the cloudy day on the right side.
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With averaging into 10-minutes and 1-hour short occasions of low radiation disappear in the red
curve. If the sampling time is increased information will be lost. A reason for short occasions of
low radiation is cloud movement and cause shadings to the sensor. The 1-minute data is not
averaged over 60 seconds because the weather station transmits the insolation data every 50
seconds to 60 seconds.

Figure 4.7, Compare of 1-minute, 10-minute and 1hour sampled solar insolation data
4.4.1.1 CFD for Cloudy and sunny day
Analyzing the two days of 06.05.13 (sunny) and 12.05.13 (partial cloudy) with CFD shows the
difference in the f(ct) diagram in figure 4.8. The upper 3 graphs interpreting the sunny day and
the lower the almost cloudy day. The steps in the 1-hour and partly in the 10-minute graph are
bases on the low numbers of measurement points that occurs when the data is averaged. Usually
longer periods than one day are analyzed.

Figure 4.8, CFD of minute clearness indices of cloudy vs. sunny day
4.4.1.2 CFD for 10 days
The next graph in figure 4.9 shows 10 days without separating into cloudy or sunny days. In this
case the 1-hour averaged data doesn’t have the steps because enough values are available.
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Figure 4.9, CFD of minute clearness indices from 03.05. to 12.05.13
Between a clearness index of 0.3 and 0.7 the 1-hour trend is lower than the 1 and 10-minute
trends.
4.4.1.3 CFD for June 2013
The following figure 4.10 shows the CFD diagram for June. The trend is lower than in the 10day trend before.

Figure 4.10, CFD of minute clearness for June 2013
A similar behavior can be recognized in June. The 1-hour trend is lower above a cumulated
frequency of 0.6.

4.4.2 Discussion
The last three diagrams are illustrating the trend of clearness index above there frequencies. The
first one is illustrates how a frequency over clearness index diagram works for sunny and cloudy
days. If the 10 days and June are compared, than June was cloudier.
However, the task is to determine a suitable sample rate for the weather station. The last two
diagrams have shown that the 1h sampling cumulates values different compared to the 1- and
10-minute sampling. The drift of the 1-hour trend in figure 4.9 is caused by higher frequencies of
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lower clearness values. With the averaging the frequency of ct between 0.35 and 0.70 is lower
than in the 1- and 10-minute sampling.
In the last diagram the 1-hour data has a lack of values of ct from 0.4 to 0.8. The reason for this
behavior is that a short occasion of high radiation is lost in the averaging.
The differences force to use the 1-minute sampling or 10-minute sampling. Finally the 1-minute
should be used because it is unknown how the weather will behave in the next year. The loss of
information is avoided as good as possible. Fast sampled data is very difficult to organize and
very expensive as well.
A disadvantage is the high amount of data that is produced, because advanced analyze tools are
needed. One day produces 1,440 lines and one month around 43,200 lines. An exported file has
the size of around 7 to 7.5 MByte per month and around 88 MByte per year.

4.5 Wind assessment for June 2013
June 2013 is sampled with one minute and totally 43,200 values are measured. The next
headlines visualize the wind direction and wind speed. A discussion compares and analyzes the
measurements.

4.5.1 Wind direction results
All valid values and their relative frequencies are shown in figure 4.11 in a radar diagram. A
satellite picture of the place of installation gives a more impression about the directions.

Figure 4.11, Wind direction distribution in June 2013 in %
The direction with the highest frequency for June 2013 is east with around 124 h or 18 %. The
second highest is SSE with 72 h or 10.6 %. During 38 h it was still air and no direction was
registered. All absolute and relative frequencies over the wind direction are in appendix A.

4.5.2 Wind speed results
The wind speed distribution can be visualized according to the section 4.1.4 with a Weibull
curve. The Weibull factors are calculated with the equations from 4.1.4.2. and the result is shown
in table 4.5.
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Table 4.5, Average wind speed, standard derivation, shape-factor and scale parameter for June 2013 calculated
from minute wind speed data from UBAYA weather station

UBAYA Weather
station

Average Wind
Speed

Standard
Derivation

Shape
Factor

Scale
Factor

!

!

!

!

1.58 m/s

1.22 m/s

1.32

1.72 m/s

To calculate the frequency distribution of the measured values the same approach was used like
in the wind direction section. All results are summarized in appendix B. The next diagram in
figure 4.12 visualizes the values with a bar and scatter diagram. Most of the time with 6683
minutes the wind speed is 0.9±0.2 m/s. For 4928 minutes the air is still or below 0.2 m/s. The
highest average wind speed for June is measured with 11.2 m/s and least one minute.

Figure 4.12, Wind speed frequencies and Weibull and Rayleigh-distribution for June 2013
Shape and scale-factor are forming the red Weibull trend line the diagram above. In green the
Rayleigh curve with the shape-factor of 2 is shown. The scale factor is the same like in the
Weibull curve.
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4.5.3 Discussion
The meteorological facility at the airport plotted the monthly main wind direction data. It is
collected from 1991 to 2010. A photo for June is shown in (figure 4.13). The main wind
direction for that place is east with a possibility of 95%. The location is 6.4 km away from
UBAYA. Different wind speeds are color-coded.

Figure 4.13, Wind speed and direction recording from 1991 to 2010 at airport weather station (STASIUN
METEOROLOGI JUANDA SURABAYA, 2013)
The main wind direction that is measured in June is east but there is also some fluctuating to
other directions, especially to SSE, W and N. The wind rose in figure 4.11 has his largest wind
distribution to East, South-South-East and West. There are similarities with construction and
wind directions. Compared with figure 4.13 the east direction is with 18% quite low. One reason
could be the daily averaging technique on airport data, which does not consider the frequency of
the wind direction over the day. Just the highest values are taken is taken into account.
Another reason is according to the pole of just 2.1 m where the anemometer is installed and
turbulences can change the results. A 10 m pole is the standard to avoid turbulences from
ground obstacles. A computational fluid dynamics (CFD) from (ABOHELA, Islam et al., 2013)
concluded that installations of small wind turbines at a height of at least 1.3 times the height of
the building are less influenced by turbulences. In the case of the pharmaceutical faculty with a
height of 24 m the anemometer has to be installed 7.2 m above the elevator roof to have less
influence of turbulences. If it comes to a real installation a 10 m pole should be used to be in a
save zone.
The second part of wind assessment was the wind speed. With an average wind speed of
1.58 m/s, which equates a light sensible wind (QUASCHNING, Volker, 2011), UBAYA was a
not very windy place during June 2013. The table 4.6 shows values from an assessment of the
wind energy potential in Surabaya.
Table 4.6, Average wind speed, standard derivation, shape-factor and scale parameter for June taken from a
NOAA database (RUMBAYAN Meita and Nagasaka Ken, 2011)
Average Wind
speed

Standard
derivation

Shape
factor

Scale
factor

!

!

!

!

Surabaya (NOAA)

2.35 m/s

0.73 m/s

3.54

2.61 m/s

UBAYA Weather station

1.58 m/s

1.22 m/s

1.32

1.72 m/s
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They calculated with the daily average wind speed data from NOAA an average wind speed of
2.35 m/s in June. It is a 33% larger value than the value from UBAYA weather station. Also
standard derivation and the Weibull factors are showing high differences.
The reasons for differences are similar to the derivations in the wind direction. A to short pole
keeps the anemometer and the weather vane in a turbulent zone above the roof. This changes
the wind speed unpredictable. Wind measurement needs laminar airflow. The urban situation
with a lot of buildings causes turbulences as well.
Finally the wind measurement on UBAYA rooftop is exposed to turbulences and the results are
probably not correct. The size of the impact is unknown and cannot be predicted. The roof
formation of pharmaceutical faculty is quite complex.

4.6 Solar assessment for June and July 2013
4.6.1 Results
The insolation of June and July was measured. In figure 4.14 a diagram compares the frequency
distribution for both months. Apparently June has more often lower radiation than July.

Figure 4.14, Frequency of insolation for June and July 2013
The daily solar insolation measurement for June and July is made visible in figure 4.15 and figure
4.16. If the two month are compared its clearly visible that the frequency of insolation between
800 and 1000 W/m2 is lower in June than in July. Especially the day between 9th and 11th of June
had low insolation. In the second half of July are some less cloudy days with higher insolation.
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Figure 4.15, Daily radiation for June 2013 in minute resolution

Figure 4.16, Daily radiation for July 2013 in minute resolution
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The accumulated energy on a global horizontal plane for the month of June from the UBAYA
weather station was 9,491 Langley or 110.3 kWh/m2. The table 4.7 compares the monthly and
daily average measurement with satellite and ground based data horizontal planes as well. The
data is from different periods and years and the sources are already discussed in the methods
part.
Table 4.7, Solar insolation for Surabaya in June 2013 from different sources
Monthly

Average Daily

kWh/m2

kWh/m2

UBAYA Weather Station, June 2013

110.3

3.68

1

NASA-SSE satellite data, 1983-1993, release 6,
resolution 110 km x 110 km

141.9

4.73

2

SolarGIS satellite data, 1994/1999 to Present,
resolution 90 m x 90 m sampled every 15 or 30 min.

157.0

5.25

3

METAR Weather Station Data, June 2012,
Surabaya weather daily average values

100.5

3.35

The average daily PSH for UBAYA in June was 3.68 h/day, according to paragraph 4.1.5. For
the daily measurements for June 2013 please use appendix C.
For July 2013 a monthly solar insulation of 12,293 Langley or 142.9 kWh/m2 was measured. The
value is compared with values for July from the same sources like before in the following
table 4.8.
Table 4.8, Solar insolation for Surabaya in July 2013 from different sources
Monthly

Average Daily

kWh/m2

kWh/m2

UBAYA Weather Station, July 2013

142.9

4.61

1

NASA-SSE satellite data, 1983-1993, release 6,
resolution 110 km x 110 km

155.9

5.03

2

SolarGIS satellite data, 1994/1999 to Present,
resolution 90 m x 90 m sampled every 15 or 30 min.

176.0

5.68

3

METAR Weather Station Data, July 2012,
Surabaya weather daily average values

129.5

4.18

As average PSH 4.61 h/day can be given for July. The daily values can be found in the appendix
in appendix D.
The last two tables show the measurement results of June and July 2013. The long-term average
measurements from the satellite are deviating 28 % for the NASA and 42 % for the SolarGIS
data in June. In July the derivation is 9 % for NASA and 23 % for SolarGIS data.
The weather station has a derivation of 9 % in June and 10 % in July for ground-based data from
METAR.

4.6.2 Discussion
The frequency distribution over both months is shown in figure 4.14. July has the higher
insolation. This could be shown in the following energy measurements as well. One reason is
that the dry season starts and the rainy season ends and fewer clouds occur. Also the angle of
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incidence increases from the beginning of 21st of June because of summer solstice. The
maximum insolation between 900 and 1,100 W/m2 occurs more often in June for a few times. A
reason could be that the rain in the rainy season cleans the air from dust and other particles more
often than in July when less rain falls. But this is speculation. A future research in the behavior of
aerosol level in the atmosphere above Surabaya could give more information about.
The SolarGIS data collected over the last 14 years derivate most. Different investigations like
(VIGNOLA, Frank et al., 2007) and (KARAKOTI, Indira et al., 2012) conclude; that clear sky
and totally overcast days should reduce derivations between ground based and satellite based
solar measurements. Furthermore the ground-based measurements are observing just a certain
place and satellite data observe a region. The investigation mention sources of systematic errors
like clouds snow or fog.
The NASA-SSE data from the PV-simulation tool PVSyst the software gives a hint that the data
might be very inaccurate nowadays. The derivation is smaller compared with the data from
UBAYA but reasons for differences could be large area of resolution that decreases the accuracy
especially in mountainous areas.
Probably other reasons for high derivations in insulation could be possible especially for
Surabaya. The city is located near the ocean, which can causes reflections like snow. The tropical
location keeps the moisture in the air quite high, which is absorbs and reflect radiation. Growing
industry and increasing amount of vehicles and motorbikes in the region increase the partials and
aerosols in the air.
However, just two months are not enough to compare the solar insulation at UBAYA. June and
July 2013 could be under the average compared to the satellite based data. Increased periods of
measurement should give better conclusions about derivations between datasets. A second
comparison between METAR and UBAYA weather station in 2013 and 2014 could increase the
understanding why there are huge derivations.

4.7 Conclusion
After finding a suitable place for the weather station it was installed and started measuring for
the first days. It could be shown that temperature, humidity and pressure are following the trend
of an official weather station. The influence of the sample time on the solar irradiation was
shown. With the setup the month of May, June and July are measured. Just in May some days are
missing because the measurement started late. Two full months of records (June and July) gave
the opportunity to analyze some values more in detail. Rainfall isn’t analyzed because they are
strongly depended on the location but could be part of a future work.
The one-minute sampling will help to understand the different weather situations in future much
better than lower sample rates especially in solar insulation. It also fits into the weather situations
during the change between dry and rainy season because cloudy and sunny weather changes
quite fast.
The result of the solar assessment is not very clear because of the derivations between satellite
and ground data. Here it is very important to collect more data and compare a whole year to give
a first precise statement. More precise statements can be given with more data than just one year.
Error calculations should be done after enough data is available like describes in (KARAKOTI,
Indira et al., 2012). The statistical errors mean percentage error, root mean square error and
mean bias error between satellite and ground data give reliable information’s about the size of
derivations from expected values. With this information systematic and non-systematic errors
can be identified.
Due to the method of installation not all restrictions given by meteorological institutes are
fulfilled. The reasons are primarily the costs and secondarily the time. To bring the installation
more into the restrictions some of the following improvements can be done. First of all super
heating above the elevator roof should be avoided to keep disturbance in temperature and
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humidity measurement low. There is always the danger of superheated air above flat roofs.
Without wind the warm air is sticking. Forced ventilation for the radiation shield reduces
derivations in temperature. Other solutions could be a roof with grassland or a carpet that is
simulating the grass.
The measurement in wind has shown that the derivations to other measurements are quite high.
A higher pole with 10 m improves the situation with turbulences above the roof. Furthermore an
own CFD simulation could improve the situation like in (ABOHELA, Islam et al., 2013). The
optimum place for installing the wind sensor could be calculated. With a higher pole for the wind
sensors the lightning protection has to be improved as well.
During installation the access to the roof was quite difficult and just possible above walking on
the roof beside with a ladder. A fixed ladder to step up to the elevator house would be helpful
for maintaining the weather station.
Students and teachers can use the data now for their projects. They can easily downloaded from
the PC or via the Internet from the online storage.
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5 Part II: Simulation of an
PV System at UBAYA campus

grid

connected

A research fund for renewable energy, where PSET is relied on, could finance a PV-installation
at UBAYA campus with Rp 400,000,000. This was the first intention to simulate a realistic and
realizable a grid-connected system. Furthermore there is no known grid connected PV system in
Surabaya or nearby (DEVELOPING RENEWABLES, 2006). Larger grid connected PVsystems are not official studied in Indonesia yet. Reasons can be found in headline 3.1.2. A first
step in this direction would be helpful for several reasons.
• Study the first grid connected systems in an urban environment in Surabaya
• Create a database of experience and measurements for future installations
• Investigation how a PV installation can handle or is handled by the grid in Surabaya
• Use the system for educational purposes in PSET
• Proof the data from the weather station with data from the PV installation
• Feed in to the public grid or use the energy in the campus grid
• Use the system as a representative project for environmental care of UBAYA
• Urban areas in tropical climates have a high energy consumption
Indonesia installed hybrid and stand-alone systems in remote areas in the past years. For this
kind of systems investigations exists. The results of an investigation of a 10 year installed PVmicro-hydro system are, that it’s fulfilling the needs but batteries have to be changed (MUHIDA,
Riza et al., 2001).
However, PV installations in tropical climates are already studied and advices are given how to
install them. A study about module temperature was done in Singapore (YE, Zhen et al., 2013).
To keep the module temperature as low as possible special infrastructure or ventilating methods
can be used to increase the efficiency up to 50 % compared to inefficient installations.

5.1 Methods
Planning and simulating a PV-installation needs different steps. This section introduce to
different methods, which are used in this thesis.

5.1.1 Determine the roof direction with a high yearly solar insolation
Before defining a suitable PV project for UBAYA campus an optimal alignment has to be found.
It must be ensured that the PV installation produces as much energy as possible over one year. A
simple simulation for the determination is enough.
The circumstances at UBAYA campus with around 30 buildings give the fundament for finding
the best roof direction. All of them are tilted 45° to the main geographical directions compared
to the buildings outside the campus as shown in figure 5.1.
The main roof type that is used is named “Hip roof”. Also the subtype “Gablet Roof” or
“Dutch roof” is used. The roofs have tilt angles of about 35° and are directing to NE, SE, SW
and NW. Both roof types are shown in figure 5.1.
The simulation can be done with the subscription of PSET at the pvPlanner homepage
(GEOMODEL SOLAR S. R. O., 2013). It is an easy way to determine the roof direction with
the highest yearly electricity production. During the roof directions are changed all other options
are kept. With the result the project in PVSyst can be defined.
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N

45°

Figure 5.1, UBAYA campus, buildings are tilted 45° to geographical directions (left),
Gablet roof (upper right), Hip roof or Dutch roof (lower right)

5.1.2 PVSyst project and simulation
If a suitable roof direction is found a detailed project can be defined. The same tilt angle,
direction and weather data like in “pvPlanner” should be used. To set up the components the
actual market situation should be revised. This helps to use up-to-date hardware.
The size of the PV installation must be estimated with the possible total investment of
Rp 400,000,000 and the prices for the components from table 3.3. The total investment of the
simulation has to be lower than the given value. If this is not fulfilled the simulation inputs have
to be changed until the aim is reached.
Two additional points are of interest. The first point: Instead of the SolarGIS data, the METAR
data from 2012 may be used to determine the amount of energy that would have been produced
last year. The second point is the usage of different technologies because there are advantages
and disadvantages in hot climate zones.

5.2 Pre-simulation of the four main roof directions of UBAYA
Some of the input values for the simulation are already given in the methods section for this
simulation. These values are the directions, tilt of the building and the tilt of the roof.
Additionally a PV technology has to be specified. In this case the default values are used and just
the roof direction was modified.
Following table show the input values and the results of the simulation in the pvPlanner of
SolarGIS for the building of pharmacy studies at UBAYA campus. The figure 5.2 in table 5.1
shows the locations of the simulations on the roof of the pharmacy faculty.
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Table 5.1, Input values and result for roof direction simulation in pvPlanner
Direction and
Tilt of building

Northeast
45 °

Southeast
135°

Southwest
225°

NE

SW
Locations

Northwest
315°

NW
SE

Figure 5.2, Building of faculty for pharmacy studies, UBAYA
Tilt of roof

35°
PV-Installation

Watt Peak

10.0 kWpeak

Technology

Crystalline silicon

Mounting
Inverter

Fixed mounting, Roof installed
Euro eff.: 97.5 % DC/AC losses: 5.5 %/1.5 % Availability: 99.0 %
Results

Yearly electricity
production

14.7 MWh

12.8 MWh

12.1 MWh

14.1 MWh

Performance ratio

75.5 %

73.9 %

73.5 %

74.6 %

Annual global inplane irradiation

1,945 kWh/m2

1,732 kWh/m2

1,651 kWh/m2

1,888 kWh/m2

The highest yearly electricity production of 14.7 MWh can be harvested on the roof to the
northeast side with a performance ratio of 75.5 %.

5.3 PVSyst mono-crystalline simulation set up
An approximation with the values from table 3.3 gives a roughly size of the planned PV
installation. The cumulated costs for panels with Rp 20,000/Wpeak, Inverter, cabling and
installation would be Rp 49,000/Wpeak. If the costs for panels would be just Rp 15,000/Wpeak a
total price of Rp 44,000/Wpeak can be achieved. For Rp 400,000,000 a system from 8 to 9 kWpeak
can be installed at UBAYA campus.
The place for installation should be near the weather station to compare solar insolation with the
output of the PV-installation. Therefore the building of pharmacy faculty is quite suitable. Also
the roof is quite easy to access. Trees or other building doesn’t shade the roofs. There might be a
shading during morning and evening by the roof itself.
In the last paragraph the northeast roof gave the highest yearly output with the SolarGIS data.
The data from SolarGIS is also used in the PVSyst simulation and the monthly values are shown
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in appendix E. Following figure 5.3 illustrates the shape of the northeast hip roof for arranging
the panels.

Figure 5.3, Shape of the roof of the pharmacy faculty with dimension in [m]
Tilt angle: 35° Direction: north east, 45°
The target size for the first simulation is chosen with 8 kWpeak from the approximation above.
Following components (table 5.2) are selected for the simulation.
Table 5.2, First simulation setup for PVSyst
Panel (mono crystalline)
Manufacture

Sunpower

Model number

SPR-320NE-WHT-D

Total number of PV Modules

26

Strings

2

Power Nominal (STC)

8.32 kWpeak

Module Area

42.4 m2
Inverter

Manufacture

SMA

Model number

Sunny Tripower 8000 TL-20

Nominal AC Power

8 kW

The panel from Sunpower has a very high efficiency of 19.6 % tested by the photovoltaic
magazine “Photon”. The result was a very high yield ratio compared to other panels. It hits the
second place in the module test 2012 (SCHÜßLER, Bernd, 2013). The inverter from SMA is
selected because GNM could give price information’s about SMA products in Indonesia.
The prices for the economical calculation are taken from table 3.1 with Rp 20.000/Wpeak for the
solar panel because the panels are latest technology and expensive. The VAT of 20 % will not be
included in the final price because the university is able to get it back. The basis for calculating
the energy cost per kWh is a period of 20 years.
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5.4 PVSyst mono-crystalline simulation results and discussion
The first simulation gave following main results in the table 5.3.
Table 5.3, First main results from PVSyst SolarGIS data
Produced Energy

12.6 MWh/year

Performance Ratio

80.2 %

Total Investment

Rp 407,680,000 (without 20 % tax)

Specific Costs

Rp 58,800/Wpeak

Energy Costs

Rp 1,941/kWh (20 years, no loan)

The simulation calculated total investment is above the limit of Rp 400,000,000. The prices for
components are approximated to the best of knowledge and they could derivate if it comes to a
real project. To reduce the sum of total investment the simulation inputs are changed and are
shown in table 5.4.
Table 5.4, Second simulation setup for PVSyst
Panel (mono crystalline)
Manufacture

Sunpower

Model number

SPR-320NE-WHT-D

Total number of PV Modules

24

Strings

2

Power Nominal (STC)

7.68 kWpeak

Module Area

39.1 m2
Inverter

Manufacture

SMA

Model number

Sunny Tripower 7000 TL-20

Nominal AC Power

7 kW

Now fewer panels are used and the inverter is changed to a 7 kW version from the same series of
SMA. The results of the second simulation are shown in table 5.5.
Table 5.5, Second main result from PVSyst with SolarGIS data
Produced Energy

11.64 MWh/year

Performance Ratio

80.3 %

Total Investment

Rp 376,320,000 (without 20 % tax)

Specific Costs

Rp 58,800/Wpeak

Energy Costs

Rp 1,940/kWh (20 years, no loan)

The yearly energy output is reduced from 12.6 to 11.6 MWh/year, which equates 7.6 % less.
With the smaller inverter and two panels less 7.7 % in the total investment could be saved. The
investment costs now fit into the Rp 400,000,000.
The small area that is needed on the northeast roof of the pharmacy building allows an
arrangement in many variances. figure 5.4 illustrates the installation near the lower end of the
roof. The advantage is that maintenance can be done easily via the walkway around the roof
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shown in the photos of table 4.2 in row 1 and 2. The panels in the two substrings S#1 and S#2
are arranged parallel, which reduce the area of the conductor loop. This reduces inductance and
the influence of the magnetic field from lightning strikes.

Figure 5.4, Placement of mono crystalline PV panels on northeast roof of pharmacy faculty (sizes in m)
The table 4.7 and table 4.8 show that the solar insolation from 2012 collected by the METAR
weather station is lower than the insolation collected from SolarGIS. Therefore the last
simulation is repeated with the insulation data from METAR. The reason is to get an impression
how much the PV installation would have be produced in 2012. table 5.6 shows the results.
Table 5.6, Third main results from PVSyst with 2012 METAR data
Produced Energy

8.82 MWh/year

Performance Ratio

81.4 %

Energy Costs

Rp 2,567/kWh (20 years, no loan)

With the lower yearly isolation the produces energy decreased to 8.82 MWh/year. That equates
24 % less compared to the simulation result with the SolarGIS data. The price of electricity
increases to Rp 2,567/kWh. Costs of installation haven’t changed. The year 2012 is not
reprehensive for a couple of years like the satellite data. But it shows the difference that can
appear when different sources are used.

5.5 PVSyst thin film simulation set up
Indonesia is located in the hot climate zone. This causes degrading relating to the temperature to
the solar panels. The temperature coefficient for the Sunpower Module (SPR-320NE-WHT-D)
is -0.38 %/K. Thin film modules have the advantage of a lower temperature coefficient. For
example a module from Sharp (NA-F135GK) has a loss in power of -0.24 %/K. A fourth
simulation with new modules and the same inverter will give an idea how the behavior of thin
film modules is on UBAYA rooftop. table 5.7 introduce to the configuration in PVSyst.
Table 5.7, Fourth simulation setup for PVSyst
Panel (thin film)
Manufacture

Sharp

Model number

NA-F135GK

Total number of PV Modules

56

Strings

4

Power Nominal (STC)

7.56 kWpeak

Module Area

79.6 m2
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Inverter
Manufacture

SMA

Model number

Sunny Tripower 7000 TL-20

Nominal AC Power

7 kW

The prices of thin film technology in Indonesia are unknown. From experience it can be
assumed that it is around 25 % cheaper compared to crystalline modules. A price of
Rp 15,000/Wpeak can be accepted. The costs for Inverter and cabling are not changed.
Shape, direction and tilt angle of the roof haven’t change. Also the weather from the airport
from 2012 is used. The result has to be compared with the third result of the previous
simulation.

5.6 PVSyst thin film simulation results and discussion
Compared to the mono crystalline installation the installation with thin film has a 310 kWh
higher output for 2012. Also Performance ratio increased. The investment, specific and energy
costs are lower than the results from table 5.5. An Rp 44,000,000 reduced total investment
changes also cost of electricity to Rp 2,193/kWh. The unknown price for thin film makes it
difficult to trust those values. A future investigation could confirm the simulation. The following
table 5.8 shows the results with the thin film module simulation.
Table 5.8, Fourth main result from PVSyst with 2012 METAR data
Produced Energy

9.13 MWh/year

Performance Ratio

85.5 %

Total Investment

Rp 332,640,000 (without 20 % tax)

Specific Costs

Rp 52,800/Wpeak

Energy Costs

Rp 2,193/kWh (20 years, no loan)

A possible layout for the roof is shown in the next figure 5.5. The thin film modules need more
than 40 m2 more space than the mono crystalline.

Figure 5.5, Placement of thin film PV panels on northeast roof of pharmacy faculty (sizes in m)

5.7 Conclusion
The pre-simulation found the most suitable roof direction is northeast under the given
conditions. With this direction and tilt angle the main simulation for 8 kW was performed. The
result of the total investment was above the Rp 400,000,000. A second simulation with a 7 kW
inverter and just 22 panels decreased the investment below the given border.
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Additionally a simulation was done with last year insolation and temperature values. It shows a
difference of 24 %.
To use the advantage of the low temperature coefficient of thin film technology a fourth
simulation was done. A lager area is needed to produce the same amount of energy. It was
shown that 120 Wpeak less in installation could produce 330 kWh more energy per year. Thin film
is able to use the weak light conditions better than mono crystalline. The performance ratio is
with 85.5 % the highest in the simulation results.
A system of 7 kWpeak is good size to study the first grid-connected system in Surabaya. It will be
connected to the campus grid to give some extra supply. Metering the power and sell it to the
grid doesn’t make sense nowadays. The energy costs with the SolarGIS data are nearly 2.5 times
the price of the Grid with just Rp 750/kWh. Installations for making profit are not possible yet.
There might be subsidies in the future.
However the PV installation at the pharmacy faculty is used for scientific purposes. Maximum
outputs are not of interest in the first point. If it is not planned to harvest as much energy as
possible from the roof, a thin film installation is more suitable after this results. A divided
installation is also possible to get a direct compare of both technologies. The complexity
increases and more time and effort is needed for planning, installation, maintaining and
investigation of measurement data.
The PV installation could be surveyed additionally with extra devices. This could be an extra
sensor for measuring the temperature at the panels. To know the grid behavior a grid quality
recorder could be useful. The grid in Surabaya has often short blackouts of 5 sec duration. A
pyranometer should be installed in plane with the panels to determine the performance ratio.
The Inverter should have some advanced capabilities to monitor the output power. If not, some
extra sensors should measure the power, which is feed into the campus-grid. The data has to be
stored into a database for later investigation.
The experience can be used in the lectures and shown to the students. For example the data can
be uses in PV simulation labs. Assumptions can be made if more PV is installed when subsidies
are available in future. A reprehensive status of UBAYA in renewable energy will be increased.
As mentioned in the beginning a PV-installation in tropical regions need special mounting
related to temperature especially when crystalline modules are used (YE, Zhen et al., 2013). More
air behind the panels could increase the natural airflow and cool down the panels.
Another and last aspect is to know about other PV-module degradation, soiling and unexpected
circumstances. Mr. Chayun Budiono from GNM installed a small system in 1984 at the
countryside. He made the experience that in very humid environments algae or moo can cover
the panels. An example how a panel looks like without cleaning regular demonstrates the next
figure 5.6. The picture was taken during a study visit in Pulau Peleng.

Figure 5.6, PV-module without maintenance covered with moo or algae in hot and humid climates
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6 Final conclusion and future work
To find a suitable place in the campus area for the weather station was quite challenging. The
radio connection and the sensors, which cannot install far away from each other, gave the limits.
To find the best spot was guided from the pyranometer mainly. This was the main reason for the
decision for the elevator house. It is the highest roof with a panorama without near shadings.
The other sensors are secondarily. That means not all specifications could be reached like shown
in Table 4.3. Especially for the wind measurement the instruments are not mounted high enough
and are in a turbulent zone. Measuring the temperature above concrete disturbs the
measurements. However, urban area like Surabaya is always warmer because of the infrastructure
around. The reference station at JIA has different conditions. For a regular maintenance a fixed
ladder should be installed to step up to the elevator house.
After two month of measurement wind a solar assessment was done. A surprise was the given
wind direction of the airport weather station with a possibility of 95 % east. The compare with
an earlier investigation shows also differences in wind speed, standard derivation, shape factor
and scale factor. This indicated that UBAYA wind measurements are not reliable. Future
investigations with the monthly and yearly mean values will show more difference to official
stations. Also the mountings of the wind sensors have to be improved. The solar assessment
showed a huge difference between satellite and ground based data. It was shown that for July the
derivation between UBAYA and the satellite-based data is smaller than in June. In the same
period July had a higher insolation than June. A research about the correlation between clear sky
or overcast days and the measurement differences between satellite and ground based data could
be confirmed.
For a future research a PV-system was simulated. The condition for the beginning was given
with the max possible investment. It has been found out that a system with thin film technology
has a reasonable price. The installed power would be 7.6 kWpeak with a yearly output 9.13 MWh.
An Area of 79.6 m2 in needed on a northeast roof of the pharmacy faculty. Crystalline
technologies are very much affected by their temperature coefficient in hot climate zones and
show their differences in simulations. An advantage is the usage of less space on the roof. If roof
area is short and the output should be high as possible, crystalline technology should be used.
UBAYA has no interest of the highest output. The installation is more for scientific purposes.
If PV is installed in the future some suggestions for investigations are given. The weather station
can be used to just forecast the energy output and with the panels it can be proofed. The data
from both systems can be sold to other researchers or used for simulation. Beside statistical
analyses that are used in this thesis, the data from the airport should be compared again for 2013
and 2014. It concerns wind direction, wind speed, temperature, pressure, humidity and solar
insolation. An improvement of the weather station installation like described in the conclusion in
part I would be perfect. Davis promised a 2 % derivation in solar measurement after one year
and gave the hint for yearly calibration. With a clear sky above Surabaya and the METAR
weather station the sensors can be compared in output to check the level of derivation.
Research and development in renewable technology at UBAYA University is an important
contribution for future in energy market in Indonesia. An own PV installation in Surabaya will
give experience in reality without doing a simulation. The installed weather station measures data
constantly and no problems occurred until today. Together with the weather station a bundle of
data can be collected for future investigations. Both installations will attract groups of people
interested in renewable energies.
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APPENDICES
A Wind directions with their absolute and relative frequencies
Table Appendix 1, Wind directions with their absolute and relative frequencies
Direction
Abbreviation

Frequency

Degree

Absolute

Relative

°

[min/month]

[%]

N

0

2,171

5.3

NNE

22.5

1,438

3.5

NE

45.0

2,236

5.5

ENE

67.5

3,607

8.8

E

90.0

7,464

18.2

ESE

112.5

2,830

6.9

SE

135.0

2,386

5.8

SSE

157.5

4,349

10.6

S

180.0

3,128

7.6

SSW

202.5

1,613

3.9

SW

225.0

1,086

2.7

WSW

247.5

2,461

6.0

W

270.0

3,213

7.9

WNW

292.5

861

2.1

NW

315.0

1,045

2.6

NNW

337.5

1,034

2.5

Total valid values

40,922

Still air

2,278

---

Total values

43,200
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B Frequency, rel. frequency, Weibull and Rayleigh distribution
Table Appendix 2, Frequency, relative frequency, Weibull and Rayleigh distribution
Wind speed

Frequency

Relative frequency

Weibull

Rayleigh

! [m/s]

[min/month]

[%]

[%]

[%]

0

4,928

11.41

0

0

0.4

6,472

14.98

41.34600

25.55855

0.9

6,683

15.47

40.87341

46.18835

1.3

5,725

13.25

35.35635

49.58676

1.8

4,954

11.47

27.11786

40.71104

2.2

4,234

9.80

20.94818

29.01066

2.7

3,533

8.18

14.53016

15.58546

3.1

2,734

6.33

10.54078

8.18419

3.6

1,742

4.03

6.84931

3.07143

4.0

1,033

2.39

4.75049

1.22439

4.5

587

1.36

2.93737

0.32862

4.9

308

0.71

1.96583

0.10071

5.4

152

0.35

1.16703

0.01955

5.8

52

0.12

0.75793

0.00464

6.3

32

0.07

0.43451

0.00065

6.7

10

0.02

0.27491

0.00012

7.2

7

0.02

0.15282

0.00001

7.6

1

0

0.09446

0

8.1

0

0

0.05108

0

8.5

1

0

0.03091

0

9.0

0

0

0.01630

0

9.4

3

0

0.00967

0

9.9

0

0

0.00498

0

10.3

0

0

0.00290

0

10.8

0

0

0.00146

0

11.2

1

0

0.00084

0

11.7

0

0

0.00041

0

12.1

0

0

0.00023

0

12.6

0

0

0.00011

0

13.0

0

0

0.00006

0
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C Daily measurements of solar insolation for June 2013
Table Appendix 3, Daily measurements of solar insolation for June 2013 from UBAYA weather station
Days

Langley/ day

Wh/m2day

kWh/m2day
PSH/day

01.06.13

217.80

2,531.3

2.5

02.06.13

320.72

3,727.4

3.7

03.06.13

289.82

3,368.3

3.4

04.06.13

486.67

5,656.1

5.7

05.06.13

337.11

3,917.9

3.9

06.06.13

255.00

2,963.6

3.0

07.06.13

310.43

3,607.8

3.6

08.06.13

233.55

2,714.3

2.7

09.06.13

207.11

2,407.0

2.4

10.06.13

111.46

1,295.4

1.3

11.06.13

214.06

2,487.8

2.5

12.06.13

370.96

4,311.3

4.3

13.06.13

213.92

2,486.2

2.5

14.06.13

255.61

2,970.7

3.0

15.06.13

325.27

3,780.3

3.8

16.06.13

311.83

3,624.1

3.6

17.06.13

131.99

1,534.0

1.5

18.06.13

353.85

4,112.4

4.1

19.06.13

295.18

3,430.6

3.4

20.06.13

360.01

4,184.0

4.2

21.06.13

300.36

3,490.8

3.5

22.06.13

351.96

4,090.5

4.1

23.06.13

482.03

5,602.2

5.6

24.06.13

420.92

4,891.9

4.9

25.06.13

459.56

5,341.0

5.3

26.06.13

428.37

4,978.5

5.0

27.06.13

368.61

4,284.0

4.3

28.06.13

292.81

3,403.0

3.4

29.06.13

421.63

4,900.2

4.9

30.06.13

362.24

4,210.0

4.2

Total
Average
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110,302.5
3,676.8

3.7

D Daily measurements of solar insolation for July 2013
Table Appendix 4, Daily measurements of solar insolation for July 2013 from UBAYA weather station
Days

Langley/ day

Wh/m2day

kWh/m2day
PSH/day

01.07.13

224.96

2,614.5

2.6

02.07.13

119.40

1,387.7

1.4

03.07.13

94.92

1,103.2

1.1

04.07.13

404.95

4,706.3

4.7

05.07.13

496.94

5,775.4

5.8

06.07.13

425.11

4,940.6

4.9

07.07.13

400.94

4,659.7

4.7

08.07.13

341.86

3,973.1

4.0

09.07.13

476.81

5,541.5

5.5

10.07.13

315.16

3,662.8

3.7

11.07.13

303.60

3,528.4

3.5

12.07.13

444.44

5,165.3

5.2

13.07.13

334.68

3,889.7

3.9

14.07.13

222.32

2,583.8

2.6

15.07.13

191.72

2,228.2

2.2

16.07.13

343.39

3,990.9

4.0

17.07.13

506.48

5,886.3

5.9

18.07.13

438.38

5,094.9

5.1

19.07.13

453.08

5,265.7

5.3

20.07.13

457.33

5,315.1

5.3

21.07.13

477.82

5,553.2

5.6

22.07.13

500.08

5,811.9

5.8

23.07.13

508.31

5,907.6

5.9

24.07.13

451.37

5,245.8

5.2

25.07.13

483.43

5,618.4

5.6

26.07.13

498.21

5,790.2

5.8

27.07.13

407.81

4,739.6

4.7

28.07.13

451.55

5,247.9

5.2

29.07.13

519.51

6,037.7

6.0

30.07.13

496.95

5,775.6

5.8

31.07.13

501.19

5,824.8

5.8

Total

142,865.8

Average

4,608.6
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4.6

E NASA-SSE, SolarGIS and METAR Weather data
Table Appendix 5, Monthly solar Insulation and Temperature for NASA-SSE, SolarGIS and METAR
Weather station
NASA-SSE

SolarGIS

Surabaya

Type

Satellite

Satellite

METAR weather
station, Juanda Airport

Time

1983-1993

1994/1999 to Present

2012

Area

110 km x 110 km

90 m x 90 m

Local

15 or 30 minutes

30 min (6a.m. – 6p.m.)

Sample time

No averaging between
the sampling
!"ℎ
!! !"#$ℎ
January
147.9

25.1

!"ℎ
!! !"#$ℎ
157

°C

26.7

!"ℎ
!! !"#$ℎ
107.3

27.1

°C

°C

February

135.0

25.1

139

26.1

108.3

27.5

March

153.1

25.4

156

26.4

101.1

27.4

April

149.4

25.4

149

26.8

100.0

28.4

May

152.5

25.1

157

27.4

112.1

27.8

June

141.9

24.5

157

27.4

100.5

27.0

July

155.9

24.2

176

27.5

129.5

26.3

August

171.7

24.6

196

28.1

148.0

26.3

September

181.5

25.3

204

29.4

164.5

27.5

October

184.1

25.8

209

29.9

170.0

29.5

November

159.0

25.5

173

29.3

164.6

29.7

December

154.7

25.2

149

27.8

126.5

28.1

45

