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Abstract: Photovoltaics have gained popularity since the 2000’s. More photovoltaic (PV)

systems are being connected to electricity grids thanks to introduction of feed-in tariffs and

reduced PV costs. The quality of electricity and lifespan of the photovoltaic module are

important in determining the viability of running a photovoltaic system.

Two photovoltaic technologies were investigated, namely: Polycrystalline located at Agora

in Jyväskylä and Heterojunction with Intrinsic Thin layer (HIT) located at Saarijärvi. Both

sites are in Central Finland. Performance analysis was done using data recorded over three

and seven years at Agora and Saarijärvi, respectively using performance ratios and yields.

On average, the performance ratio of the HIT system was higher than polycrystalline sys-

tem especially below 200W/m2 of solar irradiance. The HIT technology had the higher

efficiency of the two technologies with between 17.3 % and 19.7 % array efficiency. It has

been concluded that the topology of the system is strongly correlated to its performance.

Therefore, the topology with the better performance ratio was a hybrid of parallel and series

arrangement as seen in Saarijärvi subsystem one (ss1).

The degradation rate of the PV systems using the AutoRegressive Integrated Moving Aver-

age (ARIMA) model were found to be (−0.10± 0.65) %/year; (−0.29± 0.16) %/year and

(−0.36± 0.16) %/year for Agora, Saarijärvi ss1 and ss2 respectively. The value obtained
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from Agora was not conclusive and a recommendation of a four year cycle be used to check

the degradation rate. Investigation into the causes of degradation of the PV at the Saarijärvi

site should be done. In addition the data recording format for Saarijärvi should be revised

in order to improve the precision of parameters recorded. The aim is to eliminate the above

100 % inverter efficiency at low irradiance.

Both systems were calculated to have working lives equal to and greater than 25 years.

Keywords: photovoltaic, HIT, polycrystalline, degradation, Central Finland, field monitor-

ing, long term performance, heterojunction with intrinsic thin layer, array topology.
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Glossary

AC Alternating current

c-Si Monocrystalline

DC Direct current

EA Energy from array

Ein Total energy input from all power sources

EII Energy into inverter

Eio Energy out of inverter

Etu Energy to utility/grid

ES,A In-plane solar energy

FA Photovoltaic fraction of the total energy input

GI In-plane irradiance

GI,re f Reference irradiance (1000W/m2)

HIT Heterojunction with Intrinsic Thin layer

Lc Capture loss

Ls System loss

M Monitoring fraction

O Outage fraction

Pa Power from array

Po Rated nominal power of array

Ptu Power to utility/grid

PC Personal computer

PV Photovoltaic

PR Performance Ratio

p-Si Polycrystalline

Si Silicon

Sjarvi Saarijärvi

STC Standard Test Conditions

ss1 Saarijärvi subsystem 1

ss2 Saarijärvi subsystem 2
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T Temperature

VA VoltAmpere

Ya Array yield

Yf Final yield

Yr Reference yield

ηI Inverter efficiency

ηA Array efficiency

ηtot Overall efficiency
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1 Introduction

Energy independence has been the aim of many countries especially in the wake of periodic

and unforeseen oil and gas supply disruptions. This coupled with the awareness of effects

of increased carbon and greenhouse gas emissions on global warming, has thrust renewable

energy into the limelight. The primary source of all the energy on earth is the sun, both

directly and indirectly. Improved harnessing of this resource directly would be a step closer

to cleaner, affordable and to an extent, a reliable energy source.

Photovoltaic cells (also called solar cells or PV cells) are devices that convert certain wave-

lengths (less than 1100nm) of the sun’s radiation directly into electricity. There are various

solar cell technologies available currently but the silicon wafer-based PV are the most in-

stalled and with the largest market share of approximately 85 % as of 2011 [1]. Silicon based

PVs are common in many parts of the world due to their relative low cost of manufacture

and the abundance of silicon element on earth.

Researchers have strived and continue to work in developing PV cells that are affordable

and efficient, that is, as much of the incoming light is utilised as possible in the production

of electricity. There is also work on increasing the longevity of the cells and modules. In

this thesis work, two silicon based PV technologies will be studied under climatic conditions

found in Central Finland. Central Finland is located above the 60th north latitude. The pho-

tovoltaic systems being investigated are located in Jyväskylä and Saarijärvi. Polycrystalline

silicon technology was used in the photovoltaic array in Jyväskylä while heterojunction with

intrinsic thin layer technology was used in Saarijärvi photovoltaic system. The Saarijärvi PV

system has two subsystems with the same PV technology but differing array topologies. The

details of both sites are given in the next section while a full system description is given in

the methodology chapter. Both systems have been running for more than three years with

data collection done concurrently. The Saarijärvi PV system has been running for four years

longer than the Jyväskylä PV system.
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Figure 1: The label ’A’ is the position of Saarijärvi while the bold dot is Jyväskylä [2].

1.1 PV systems locations

A PV system is made up of multiple components namely: PV array, inverters (Balance of

systems), wires and cables and in some cases a monitoring system and/or battery storage.

The main focus for this research is the PV array and to some extent the inverter will be

discussed but not in detail. Figure 1 shows the locations of the two PV systems under study.

The polycrystalline PV system is located in Jyväskylä on the rooftop of the Agora building

of the University of Jyväskylä at a latitude of 62.2 °N and at an altitude of 95m. The HIT1

PV system is located in Saarijärvi on the rooftop of a local school building with a latitude of

62.7 °N and at an elevation of 129m. At these latitudes, the solar hours per day vary from

as little as 4 hours to 20 hours depending on the time of year. In addition, both locations

1Heterojunction with intrinsic thin layer
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experience snow fall and temperature drops of as low as -30 °C in the winter.

In reference to Köppen-Geiger climate classification, Finland is classified as Dfb and Dfc.

Dfb means that for 4 months in a year the temperature is above 10 °C but below 22 °C while

Dfc means the coldest month has temperatures above -38 °C but cannot fall into Dfb category

which is cold without dry season and with warm or cold summer depending on location [3].

Central Finland is classified Dfb. The classification helps in gaining a general idea of the

ambient temperatures to be found in Central Finland. The ambient temperature is a factor

that influences the performance of the photovoltaic systems as we shall see later on in chapter

four.

1.2 Objective

A long term performance analysis of the PV systems under climatic conditions found in

Central Finland will be done using data collected over a minimum of three years. This will

show how much electricity the PV systems have produced and at what efficiency. The main

objective of this study is to find the degradation rate of the photovoltaic systems in Jyväskylä

and Saarijärvi using the analysed data. The purpose is to find out if the PV systems are

deteriorating and if so, at what rate.

In addition I shall make a comparative study between the two photovoltaic technologies. The

purpose is to find out which of the two technologies works better under the field conditions

in Central Finland. I shall compare the two different configurations or topologies at the

Saarijärvi site to establish if array topology has an influence on electric power production.

1.3 Thesis outline

In chapter two, a general overview of the photovoltaic technologies to be studied, that is the

polycrystalline and heterojunction with intrinsic thin layer. I will discuss the current status

of PV in the world, followed by a literature review on degradation of photovoltaics. I will

also touch on the warranties and guarantees and relate it to the topic of degradation.

In chapter three, the methodology used in analysing data will be introduced. Additional in-

3



formation on the PV systems will also be provided. Afterwards, how the data was processed

and the results and discussion will be given in chapter four.

The final chapter will present the conclusions that were found and recommendations will

also be given.
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2 Literature Review

2.1 Photovoltaic technologies

2.1.1 Polycrystalline silicon (p-Si)

Polycrystalline or multicrystalline silicon is the name given to silicon crystals of a certain

grain size. It was defined by Basore [4] as having a grain size of less than 1mm but greater

than 1µm. The processing technique used in making polycrystalline differs from single crys-

talline silicon (c-Si). In conventional c-Si, the wafers are cut from a single crystalline ingot

that has been grown whereas p-Si are made from melted and moulded silicon. The differ-

ence in processing results in less material wastage in p-Si production but less orderly crystals

being produced. Hence p-Si cells are cheaper to manufacture than c-Si wafers because the

production technique is faster when using less orderly placed crystals. The result is lower

cell efficiency in p-Si than c-Si. However, this does not diminish the appeal for p-Si. Figure

2 is a microscopic illustration of the p-Si.

Figure 2: Regions of crystalline Si separated by ’grain boundaries’ where bonding is irregu-

lar. Adapted from Applied photovoltaics [5].

Polycrystalline silicon cells have been viewed as the low cost alternative to c-Si cells since

1980’s. However because of their low efficiency they did not attract much attention from

investors and manufacturers until in 1990’s when a cell efficiency of 35 % under laboratory

conditions was announced [6]. The production and installed capacity has been on the rise

ever since.
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Figure 3: The structural difference between a conventional c-Si and HIT solar cell [7]

The p-Si cell takes on a shimmery appearance in the light because of the irregular crys-

tal bonding. The p-Si PV cells cover a greater surface area on a PV module because it

is moulded rather than sawn from a grown crystal. Hence the p-Si are usually uniformly

shaped squares or rectangles as opposed to c-Si PV cells which usually have chamfered cor-

ners. The typical efficiency of commercially available p-Si cells ranges from 12 % to 17

%.

2.1.2 Heterojunction with Intrinsic Thin layer (HIT) cells

Heterojunction with intrinsic thin layer solar cells may also be referred to as silicon hetero-

junction solar cells. This type of cell is classified as a hybrid solar cell. Developed by Sanyo

company in Japan in 1992, it is made up of thick and thin layers of material. Figure 3 shows

the structural difference between a conventional c-Si and HIT which is in the number of lay-

ers and the make-up of the layers. HIT has a c-Si n-type bounded by a very thin amorphous

silicon layers.

The aim of the multi-junction structure is to increase the cell efficiency and to lower manu-

facturing temperatures to around 200 °C which reduces the silicon degradation during con-

ventional processing (>800 °C) [8]. In addition there are savings on energy costs during

manufacturing. Sanyo claims that less materials were used in making the PV cells since

HIT are thinner by 150µm than conventional silicon solar cells [9]. The intrinsic amorphous
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silicon layer offers contact to both sides of the c-Si, while providing passivation and extra

stability to the system [10]. Passivation is defined as growth of an oxide layer on the sur-

face of a semiconductor to provide electrical stability by isolating the transistor surface from

electrical and chemical conditions in the environment. This reduces reverse-current leakage,

increases breakdown voltage, and raises power dissipation rating [11].

HIT are better known for their relatively higher cell and module efficiency as compared to

conventional monocrystalline. In 2009, Sanyo announced that it had achieved a conversion

efficiency of 23 % and were researching into bifacial modules [12]. In the field, HIT has been

noted to perform better than most other technologies. In France, HIT was noted to perform

exceptionally well [13]. Using performance index as a performance measure, Leloux et al.

[13] reported HIT having a performance index of 88.7 % while other c-Si ranged from 79.3

% to 87.9 %. Sasitharanuwat et al. [14] reported the HIT had the highest efficiency and

the least module temperature for the same irradiance level of three technologies that were

being investigated. The other two technologies are p-Si and amorphous silicon. The same

result was also found in India with the same three technologies tested [15]. What would be of

interest is the performance of the HIT in a location like Central Finland where unlike France

and Thailand, the irradiation and ambient temperature are comparatively lower.

HIT cells have a darker and more uniform look when compared to p-Si cells. HIT cells in

a module often do not occupy as much space as the p-Si cells. In general, commercial HIT

cells are more efficient than p-Si with cell efficiency ranging from 16 % to 21 %.

2.2 Current status of photovoltaics

Manufacturing and installed capacity of PV systems have increased significantly over the

past 12 years. In 2000 the PV installed capacity was less than one GWp
1 and it grew to 70

GWp by the end of 2011 [1]. Currently, the country with one of the highest growth rates in

manufacturing is China. Typical factors contributing to increased dissemination of this form

of renewable energy are:

• The reduced cost of manufacture due to improved manufacturing techniques.

1Gigawatt peak power
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• Research and innovation has increased the application of the solar cell and module.

An example is solar chargers for laptops and mobile phones; street lamps powered by

solar panels;

• Public awareness of environmental pollution and protection.

• Government initiatives towards energy independence. Concurrently, reducing their

carbon emission especially countries who have signed the Kyoto protocol.

• Introduction of feed-in tariffs in some countries have caused an increase in the installed

capacity. For example in Israel between 2008 and 2011, capacity went up by 130 MW

[1].

In light of the nuclear disaster in 2011 at Fukushima Daiichi, governments such as Germany

have planned to phase out their nuclear power plants by 2022 [16]. The energy difference

is going to be filled by other energy sources such as solar. In addition, previous experience

with oil supply disruptions and price fluctuations makes the push for renewable energy even

stronger.

Although solar power use is on the rise, it still is not yet cost competitive to other forms

of energy. Traditional energy sources such as fossil and nuclear energy have been cheap to

produce per kilowatt hour. However their prices are predicted to be on the rise as the amount

of oil and uranium supply decreases due to finite resources. The price of solar electricity has

been on the downward trend for the past decade because of government support in form of

subsidies and tax exemptions, reduced manufacturing costs and improved module efficien-

cies. However, more informative data needs to be presented on field-tested systems. Studies

of how long a PV system can be viable, how much electricity it can produce during its life

time and performance at various climatic conditions will give confidence to financiers on re-

turn on investment, which will lead to greater capital access for home owners and companies

who would want to switch to a green source of energy.

2.3 Performance characterisation

At a consumer level, certain questions require answers. These questions are such as: how

much electricity can I get out of a PV system; how much does the system cost; what is

8



the efficiency and how long will the system payback time be. Many manufacturers have

provided the answers to most of these questions. However, answers to some of the questions

are not satisfactory especially when comparing two or more systems of different technology,

in different locations and of different sizes.

To make comparison easier, a guideline for assessing, analysing and presenting data was

published in 1995 by the institute for systems engineering and informatics which is part of

the European Commission’s Joint research centre (JRC) in Ispra, Italy. The aim of the guide

was to standardize reporting of data from PV plants. A key factor in the guide is the use of

normalised energy which is the ratio of the energy output to the peak power capacity of the

PV plant or reference solar irradiation (in the case of solar energy) over a given period such

as a day, month or year. Normalising energy is convenient in analysing systems [17]. The

performance indicators that were established will be presented in detail in section 3.3.

It should be noted that the performance indicators developed by JRC are not universal. In

the US, the long term performance analysis is done with Photovoltaics for Utility Scale Ap-

plication (PVUSA) rating analysis. As a result many publications from Europe often use

performance ratio (PR) while the ones from United States of America use PVUSA rating.

Other parts of the world may use PR or normalised energy without necessarily using termi-

nology defined by the JRC. In some instances, both PR and PVUSA are used to compare the

same system [18, 19]. Marion et al. [19] presented that the degradation rates calculated using

the PR and PVUSA were not different in value and also pointed out that the PR is useful for

identifying existing issues. For this reason, change in PR value would be a useful indicator

of degradation in a PV system.

2.4 Degradation

Degradation affects the performance of the PV system in terms of its efficiency, the life span

and the quality of the energy output. A material is termed as degraded when its properties

have been eroded or worn out physically and/or the chemical complexity has been reduced

[20]. Degradation may occur by physical and/or chemical modes. Chemical degradation

occurs through chemical reactions of the materials such as rusting of the support structure or
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yellowing of the laminate on the solar module. The effects are often irreversible. In physical

degradation, the interaction of two physical entities causes the degradation. An example of

a physical degradation is bulking of an array support structure due to the weight of the PV

modules.

According to Edson and Dyk [21], the main modes of degradation are: front surface soil-

ing; optical degradation; cell degradation; mismatched cells; light induced degradation and

temperature induced degradation. The majority of the degradation modes are inevitable due

to the exposure of the system to the weather elements. Considering the location of the PV

systems, during winter, snow cover on the PV array causes front surface soiling and if left to

accumulate may exert weight on the array panels and structure. In the summer, light induced

degradation is more prominent than in the winter.

2.4.1 Degradation measurement methods

Several analytical methods have been used in various papers [18, 22–25] to quantify degrada-

tion. The methods used to describe the degradation rate of PV systems include I-V (current-

voltage) measurements, performance ratio analysis (least square fit, classical decomposition,

moving average) and Photovoltaic for utility scale applications (PVUSA).

Each method has merits and demerits. Performance ratio and PVUSA use continuous data

for analysis while I-V curve use data that is periodically measured. I-V is best done under

predetermined set conditions or STC2. Emery [26] discussed some of the disadvantages of

I-V measurement. He points out that variation in reference cell calibration, correction for

spectral variation can affect the measurements. He further questions the accuracy and re-

peatability of the I-V measurements. Although, much improvement has been done since the

publication of this study, still some questions arise such as the PV cell area definition and

whether from simulator to simulator the reference cell is calibrated according to a common

standard. Another disadvantage is the cost. It is expensive to rent a solar simulator that can

measure modules or arrays. I-V curve tracers used in the field are useful in fault detection

but not accurate in long term degradation rate determination. Furthermore, many of the re-

2Standard Test Conditions
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ports published using the I-V curve method use one or two readings and compare it with the

manufacturer’s specifications at STC and not with first time readings from the system after

installation. This produces significant errors [27]. In the PVUSA analysis, the calculations

are relatively more complex than PR calculation because the former takes into account irra-

diation, windspeed and temperature while the later does not take account the temperature or

windspeed. For the purpose of this study, I shall use the performance ratio for analysing the

PV systems.

The determination of a suitable duration required for a PV system to be monitored in order

to get an accurate degradation rate and the type of method to analyse data is continuous. As

technology is being developed, manufacturers and researchers want to use less time to test

before launching a product. Apart from accelerated tests, field tests are used to deteremine

degradation rates and are considered to be the closest to real application situations. Os-

terwald et al. [28] suggested that the adequate period to determine an acceptably accurate

degradation rate should be no less than three years. Jordan and Kurtz [24] further reiterated

this by stating that complete observation cycles (3 to 5 years) were required to get accu-

rate degradation rates. In addition, they concluded that ARIMA (AutoRegressive Integrated

Moving Average) method of analysing data was the most robust in comparison to classical

time series decomposition and linear fit to adjusted data. ARIMA takes into account seasonal

variations, data shifts due to changes within the hardware and it is also not over-sensitive to

outlier data. Dunea et al. [29] succesfully used ARIMA in the forecasting energy output and

found it useful for analysis. It is the work by Dunea et al. that helped Jordan and Kurtz [24]

to consider ARIMA as a statistical method to analyse time series data.

2.4.2 Significance of degradation studies

Degradation of all machines and structures is inevitable but the rate at which the degradation

takes place is of importance. Knowing the causes and devising preventive measures help the

PV systems to last a longer time and increase their reliability. The research into degradation

has far reaching implications beyond just the realm of the energy production. An example

is the warranty period, which depends on the degradation rate of the PV panel which is

linked to accessibility to financial capital. Singh et al. [30] asked for concrete results from
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researchers so as to increase confidence for loan applications to purchase PV panels.

With an increased number of PV systems being connected to grids, the quality of the energy

is important. Coupled with the performance and life expectancy of the system, this influ-

ences the system’s levelized cost of electricity3 (LCOE); that is used for cost comparison

between different energy sources. A thorough analysis would involve capital cost, opera-

tions and maintenance costs, fuel costs, performance, discount cost, degradation cost and

replacement cost [31]. Caution should be exercised when doing a comparison since it de-

pends on assumptions, investment conditions and technology. For PV, the initial cost of the

system and interest will be the bulk of the cost since no maintenance is done to the system.

If it is proven that the lifetime of the system is longer than the warranty, the LCOE reduces.

But for financial purposes, the manufacturers have to adjust the warranties accordingly to the

life expectancy of the PV. This will result in improved investor confidence in PVs.

2.4.3 Relationship of degradation rate with warranties and guarantees

First, we need to differentiate between the warranty and guarantee. A guarantee is usually

free and is a promise about an item by the manufacturer or company while a warranty acts

like an insurance policy for which you must pay a premium [32]. In addition, a warranty

is a legal contract but a guarantee is a promise to solve certain problems and issues. Some

manufacturers use the terms freely and interchangeably. An example is both terms are found

in the Sanyo technical datasheet and are used interchangeably while the Naps website [33],

only uses the word warranty. It should be noted that the end of the warranty period is not

synonymous to the end of the lifetime of the module.

Many PV module manufacturers offer warranties such as product, workmanship and power

warranties [9, 33]. In this study, power warranty will be considered. It ranges from 10 to 25

years for the PV systems in question. Values provided by PV manufacturers are obtained

from field studies, qualification and accelerated testing, and statistical projections. Quali-

fication and accelerated tests may not wholly be reliable. An instance was in 2006 when

PV failure was caused by electrical arcing and fires in module junction boxes due to inade-

3This is the total cost of the system divided by the lifetime of the system.
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quate soldering during manufacturing [34]. The PV modules had undergone thorough tests,

however at that time there was no testing procedure for detecting that type of fault.

The reason for this subsection is to highlight the differences between the companies when

it comes to guaranteed power after a certain period. Skoczek et al. [35] and Vázquez et

al. [36] mention many manufacturers offering warranties of 80 % of the nominal maximum

power or an equivalent of 20 to 25 years lifetime. However, some manufacturers use 80 %

of minimum output power on delivery as basis for their power warranty. This difference

leaves the consumer susceptible to being taken advantage of. In a hypothetical case if a

customer returns a Sanyo module rated at 190 W that is performing at 140 W after 15 years,

the manufacturer can claim that the company is still within its guaranteed power supply and

refuse the returned module. From the Sanyo technical datasheet [9], the maximum power

is 190 W, the warranted minimum power on delivery is 180.5 W while there is an output of

tolerance of +10/−5 %. The power warranty is for 20 years (80 % of the minimum power).

Therefore the minimum power that can be guaranteed by the manufacturer at the end of the

warranty period is:

180.5W×80%×95% = 137.18W

where 80 % is percentage of the minimum power at the end of the warranty period, 95 % is

the lower output percentage (This was found by using the lower power output tolerance of

−5 %.). This (137.18 W) is the floor value, below which the module is considered to be a

liability. It is about 73.7 % of the maximum power. The module can have a much longer

lifetime than the guarantee. It all comes down to the requirement of the end-user. For power

warranties of 25 or more years to be achieved, the degradation rate has to be less than 0.5 %

per year [36]. Estimating the lifetime of a PV is not easy. According to Skoczek et al. [35],

after 20 years of field aging, out of 204 modules only 35 had failed the warranty criteria

(90 % of maximum power after 10 years and 80 % of maximum power after 20 years). In

addition, they noted lifetime of the PV is not marked by a catastrophic failure at a fixed point

in time but rather by degradation.

Figure 4 shows increasing numbers of publication over the years and changing module

warranty periods. As the systems got older and the number of publications increased, more

information was found. The red line indicates the manufacturers’ warranty period also in-
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Figure 4: The outdoor exposure length against the year of publication of degradation rate

[27]

creasing periodically in line with the outdoor exposure period. The behaviour of the PV

systems have been documented but waiting for 30 years is not an option to determine the

degradation rate in the field. Faster and accurate ways have to be used and use of the perfor-

mance indicators and ARIMA would provide one option.

2.5 Degradation rates reported for northern latitudes

The term northern latitude, has been used for areas above the 40°N. Although Finland is

at a high latitude, the difference in global yearly irradiation (calculated using EC PVGIS4

[37]) solar resources between Finland (1054kWh/m2) and Germany (1157kWh/m2) is not

large. The main difference in the dissemination of PVs in Germany and Finland is feed-in

tariffs [37]. The colder temperatures experienced in Central Finland would be an advantage

in terms of power production because generally cell efficiency increases as ambient tem-

peratures decrease. Figure 5 shows geographical distribution of reported degradation rates

with the circle sizes indicating the number of published reports at various locations. The

majority of publications on degradation are from Japan, Central Europe, Middle East and

North America. There is only one published report from a site that has a higher latitude than

4European Commission Photovoltaic Geographical Information System
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Jyväskylä which is Nunavut, Canada (63.4 °N).

Figure 5: Geographic distribution of reported degradation rates overlaid on a Köppen-Geiger

climate map with the equator and the tropic of Cancer and Capricorn [38]

The oldest of the silicon based technologies is the monocrystalline and it has the longest

monitoring periods of all the PV types. Polycrystalline have not been left far behind in terms

of monitoring. Table 1 summarises some of the findings presented in literature for poly-

crystalline arrays. In summary, none of the papers had noted any signs of visual degradation

of the arrays. Palmblad et al. [40] went as far as conservatively stating the module looked

as a good as new after 22 years of service. So far there has been no paper encountered that

reported the performance of a polycrystalline array or system at a latitude above 62°N.

The relatively young age of the HIT means that long term monitoring such as those seen for

mono and polycrystalline panels have not been encountered. Jiang and Lim [43] reported

PR value of 0.75-0.8 and array efficiency between 14.6-15.1 % but no degradation rate since

it was only for a one year period and the location was Singapore (1.35°N). Makrides et

al. [18] presented degradation rates for different PV technologies. They reported that HIT
5Verma et al. state the polycrystalline was performing within 90 % of the rated power in the 10th year.
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Table 1: Locations of p-Si systems and reported degradation rates

Location latitude Altitude

(m)

Monitoring

period

(years)

Method of evalu-

ation

Degradation

rate

Ispra, Italy

[39]

45.8°N 220 20 I-V 4.42 % in 20

years

Huvudsta,

Sweden

[40]

59.4°N 17 22 I-V 2.0 % in over 22

years

Casaccia,

Italy [41]

44.4°N 925 10 Array efficiency

trend line

0.4 % per year

Grimstad,

Norway

[42]

58.1°N 33 10 I-V Not stated ex-

plicitly5

had a first year degradation of -4.73 % and subsequent degradation of -0.10%/year. For the

multicrystalline PV, the degradation rates were higher for the first year period as compared

to three-year period with values of -2.40 %/year to -1.47 %/year and -0.06 %/year to 0.01

%/year, respectively. The method used was PR and PVUSA with outage and irradiance filter-

ing (>800W/m2). The site was in Cyprus (35°N). So far no paper was found that presented

long term field test performance of HIT at latitude above 60 °N.

Its worth noting that many of the research papers reporting performance use the I-V charac-

teristic as a measure of the performance of the module.

2.6 Effect of location and climate on the PV system performance

Central Finland has low solar insolation (in comparison to the tropics or Central Europe),

low average temperatures and snow fall between 60 cm and 90 cm at its deepest. With these

factors, a PV array that works well in low irradiance and inverter that has good conversion

efficiency at low partial load is recommended.

16



In cold conditions, PV cells work better because the heat generated in the cells is dissipated

away faster. The electrons vibrate less and the bandgap energy increases. This has the effect

of reducing the short circuit current but increasing the open circuit voltage. The magnitude

of the voltage change is much greater than that of the current change. Ultimately, the fill

factor6 is improved and the maximum power greater. Ross and Royer [44] state that peak

power and open-circuit voltage for most types of modules tend to improve by approximately

0.3 % to 0.5 % for every degree Celsius drop in cell temperature.

Rarely does the field conditions match STC which are ambient temperature of 25◦C, wind

speed of 1ms−1 and 1000W/m2 irradiation. Field conditions in Central Finland are charac-

terised by low irradiance level therefore the amount of power produced would not frequently

reach the peak energy value. At low irradiance, the requirement of having an inverter that

has minimum start up losses is of importance. Fig. 6 shows the efficiency curves for three

different types of inverters as plotted by Notton et al. [45]. The curves show the differences

in the three inverters at varied partial loads of the inverters. Type 1 has the largest start up

loss while type 3 has the largest load loss. Type 2 is the most ideal with the least start up

and load losses. Although, type 2 is the best, selecting an inverter involves more than just

efficiency but also cost. For instance, if a large percentage energy into the inverter is at

low partial load then using type 3 would be adequate at the expense of good performance at

higher partial loads; if type 3 is cheaper than type 2. The inverter efficiency would influence

the final output power so the inverter selection is important.

There is a temptation of having undersized inverters to save on costs when the amount of

irradiance level is low. But Burger and Rüther [46] point out that undersizing may result in

energy losses especially with PV technologies with high temperature coefficients of power

operating at sites in cold climates.

In summary, the literature review has presented the background information required and

now the technique or method used to process and analyse data will be presented in the fol-

lowing chapter.

6Fill factor is the ratio between the maximum achiveable power of the solar cell/module to the product of

its open circuit voltage and short circuit current.
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Figure 6: Inverter efficiencies of three different types [45]
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3 Methodology

This chapter contains the description of the PV systems, data recording formats and methods

used to analyse the data.

3.1 Description of PV systems

3.1.1 Agora photovoltaic system

The Agora building is situated in the Mattilanniemi campus of the University of Jyväskylä.

Mounted on its roof on one rack are 20 Naps NP130GK photovoltaic modules each contain-

ing 36 polycrystalline silicon cells. The modules are connected in series. The array is free-

standing, inclined at 40° and south facing. The system is grid-connected through a Sunny

Boy SB-2500 inverter. The array did not have any visible degradation upon inspection. Table

2 below shows a summary of the system.

Table 2: Summary of the Agora PV system [47].

System name Agora PV system

Technology Polycrystalline silicon

Manufacturer and model Naps systems Oy, NP130GK

Date of installation Fall 2008

Starting date of data collection 17th June 2009

System size (W) 2600

Area (m2) 19.83

Number of modules 20

Module efficiency ( %) 13.1

Nominal module maximum power (W) 130

The Sunny Boy SB-2500 inverter has a maximum efficiency of 94.1 % or 93.2 % Euro-eta1

efficiency [48]. It has a maximum AC apparent power output of 2500VA and nominal power

1This is a performance criterion for inverters.
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Figure 7: A photograph of the Agora polycrystalline PV system.

output of 2300 W [48]. The inverter is connected to a Sunny Boy Control datalogger. There

was no maintenance done on the solar panels during its operation including snow clearing in

the winter.

The ambient temperature is measured using a thermometer located on the back support struc-

ture of the array (Figure 8(a)) while the cell temperature is measured using a thermocouple

attached to the back side of the PV module as shown in Figure 8(b). The solar irradiance

is measured using a reference cell that is located on the same plane as the array. The ther-

mometer, thermocouple and reference cell are connected to the Sunny Boy Control.

3.1.2 Saarijärvi photovoltaic system

The PV system in Saarijärvi is mounted on a local school’s roof and it is also free-standing.

The Saarijärvi PV system has HIT Sanyo solar modules connected to two subsystems: (ss1)

27 modules with three parallel strings each containing nine modules in series with a total

power rating of 5130 W and (ss2) six modules in series and a total power rating of 1140
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(a) Thermometer.

(b) Thermocouple.

Figure 8: (a) The thermometer was used to measure the ambient temperature and (b) the

thermocouple was used to measure the cell temperature of the Agora PV system, respectively.

W.2 Each of the subsystems were connected to different inverters. Figure 10 shows the

configuration of the PV system. The inverters used were Fronius IG: the smaller of the

two subsystems was connected to Fronius IG 15 with maximum efficiency of 94.2 % and a

European efficiency of 91.4 % [49] while the larger subsystem was connected to a Fronius IG

60 with a maximum efficiency of 94.5 % and European efficiency of 93.5 %. Like the Agora

PV system, this system did not undergo regular maintenance. Table 3 shows a summary of

the system.

Ambient & cell temperatures, wind speed and irradiance were measured using Fronius PT

1000 temperature sensors, cup anemometer and monocrystalline Si-sensor (irradiance), re-

spectively. These devices were connected to a sensor card located in the Fronius IG1 (in-

verter: Fronius IG 60).

The system has encountered a number of data interruptions. Approximately 270 days worth

2Often the installed power is calculated using the minimum power upon delivery which is about 95 % of

the maximum rated power. For the sake of uniformity in analysis, I have used maximum rated power only.
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Table 3: Summary of the Saarjärvi PV system.

System name Saarjärvi school PV system

Technology HIT

Manufacturer and model Sanyo, HIP-190NE1

Date of installation Fall 2005

Starting date of data collection 7th October 2005

System size (W) 6270

Area (m2) 37.95

Number of modules 33

Module efficiency ( %) 16.5

Nominal module maximum power (W) 190

Figure 9: The PV system on the roof of the local school building in Saarijärvi [50].

of data is missing. The years for which data was lost were 2007, 2008, 2010 and 2011. In

2007 and 2008, the computer monitoring the system crashed and data recorded for approxi-

mately 190 days was lost. In 2007, the data was lost in late spring and summer when the PV

system is usually most active. All the years except 2009 and 2012, have seen also inverter

errors which have compromised data recording and a further 80 days were lost.
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Figure 10: The topology of the Saarijärvi PV system.

3.2 System monitoring

The PV monitoring was done in accordance with the IEC 61724:1998 standard [51]3. The

recorded parameters were used in calculation of performance indices as shown in Section

3.3. A brief description of what parameters were recorded and how they were recorded is

given for each PV system is given in the next two subsections.

Agora PV system

Data recording began on 17th June 2009 and the parameters recorded were: date/time; solar

irradiance; cell temperature, ambient temperature; voltage & current from array; voltage &

current to grid; power to the grid; energy to the grid; AC frequency and status. Initially the

data was recorded at 15 minute intervals then on 27th June 2009, the interval was shortened

to one minute. The reason for reducing the interval was to increase the number of readings.

Data samples were taken every ten seconds and the average over one minute was written to a

file in the computer. The data was only recorded when the system was producing electricity.

Data was stored in csv (comma separated variables) format and each day was stored in its

own file. The computer used to monitor the system was located on site in a room adjacent to

3The BS EN 61724:1998 is based on the IEC 61724:1998 for which was adopted by the European Union

under the standard name EN 61724:1998. It has not been altered, just translated to English.
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the PV array and it was a stand-alone PC.

Periodically the data was collected by university staff and stored in a database. The Agora

PV system has worked well with only two interruptions which occurred on 22.06.2009 from

11:15 to 14:15 and 18.12.2011 to 21.12.2011. Both occasions were due to inverter error.

The second interruption had little bearing on the performance of the system since it occurred

during the period of the shortest daylight period of the year.

Saarjärvi PV system

The Saarijärvi PV system is older than the Agora PV system. The data recording began 7th

October 2005. The data recorded was saved on a mySQL database for remote access. For the

purpose of this thesis, the parameters that were extracted from the database were date/time,

irradiance, cell & ambient temperatures, array voltage & current for both sub-systems and

power to grid. Unlike the PV system in Agora, this system recorded data 24-hours a day all

year round. Like the Agora system, the data was initially recorded every 15 minutes, then it

was reduced to 10 minutes on 28th February 2008. The reason for the 10 minute intervals is

the minimum allowed data recording interval allowed by the Fronius datalogger.

3.3 Performance indices

There are many ways of evaluating the performance of a system. One of the methods is to

use yields, performance ratios and losses. There are three types of yields namely; reference,

array and final yields. All three are normalised energy values and have the basic unit of hours.

As previously mentioned, these variables enable comparison of PV systems regardless of

technology, location or size. The performance ratio and losses are derived from the yields.

3.3.1 Reference yield

The reference yield can be described as the number of sun hours at reference irradiation

equivalent to the in-plane solar energy for an entire day. According to the IEC 61724:1998
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standard [51], the equation required to calculate the daily reference yield is:

Yr =
τr× (∑day GI)

GI,re f
(3.1)

where Yr is the reference yield,τr is the recording interval (h), GI is the in-plane irradiation

on the module (W/m2) and GI,re f is the reference irradiance of 1000W/m2. The sum is over

a period of a day. The unit of the reference yield is Wh/m2
/

W/m2/d. I reduced it to hd−1

where h is hours and d is day.

3.3.2 Array yield

A group of connected solar modules make up an array. The energy produced by this array is

normalised by the nominal power of the array. In this study, the rated nominal power for the

modules were used to get the peak power of the arrays. For this thesis, nominal power refers

to the maximum rated power for a module as described by the manufacturer. Array yield is

the amount of hours the array would operate at its rated nominal power to produce the same

amount of energy in a day. The daily array yield is given by:

Ya =
τr× (∑day Pa)

Po
(3.2)

where Ya is the array yield, Pa is power from the array (W) and Po is rated nominal power

(W). The sum is over a period of a day and the unit of measure is hd−1.

3.3.3 Final yield

The power from the array can be stored in batteries, supplied to a building or fed to a wider

electricity grid. The last two options are done via an inverter. The final yield is a product

of the array yield and the load efficiency. In this case, it is the same as the ratio of the daily

energy to the grid to the rated nominal power:

Yf =
τr× (∑day Ptu)

Po
(3.3)

where Yf is the final yield and Ptu is power to the grid/utility (W). The sum is over a period

of a day and the unit of measure is hd−1.
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3.3.4 Performance ratio and losses

The performance ratio is the ratio of the final yield to the reference yield. This is different

from efficiency since it takes into account the available solar resource and not power output

at STC:

PR =
Yf

Yr
(3.4)

where PR is the performance ratio. This is a dimensionless variable. The performance ratio

will be used to determine the rate of degradation in conjunction with ARIMA, which is

described in the next section.

The losses are of two types: the capture loss and the system loss. The capture loss is the

difference between the reference yield and the array yield. It describes the amount of energy

lost in solar conversion in terms of time. Losses can occur through heat, array inefficiencies

(cell mismatch, degradation of laminate) or module surface soiling. The capture loss can be

described mathematically as follows:

Lc = Yr−Ya (3.5)

where Lc is the capture loss. Units is hd−1.

The system loss covers all losses after the array to the utility. Thus it is the difference between

the array yield and the final yield. Losses may be due to DC/AC conversion, wire resistance

and inverter threshold. The equation for the system loss is:

Ls = Ya−Yf (3.6)

where Ls is the system loss. Unit is hd−1.

3.4 ARIMA

ARIMA is the acronym for AutoRegressive Integrated Moving Average. It was originally

proposed by Box and Jenkins in 1970 [52]. It is also referred to as the Box-Jenkins model.

It is a statistical tool used to analyse time series data and is commonly used in econometrics.

ARIMA process checks present data in relation to past data and this can be used to deter-

mine the possible outcome in the future. It is robust in the sense that it can handle outliers
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(data outside the normal range), missing data and noise. For the data obtained from the PV

systems, when the parameters are plotted against time, it is expected that a seasonal element

to the data will be observed also outlier values.

ARIMA has been proposed for analytical work by Jordan et al. [24] based on its success to

model solar radiation data and grid connected PV power production. The ARIMA model is

described by the following equation:

φ(B)∇dzt = θ(B)at

where φ(B) is a stationary autoregressive operator, ∇ is the differencing operator, d is the

difference, zt is an autoregressive process of a given order, θ(B) is a moving average process

of a given order, B is a backward shift operator and at is a purely random process with mean

zero and variance σ2
z [52, 53].

ARIMA model can also be described in terms of (p,d,q) where the p,d and q are the au-

toregressive, integrated and moving average orders. A more detailed description of how to

calculate the orders can be found in the books by Box [52] and Chatfield [53]. For the purpose

of this study, a basic understanding was required and with the help of statistical software, the

orders were calculated.

The solar resource follows a seasonal pattern and thus it may be inferred that the recorded

data would follow a similar pattern. Therefore it would be appropriate to use a seasonal

ARIMA (SARIMA) for modelling. The SARIMA model is described in two parts (p,d,q)×

(P,D,Q)period where the first part is the non-seasonal terms while the second is the seasonal

terms. The period to be specified is the number of intervals; for example, ’7’ for daily data

in a week, ’52’ for weekly data in a year or ’12’ for monthly data in a year. For this work, I

used R statistics software to calculate the SARIMA data fitted values and also used a built in

function that generated SARIMA non-seasonal and seasonal order numbers, that is, p,d,q,P,D

and Q. The SARIMA model was used to get ‘ARIMA’ equivalent data from the performance

indices.
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3.5 Data analysis

The Agora and Saarijärvi systems began data monitoring from months in the middle of the

year. Since both of them were older than the recommended minimum age of three years for

evaluation to be done, I decided to start analysing the data for both systems at the beginning

of the next respective calender years. This was to enable analysis of the system with full

cycles. As earlier stated, the Saarijärvi system has two subsystems with differing topologies

but the same PV technology. A separate analysis of the two subsystem was done to check

if there is a marked difference in the behaviour of the subsystems. The csv files for both

systems were read and data extracted using Matlab. Due to the different formats within the

files, different Matlab codes were written. The programs can be seen in the appendix section

A.

The number of hours that the PV system was monitored was calculated and the value was

noted. This was done by setting the commencement date at the beginning of a given year

and end date at the last day of the year in the reporting period. Next, data was filtered using

some exclusions such as cut-in irradiance for each system. For the Saarijärvi system, data

with no array power was also excluded.

To calculate the energy produced by the array, the following formula was used:

EA = ∑
τm

(Upv× Ipv× τr) (3.7)

where EA is energy from the array (Wh), τm is the monitoring period (h), Upv and Ipv are the

voltage (V) and current (A) from the array, respectively. τr is the recording interval (h). The

energy of the array is the summation over the monitoring period.

The grid energy and in-plane solar energy were determined in a similar manner:

Etu = ∑
τm

(Ptu× τr) (3.8)

ES,A = ∑
τm

(GI×AA× τr) (3.9)

where Etu is energy to the grid (Wh), Ptu is the power to the grid (W), ES,A is the in plane

solar energy (Wh), GI is the irradiance per square unit (W/m2) and AA is the area of the array

(m2). Both equations are summations over the monitoring period.

28



The temperatures and irradiance were averaged over a day when performing time series

analysis. It should be noted that average values for some days from the Agora PV system

could not be obtained since it only recorded when the system was on:

Tmean =
∑day T

∑day τr
(3.10)

GI,mean =
∑day GI

∑day τr
(3.11)

where Tmean is the average temperature (°C per day) and T is the instantaneous temperature,

GI,mean is the average irradiance per day and GI is the instantaneous irradiance. The unit

used for irradiance per day is W/m2 d.

The average values of the irradiance and the temperature is only for periods when the systems

are producing power. The temperatures were neglected when there was no sunlight or power

production.

For the energy balances of the PV systems, the equations to calculate them were obtained

from Blaesser and Munro [54]. The monitoring fraction was found as follows:

M =
tM
τ

(3.12)

where M is the monitoring fraction, tM is the total time of monitoring activity (h) and τ is

the reporting period (h). In this case, τ is three years for the Agora PV and seven years for

the Saarijärvi system. The monitoring fraction shows how long the system has been under

observation within a given reporting period. For instance, if a system has 24 hour recording

over the whole reporting period, the monitoring fraction would be one.

The outage fraction sums up the number of hours when the system was not available due to a

fault in the system. The Agora system had a status column in the csv file to show if there was

a fault detected. For the Saarijärvi system, the number of hours in which there was missing

data was presumed to be equivalent to the outage hours. The following equation was used:

O = ∑
τ

tNAV

τ
(3.13)

where O is the outage fraction and tNAV is the duration which the system is unavailable (h).
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The mean daily irradiation on an array plane is taken as the product of the sum of the total ir-

radiation over the reporting period and 24 hours. The result is divided by the total monitoring

time. The unit is Wh/m2 d. The following equation was used:

[Wh/m2d] = 24.tr ∑
τ

GI/tM

 τ if M = 1,

tM if M < 1.
(3.14)

where 24 is the number of hours in a day, tr is the recording interval (h) and tM is the total

monitoring time (h).

There is no power that is drawn from the grid to run the system with the exception of the

computers that are recording the data. During the analysis, the computer has been assumed

not to be part of the PV electricity generation system. However, this should be considered in

future works when analysing the PV system in its totality.

The array, system and inverter efficiencies are all ratios of inputs to outputs. The array

efficiency is the ratio of the array power output to the in-plane solar energy while the system

efficiency is the useful power output (whether to the grid or battery) to the in-plane solar

energy. The inverter efficiency is the ratio of the energy out of the inverter to the energy into

the inverter. The three equations can be described as follows:

ηA,mean =
EA,τ

ES,A,τ
(3.15)

ηtot =
Euse,PV,τ

ES,A,τ
(3.16)

ηI =
Eio,τ

EII,τ
(3.17)

where ηA,mean, ηtot and ηI are the efficiencies of the array, system and inverter, respectively.

EA,τ is the energy from the array during the reporting period (Wh), ES,A,τ is the solar energy

in-plane to the array (Wh), Euse,PV,τ is the useful energy contributed by the PV during the

reporting period (Wh), EII,τ is the energy into the inverter (Wh) and Eio,τ is the energy out

of the inverter (Wh). For this system, it was assumed that losses between the array and the

inverter and the inverter to the grid were negligible. Therefore EII,τ is equal to EA,τ and

Euse,PV,τ is equal to Eio,τ .

All the equations (3.7-3.17) were used in Matlab to obtain values for different performance

parameters.
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In the analysis of effect of irradiance and cell temperature on performance indices, the year

2012 was selected as the base year because both systems in Agora and Saarijärvi did not

have any missing data for that year. The values of the irradiance and cell temperature values

were averaged over 10-minute periods and used in the analysis. Normalised values of array

efficiency and inverter power were obtained by dividing by the module efficiencies at STC

and rated power output, respectively.

Using curve fitting toolbox in Matlab, data for smoothed curves were obtained. The scatter

plots and the smoothed curves were plotted using Originlab. Equations of polynomial curves

were obtained and general trends could be established. The rate of change of array efficiency

with respect to cell temperature could be calculated using the equations of the curves.

The ARIMA model values were obtained using R. First, weekly PR values were calculated.

This was done so as to obtain as many values as possible in order to improve accuracy. The

in-built forecast package, auto.arima, was used to find the order values (p,d,q,P,D,Q) of the

ARIMA. The order values were used to obtain new values that can be called PR-ARIMA

values. The PR-ARIMA values and raw PR values are stored in a mat file which were

exported to Originlab for plotting. In Originlab, linear lines of best fit are drawn for both the

PR values and the PR-ARIMA values. The equations from the lines and standard deviations

are used to calculate the degradation rate.
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4 Results and discussion

In this chapter, the results obtained from the two sites are presented. The performance indices

over time and the effect of two factors, namely: temperature and irradiance, are presented

and discussed. This will lead to degradation rate analysis.

4.1 Energy balances

4.1.1 Agora PV system

The guidelines used for analysis and presentation of data were published by the Joint Re-

search Centre (JRC) [54]. Tables 4 and 5 show summaries of energy balances, climatic data

and other performance parameters.

The monitoring fraction shown in Table 4 is less than 50 % because data recording only oc-

curred when there was sufficient light or when the system was producing electricity. There-

fore during the night hours and winter months no data was written. This also explains why

the daily irradiation levels are much higher than those in Saarijärvi which will be presented

in the next section 4.1.2.

So far the system’s mean performance ratio is 0.83. The overall inverter efficiency is the

same as the maximum efficiency and higher than the Euro-efficiency (93.2 %).

In the stacked graph (Fig. 11), during the months corresponding to January, November and

December (Taking 1,13 and 25 to represent January), there are low yields due to low light

conditions. In the period of February and March, there is high capture loss compared to the

final yield due to partial snow cover on the array.

March and April show a reduction in the capture loss and a small increase in the system loss

(the green colour). This happens when the snow melts from the array surface, the ambient

temperatures are still low, the irradiance levels are increasing and the day length is increasing.

The residual snow on the ground reflects light thus increasing the irradiation on the array.

The system loss occurs between the array and the grid. The cause may be inverter loss or
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Table 4: Summary of energy balance of Agora PV system

Agora

Energy balances

Technology: p-Si Period: 1/1/10-

31/12/12

Nominal power, Po[kWp]: 2.6 Total Array Area, A[m2]: 19.83

Total time of monitoring, tm[h]: 11,984 Monitoring fraction, M: 0.46

Outage fraction, O: 0.00035

Climatic data

Recorded total solar energy in array plane, ES,A [kWh]: 57,894

3 Year mean daily irradiation in array plane,[kWh/m2/d]: 5.85

System balances

Total array output energy, EA[kWh]: 6698

Energy supplied to utility grid, Etu [kWh]: 6307

Energy drawn from utility grid, E f u [kWh]: 0

Energy from back-up generator, Ebu [kWh]: 0

Total energy to DC or AC loads, [kWh]: 0

Total input energy, Ein [kWh]: 6698 PV_Fraction, FA: 1

Useful energy Euse [kWh]: 6307 Euse,PV [kWh]: 6307

BOS component balances and efficiencies

Energy [kWh] to inverters, EII: 6698 from inverters, Eio: 6307

Energy Efficiency of inverters , ηI: 0.94

33



Table 5: Annual indices of performance for Agora PV system.

2010 2011 2012

Final yield (hy−1) 790.8 870.5 764.5

Array yield (hy−1) 839.3 924.2 812.6

Reference yield (hy−1) 977.4 1028.9 913.2

Performance ratio 0.81 0.85 0.84

Mean array efficiency, ηA: 0.116

Overall plant efficiency, ηtot : 0.109

Figure 11: Stacked graph of the performance indices for Agora for the monitoring period

(The units h/m are hours per month)

resistance in the wires. This will be explored later in this chapter.

In the period between May and July, the temperature increases and this causes the capture

loss to increase once again. The change in system loss is not as adverse as the capture loss
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throughout this period. The reason can be attributed to the inverter efficiency and other

energy losses between the grid connection and the array being more or less constant. The

reference yield levels are periodic and for the same month in different years, the levels may

be different such as month 30 (June 2012) in Figure 11 was lower than month 6 and 18 (June

2010 and 2011) due to greater cloud cover in the summer of 2012.

Figure 12: Histogram showing the normalised distribution of in-plane radiance in 2012 for

the Agora PV system

Figure 12 shows the normalised distribution of the in-plane radiance, it can be seen that

about 70 % of the in-plane irradiation is contributed by solar irradiance below 300W/m2.

About 2 % is contributed by irradiance level above 1000W/m2. The histogram was based

on the irradiance data in 2012. The low light conditions are prevalent in this location. The

histogram is helpful in predicting the quality and quantity of power output. Furthermore, the

suitability of p-Si for this location and the sizing of the inverter in this PV system will be

checked in a later section.

4.1.2 Saarijärvi PV system

Tables 6, 7 and 8 show summaries of energy balances, climatic data and other performance

parameters.The monitoring fraction of the Saarijärvi system is nearly 90% due to continuous
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monitoring. The outage hours are equivalent to 270 days and the reasons for this have been

stated in section 3.1.2. As previously mentioned, the daily in-plane irradiation in Saarijärvi

is twice as low as the one in Agora. The reason is attributed to the equation used to derive

the value. The equation derived from the JRC guidelines [54], equation (3.14), was used for

both PV system even though the resulting output differs. If the mean daily irradiation takes

into account night/no light period monitoring, it would explain why there is large difference

between the two values. To verify the results, using PVGIS [55], the coordinates of Agora

and inclination of 40° for the PV array were used and the value found was 2.91kWh/m2d.

For a similar PV inclination, the value found for Saarijärvi was 2.93kWh/m2d. When com-

pared to the calculated values of 5.85kWh/m2d and 2.44kWh/m2d for Agora and Saarijärvi

respectively, there is a large variation in the Agora values. The difference can be attributed to

the monitoring fraction. Agora has a monitoring fraction of 0.46 while Saarijärvi has 0.89. I

propose that the equation 3.14 be multiplied by the monitoring fraction M. With the new for-

mula, the resulting mean daily irradiation values would be 2.69kWh/m2d and 2.17kWh/m2d

for Agora and Saarijärvi systems respectively.

Tables 7 and 8 display the annual performance indices for the Saarijärvi PV systems. We

can see that typically PR ranges from 0.78 to 0.89 with the exception of 2007 when the

ss1 has a higher performance ratio than the other subsystem yet the array and subsystem

efficiency of ss2 is greater than ss1. The reason behind the lower efficiencies in ss1 is the

period in which the inverter malfunctioned. Another difference between the systems is the

inverter efficiencies, where subsystem 1 has a more efficient inverter. However, the efficiency

calculated is above the maximum efficiency stated by the manufacturer for a Fronius IG 60

HV (94.5 %). The inverter efficiency of the ss2 was within the range of the maximum

efficiency and the European efficiency. The inverter performances will be analysed on their

own in section 4.3.

Figure 13 shows stacked bar graph of the performance indices for the Saarijärvi PV systems.

There are gaps in months 16, 17 and 30 due to data loss caused by the computer crashes. In

ss1, for months 19 and 20, there was no final yield since there was an inverter malfunction

in the subsystem. The 2nd, 3rd and 5th period coincide with 2007, 2008 and 2011 where

data interruptions were most noted. The effects of the various interruptions can be observed
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Table 6: Summary of energy balance of Saarijärvi PV system

Saarijärvi

Energy balances

Technology: HIT Period: 1/1/06-

30/12/12

Nominal power, Po[kWp]: 6.27 Total Array Area, A[m2]: 37.95

Total time of monitoring, tm[h]: 54,857 Monitoring fraction M: 0.89

Outage fraction ,O: 0.11

Climatic data

Recorded total solar energy in array plane, ES,A [kWh]: 212,010

7 Year mean daily irradiation in array plane, [kWh/m2/d]: 2.44

System balances

Subsystem 1 Subsystem 2

Total array output energy, EA[kWh]: 23,797 5,589

Energy supplied to utility grid, Etu [kWh]: 22,809 5,172

Energy drawn from utility grid, E f u [kWh]: 0 0

Energy from back-up generator, Ebu [kWh]: 0 0

Total energy to DC or AC loads, [kWh]: 0 0

Total input energy, Ein [kWh]: 29,386 PV_Fraction, FA: 1

Useful energy Euse [kWh]: 27,981 Euse,PV [kWh]: 27,981

BOS component balances and efficiencies

Subsystem 1 Subsystem 2

Energy [kWh] to inverters, EII: 23,797 5,589

from inverters, Eio: 22,809 5,172

Energy Efficiency of inverters , ηI: 0.958 0.925
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Table 7: Annual indices of performance for Saarijärvi ss1

2006 2007 2008 2009 2010 2011 2012

Final yield (hy−1) 843 124 453 862 756 676 732

Array yield (hy−1) 878 131 473 899 788 705 765

Reference yield (hy−1) 1027 514 510 999 916 756 865

Performance ratio 0.82 0.24 0.89 0.86 0.83 0.89 0.85

Mean array efficiency, ηA: 0.137

Overall subsystem efficiency, ηtot : 0.131

Table 8: Annual indices of performance for Saarijärvi ss2

2006 2007 2008 2009 2010 2011 2012

Final yield (hy−1) 803 425 422 823 721 650 693

Array yield (hy−1) 863 461 457 888 779 703 752

Reference yield (hy−1) 1027 514 510 999 916 756 865

Performance ratio 0.78 0.83 0.83 0.82 0.79 0.86 0.80

Mean array efficiency, ηA: 0.145

Overall subsystem efficiency, ηtot : 0.134

in the graphs (Fig. 13). Again the months of February and March show the highest capture

loss due to snow cover on the arrays.

Figure 14 is a histogram of normalised distribution of in-plane radiance in Saarijärvi which

is similar in shape to Figure 12. Below 300W/m2 the in- plane irradiance contribution is

about 70 % of the total irradiation. The histogram confirms that both sites are exposed to

identical solar irradiation levels.

Summary

Comparing the two sites over three years (2010, 2011 and 2012), the final yields of the Agora

PV system are greater than ss1 and ss2 in Saarijärvi. In addition, the reference yield for the
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Figure 14: Histogram showing the normalised distribution of in-plane radiance in Saarijärvi

same year but different sites also have large differences. The two main reasons were: (1) the

data recording interruptions at the Saarijärvi site in 2010 and 2011 and (2) the precision of the

values of the collected data. The Agora irradiance data was recorded to three decimal places

while at Saarijärvi the irradiance values were integers only. The sum of several decimal

values can have an effect on the total sum.

4.2 Behaviour of Performance indices over time

The seasonal changes have a strong influence on ambient temperature and the amount of

available solar energy to the arrays. During late autumn and early winter, there is snow and

low light levels while during late winter and early spring there is still snow but more inso-

lation. Looking at the left hand side of Figure 15 shows a scatter plot of performance ratio

(PR) in a time series. There are periodic trough shaped crests formed between the months

of April and September. The lowest part of the trough is during the middle of summer. The

same pattern can be seen in Figure 16. With reference to Fig. 16, although the same PV

technology is in both graphs, subsystem 2 has a greater difference between the lowest PR

value in the summer and the highest PR value for the year as compared to subsystem 1. This

means the subsystem 2 is more sensitive to temperature and irradiance level change than
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subsystem 1.

Figure 15: Performance ratio (left) and inverter efficiency (right) as a function of time for

Agora system

The inverter efficiency also shows seasonality but this is more closely related to availability

of array power. In Figure 15 on the right, there are several data points between zero and

the maximum efficiency of the inverter during the months of low irradiation. In comparison,

Figure 17 shows significantly fewer points within the same range (zero to maximum effi-

ciency). This can be attributed to inverter behaviour in low light conditions. Instances where

the inverter efficiency show values above 100 % may be caused by rounding off error during

calculation. The behaviour of the inverters at partial load and different performance ratios

will be investigated later in section 4.4.

System and array efficiencies plots have similar patterns to the PR time plot as shown in

Figures 18 and 19. The system efficiency is lower than the array efficiency due to losses

between the array and the grid. In Fig. 19, the system disruption marked by missing data
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Figure 16: Performance ratio as a function of time for Saarijärvi ss1 and ss2

Figure 17: Inverter efficiencies as a function of time for Saarijärvi ss1 and ss2
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Figure 18: System (left) and array (right) efficiencies as functions of time for Agora PV

system

points can be seen between 2007 and 2009. It should be noted that ss2 has wider range of

array efficiency values during the peak insolation period as compared to ss1. That is, the

trough thickness is greater in ss2 than in ss1. It can be deduced that the difference in the

subsystem configurations is a factor. The two configurations will be compared later on.

Figure 20 shows the capture loss over the reporting period. It confirms that losses occurring

during the summer months are due to cell temperature increase. The irregular spikes in the

capture loss before the small humps in the scatter plot are due to snow cover on the array

but not on the reference cell. In early spring, the temperatures may still be well below zero

but the sun hours are long but with little to no array power. This loss can be avoided by

manual snow removal if the site is visited regularly or by increasing the angle of the array

to 45°. The additional cost of adjusting the array angle or possibility of damaging the array

during cleaning may not make the exercise attractive. Also the additional power output may
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Figure 19: Array efficiencies as functions of time for Saarijärvi PV ss1 and ss2

Figure 20: Capture loss and cell temperature as a function of time for Agora system
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be insignificant. A similarly shaped scatter plot of capture loss was found for the Saarijärvi

system. The plot can be found in the Appendices (Fig. 44). The PR and array efficiencies

are affected by the irradiance and/or cell temperature. The following section will deal with

irradiation and temperature effects.

4.3 Effects of temperature and irradiance on the PV systems

It is generally known that increase in the cell temperature causes a reduction in the PV cell ef-

ficiency due to increased recombination rates of the internal carriers (holes and electrons).To

find out to what extent this affects the PV systems under investigation, I began by verifying

the module temperature distribution over the Agora PV array also to ascertain the accuracy

of the thermocouple recorded cell temperature in comparison to manually recorded cell tem-

perature. In addition a comparison between the cell and ambient temperatures was done.

Afterwards, the cut-in irradiance for the respective PV arrays was found. Finally, the irra-

diance and temperature were used to determine their effect on the PV systems performance

ratio and array efficiencies.

4.3.1 Cell and ambient temperature

One of the assumptions made was that the cell temperature is the same for the entire module

and array. The thermocouple such as the one shown in Figure 8(b), measures the temperature

of one module which is taken to represent the entire array. It is located at the top right

corner module in the array. To test this assumption, the back side temperature of modules

in the Agora PV array were measured and compared to the temperature recorded by the

datalogger. To illustrate this, Figure 21 shows the temperature distribution on the Agora PV

array with wind conditions below 2ms−1. Data recorded by the datalogger at the same time

shows a temperature range of 21.3 °C to 22.5 °C which is different from the temperatures

recorded using a hand held infrared thermometer (24.8 to 30.4) °C. An explanation for

the difference is the infrared thermometer measures instantaneous temperature while the

recorded cell temperature is an average over one minute.

From the Figure 21, the coolest part of the array is on the top right hand corner which is
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Figure 21: Temperature distribution on the back surface of the Agora PV array with a colour

bar in degree Celsius and ws stands for windspeed

the position of the thermocouple while the hottest section is on the upper left hand corner.

The reason for the difference in cell temperatures is the airflow, with the right side of the

array being exposed to direct wind while the opposite side is partly protected. I suggest the

thermocouple be moved to the third column and closer to the centre for a better mean cell

temperature reading.

It was also assumed in the long run that the wind had a negligible effect on the cell temper-

ature with relation to ambient temperature. To check if there was a large difference between

the daily average ambient and cell temperatures, Figures 22 and 23 were plotted and it can

be seen that the difference was small. The cell temperature will be used in further analysis

since it directly affects the working of PVs.
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Figure 22: Cell and ambient temperatures measured in Saarijärvi

Figure 23: Cell and ambient temperatures measured in Agora
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4.3.2 Cut-in irradiance

PV systems often start working above a certain irradiance level. The initial irradiance is

used to overcome any internal resistance in the array and to start up the power conditioning

equipment. This minimum irradiance is referred to as cut-in irradiance. For an ideal system,

the array power is produced from irradiance level just above zero. However in practice

irradiance value starting from 5W/m2 is acceptable. This is true for two out of the three cases.

For the Agora system and Saarijärvi ss2, the cut-in irradiance is approximately 10W/m2 for

both. This value was obtained from the scatter plot of the normalised array power as a

function of instantaneous irradiance (see Figures 24 and 25). However, the scatter plot for

ss1 shows array power even at irradiance close to zero yet ss1 and ss2 are both HIT with the

same inverter manufacturer.

Figure 24: An example of the normalised array power as a function of the irradiance for the

month of December 2011. The graph was used to determine the cut in irradiance for Agora

PV system.

One reason for this difference is the topology. The ss1 is a mixture of parallel and series

while ss2 is in series. Electrons absorb energy from incoming photons to move from the

valence band to the conduction band and to conduct electricity. The ss1 has three branches
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of parrallel connections making it produce three times as much current as ss2 which is only

in series. Also noting that each string of the branches of ss1 has nine modules and the string

in ss2 has six modules, it means that the voltage difference at the terminals is in favour of ss1.

Therefore the power generation occurs at a much lower irradiance in ss1 than ss2. Another

possibility is that the initial low irradiance is used to power the inverter (maximum power

point tracking) and datalogger and in Saarijärvi PV system, only one subsystem supplies the

power to both inverters.

Figure 25: An example of the normalised array power as a function of the irradiance for the

month of October 2012. The graph was used to determine the cut in irradiance for Saarijärvi

PV system.

The appendices C.2 contains the graphs for all the months in a calender year for both systems.

The plots are useful for fault detection. An example is Fig. 24 which has one main linear

trend and several smaller ones below it. The smaller ones indicate a below par performance

brought on by a mode of degradation. In this case, it is the array being soiled by snow in

the month of December. Fig. 25 shows data for October which in comparison has few data
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points below the main linear data points.

The value of the cut-in irradiance was used to filter raw data to be analysed.

4.3.3 Performance ratio

From the time series section (Sec. 4.2) it was found that PR values have a seasonal pat-

tern. The effect of cell temperature and irradiance on the PR of the system was verified by

plotting PR as a function of irradiance and the data points colour coded to represent the cell

temperature as shown in Figs. (26 - 28).

Figure 26: Performance ratio as a function of irradiance for Agora PV system. The colour

bar indicates the cell temperature.

Figure 26 shows a rapidly increasing PR in Agora PV until it peaks at about 100W/m2. The

plot also shows the decrease in PR as the temperature increases for a given irradiance level.

For a temperature of between 5 °C and 10 °C, PR is approximately 0.9. In comparison, the

PR value for Saarijärvi (Figs. 27 and 27) climbs more rapidly and reaches its peak value

before 20W/m2. The shape of both curves differ due to topology difference. Comparing

the PRs of the three systems in Fig. 29, we can see that ss2 has the highest PR and that ss1
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Figure 27: Performance ratio as a function of irradiance for Saarijärvi ss1

Figure 28: Performance ratio as a function of irradiance for Saarijärvi ss2

achieves its highest PR at the lowest irradiance level compared to the rest. Above 120W/m2,

ss1 has the best PR while the PR of Agora is better than ss2 above 220W/m2.
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All three performance ratio plots show initially an increasing trend followed by a steady

decrease as the irradiance increases. It should be pointed out that the Saarijärvi curves are

marked by two maxima. The cause of which can be a possible recording error in the winter

months if the reference cell was partially obstructed by snow. The recording technique at

low irradiance needs to be looked into. The first maxima occurred when the temperature was

between -5 °C and -15 °C (See Figs.27 and 28 ).

Figure 29: Performance ratio as a function of irradiance for all three systems

4.3.4 Array efficiency

The performance ratio looks at a system in its entirety meaning from the array to the grid

and everything in between. In order to see how the arrays behave at different irradiances and

temperatures, I normalised the array efficiency using the module efficiency provided by the

manufacturer at STC and plotted them as functions of irradiance.

Figure 30 shows the normalised array efficiencies as function of irradiance. In all four plots,

the normalised array efficiency had rapid rise and a steady decline as the irradiance increased.

In Figs. 30(a)-30(c), the influence of cell temperature on the array efficiency is evident. For

a given irradiance level, the efficiency of the array is greater at a lower cell temperatures.
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Figure 30: From top left: Scatter plot of normalised array efficiency as a function of irradi-

ance: (a) Saarijärvi PV ss1; (b) Saarijärvi PV ss2; (c) Agora PV system; (d) smoothed curves

for the three PV arrays (Agora-(Black), ss1-(Orange), ss2-(Red)).

Furthermore, the three plots show that the efficiencies peak below 100W/m2 which makes

the PVs suitable for Central Finland climate since a large fraction of in-plane irradiance is

below 100W/m2. The difference in the curve shapes can be attributed to the PV technology

and topology differences. Both Saarijärvi curves peak above the stated module efficiency at

STC meaning that they perform well in cold and low insolation conditions. However, when

comparing the two Saarijärvi PV array curves, it can be seen that the ss2 reaches a higher

efficiency but declines faster than ss1.

When all three curves are plotted together (see Fig. 30(d)), below 400W/m2, there are differ-

ences in the normalised array efficiencies. The Saarijärvi curves (the red and orange) have

higher normalised efficiencies than the Agora one. This would mean that at low light the
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HIT technology found in Saarijärvi would be better suited than the polycrystalline found in

the Agora system. At around 400W/m2, all the arrays operate at the same percentage of the

arrays efficiencies at STC (≈ 95%). Beyond the 400W/m2, ss1 has the least rate of decline

while ss2 has the highest. It should be noted that ss2 would still have a greater array effi-

ciency than the Agora PV. According to Ross and Royer [44], modules with poor low light

performance peak at higher irradiance levels (such as Agora PV array). They also stated

that it is difficult for consumers to differentiate between good and poor low light performers

because manufacturers only specify performance parameters at STC. For PVs to be better ac-

cepted in high latitudes and cold climates, manufacturers should show proof of performance

of their products in the aforementioned conditions.

In summary, considering the insolation level below 400W/m2 is nearly 80 % according the

histogram (Fig. 14), ss2 is the most efficient of the three arrays. When considering the full

possible irradiance range, ss1 is better suited than ss2.

Figure 31: Agora array efficiency as a function of cell temperature. A smoothed data set was

used to find a line of fit. The irradiance values are daily averages.

The effect of cell temperature on the array efficiency is shown in Fig. 31, 32 and 33 for

Agora and Saarijärvi ss1 and ss2 respectively. In Fig. 31, the cell temperature range is from
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-20 °C to 50 °C. The irradiance level is predominantly below 200 W/m2 at temperatures

below zero degrees celsius. From the graph, it can be seen that the array efficiency is highest

at low temperatures and irradiance between 300 and 400 W/m2. In order to find a general

expression for the behaviour of the array at Agora, a polynomial curve of order 10 was plotted

using the smoothed data. From the plotted polynomial fit, the maximum array efficiency was

found to be (12.34±0.01) % at a temperature of 4.5 °C. Ẇhen compared to the value in the

Naps datasheet and the energy balance (13.1 % and 11.6 %, respectively), it is approximately

the mean of the two values. The array efficiency temperature coefficient can be found using

the derivative of the polyfit curve equation which is given as:

dy
dx

= a1 +2a2(x)+3a3(x)2 +4a4(x)3 +5a5(x)4

+6a6(x)5 +7a7(x)6 +8a8(x)7 +9a9(x)8 for all x ∈ R

where a1 = 8.909×10−04, a2 =−1.192×10−04, a3 = 1.231×10−06, a4 = 3.689×10−07,

a5 =−1.076×10−08, a6 =−4.635×10−10, a7 = 2.814×10−11, a8 =−5.026×10−13 and

a9 = 3.0904×10−15. The result is multiplied by 100 to get the unit as %◦C−1. Unfortunately,

there was no value in the Naps datasheet with which to compare.

Similar plotted graphs were done for Saarijärvi ss1 and ss2 (Figs.32 and 33). There was a

decrease in the array efficiency in both ss1 and ss2 above 11 °C. Both ss1 and ss2 have high

array efficiency at low irradiance levels and it is evident by the amount of blue colour in the

upper part of the plots.

Comparing the Agora and Saarjärvi systems at cell temperature below zero degrees, there

is a relatively rapid decline in array efficiency in the Saarijärvi systems as compared to the

Agora one. One hypothesis is that the snow on the Saarijärvi arrays does not melt until

much later in the spring when it is warmer which may not be the case at Agora. The Agora

array was exposed to irradiance above 500W/m2 at subzero degrees celsius (This is evident

in the plot Fig. 31) but the same cannot be said of the arrays at Saarijärvi. Site visits

during winter would be useful in determining the cause. The Saarijärvi systems also have

a sudden increase below -20 °C. It is worth observing that the smoothed data points go

below zero value because of a limitation in the smoothing function used. For this reason,
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Figure 32: Saarijärvi subsystem 1 array efficiency as a function of cell temperature. The

irradiance values are daily averages.

low temperature values below -5 °C will be disregarded for now.

Using the polynomial fitted curves on the smoothed data points, the maximum array efficien-

cies for ss1 and ss2 are: (17.29±0.01) % at a temperature of 10.3 °C and (19.71±0.01) %

at a temperature of 8.9 °C respectively. These values compared to the one provided in the

Sanyo datasheet (16.5 % at STC) are relatively higher. This would mean that the arrays are

generally more efficient in cold temperature than at STC.

The ss2 array is more sensitive to temperature increase as compared to the ss1 array. This

can be observed by the steeper gradient in the curve in ss2 (Fig.33) as compared to ss1 above

zero degrees celsius. The array efficiency temperature coefficient for ss1 is

dy
dx

= a1 +2a2(x)+3a3(x)2 +4a4(x)3 +5a5(x)4 for x≥ 0

where a1 = 0.004, a2 = −3.611× 10−04, a3 = 1.096× 10−05, a4 = −5.520× 10−07 and

a5 = 7.935×10−10. The result is multiplied by 100 to get the units as %◦C−1.
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Figure 33: Saarijärvi subsystem 2 array efficiency as a function of cell temperature. The

irradiance values are daily averages.

While the array efficiency temperature coefficient for Saarijärvi ss2 is described as follows:

dy
dx

= a1 +2a2(x)+3a3(x)2 +4a4(x)3 +5a5(x)4 for all x≥ 0

where a1 = 0.005, a2 =−3.911×10−04, a3 = 8.443×10−06 and a4 =−5.905×10−08. The

result is multiplied by 100 to get the units as %◦C−1.

Normalised array efficiencies using the module efficiencies at STC values were plotted in

Fig. 34. At cell temperatures (0 °C≤ cell temp. ≤ 30 °C), the Saarijärvi arrays have better

efficiencies than the Agora array. Below zero degrees, the Agora array performs best. How-

ever, this is a cautious conclusion since the amount of snow cover on the different arrays is

unknown during the winter time. Future work can be done to gain a better understanding.

Comparing the histogram and probability plots (Fig. 35) for the cell temperatures at the two

sites, the probability of the temperature being in the range of (−2.5 °C≤ cell temp. ≤ 32.5

°C) is 91.18 % and 76.36 % for Agora and Saarijärvi respectively. The mean and standard

deviation for the cell temperatures in Agora and Saarijärvi were found to be (16.40 ± 10.58)

°C and (15.10 ± 15.00) °C respectively.
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Figure 34: Normalised array efficiencies as a function of cell temperature.

In summary, the HIT PV found in Saarijärvi has generally higher array efficiency for temper-

atures above zero degrees than polycrystalline PV found in Agora. The p-Si has generally a

better array efficiency than HIT at sub-zero temperature using the data collected.

4.4 Inverter efficiency

The inverter at both sites are not affected by ambient temperature since they are located

indoors so they are only affected by the input power (array power). Figure 36 shows the

behaviour of the inverters at different PR’s and array yields. The inverter in Agora has a

linear increase from zero to 0.8 for array yields between zero and 1hd−1. The low array yield

values coincide with low light conditions or short daylight hours. When compared to the

inverters in the Saarijärvi system, they have above 80 % efficiency under all conditions. This

suggests that the Saarijärvi inverters have a lower conversion loss than the Agora inverters

hence they handle partial load better.

Figure 37 shows the inverter efficiency as a function of partial load for all three inverters. The
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(a) (b)

Figure 35: Probability and histograms of the cell temperatures of the arrays.

partial load in this case is the ratio of the input power to the rated capacity of the inverter. In

the legend of the figure, Agora, Sjarvi 1 and Sjarvi 2 correspond to the Sunny Boy inverter

2500, Fronius IG 60HV and Fronius IG 15, respectively. Sjarvi 1 and Sjarvi 2 correspond

to ss1 and ss2, respectively. Some observations from the plot were noted. First, the fronius

and sunny boy inverters have different curve shapes. Second, the inverter in Saarijärvi ss2 is

oversized since the partial load maximum is 0.7 of the power input capacity of the inverter.

The inverter input rated capacity is 1610 W which is larger than the array maximum output

of 1140 W. Finally, the fronius inverters have efficiencies that exceed the practical limit of

100 %.

The sunny boy inverter follows the same shape as in Fig. 6 but the Fronius inverters do

not. The reason for this is the rounding off error in the measurement of the current from the

PV. While Agora PV current is measured in milliamperes, the Saarijärvi current is measured

in amperes to 2-decimal places. In addition, the Agora system has a shorter recording and
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Figure 36: The inverter efficiencies as a function of performance ratio. From bottom left

clockwise: Agora; Saarijärvi ss1; ss2.

sampling interval compared to Saarijärvi thus has greater accuracy. The result of which is

some values above 100 % at low partial load.

The inverter with the least efficiency at low partial loads is the Agora inverter because at

partial loads below 0.1, Sjarvi 1 and Sjarvi 2 have minimum efficiencies of 63 % and 70

% respectively while Agora has a minimum of 10 % efficiency. Assuming that the first

decreasing portion of the inverter efficiency curves for Sjarvi 1 and Sjarvi 2 were ignored,

Sjarvi 1 would have the least start up loss while Sjarvi 2 would have the most start up loss.

Sjarvi 1 inverter has less load loss than the Agora inverter. For cold climates, the response

of the Sjarvi 1 inverter (Fronius IG 60 HV) would be ideal. Oversizing of an inverter in this

case has resulted in decreased efficiency of the inverter. But how proportion of the partial

load is received by the inverter? To find out, a histogram of DC and AC power was plotted.

The histogram aided in determining the suitability of the inverter for the given PV system.
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Figure 37: The three inverter efficiencies as functions of partial load to inverter.

DC and AC power histograms for each subsystem were plotted as shown in Figures 38, 39

and 40. For the three figures, initially the AC bar was taller than the DC bar. Again, the sen-

sitivity of the datalogger at low light and partial power below 10 % causes this discrepancy.

Between 10 % and 20 % normalised power, all the systems show losses between DC to AC

conversion. From 20 % to 80 % the inverter efficiency is high. Afterwards, the conversion

rate drops again as the arrays reach their maximum power output.

In Figure 38, 45 % to 50 % of the total energy produced in Agora system is less than 10 %

of the nominal array power. Less than 10 % of the total energy is produced above 70 % of

the nominal power for the Agora PV array. In Saarijärvi, less than 10 % of the nominal array

power contributes between 50 % and 60 % of the total energy (See Figure 39 and 40). Less

than 2 % of the total energy produced by all three systems was above 90 % of the nominal

array power.
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Figure 38: Histogram of normalised power for Agora PV system.

Figure 39: Histogram of normalised power for Saarijärvi PV subsystem 1.
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Figure 40: Histogram of normalised power for Saarijärvi PV subsystem 2.

Undersizing of the inverter by 90 % of the nominal array power would not cause a significant

difference in the total energy out from the PV systems. The effect of oversizing the inverter is

seen in the ss2 histogram (Fig. 40) which shows a larger conversion loss between 0.1 and 0.5

of the normalised array power as compared to ss1 (Fig. 39). This accounts for approximately

30 % of the total energy. These losses can be avoided by appropriate inverter sizing.

4.5 Degradation rates

The ARIMA calculations were done in R and the corresponding code can be found in the

appendices (Appendix B). The main reason for using ARIMA models was to find new values

that took into account previous data and the current data. This new dataset took into account

outlier values, missing data and any data drift from the equipment. An advantage of using

the ARIMA model is the possibility to forecast what the performance would be within a

predetermined period.

The ARIMA values and corresponding ’raw’ values were saved in mat files and these files
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were used to plot the values on a graph using OriginPro 9. I took a value of 74 % or 0.74 as

a lower limit. This was in order to use values of PR when there was sufficient irradiation and

the array was mostly free of snow. Another reason was that the system would be deemed a

commercial ‘liability’ below this performance ratio. The values coincided with the months

of late March to late October. Since STC conditions are difficult to attain in the field, a range

of values would suffice. In order to increase the number of data points to get a trend, average

weekly PR values were used to perform the calculations.

Figure 41: Graph showing the degradation of the Agora PV system. The ARIMA model

used was ARIMA(2,0,2)(0,0,1)52.

Figure 41 shows the rate of degradation for the Agora PV system. The ARIMA model value

obtained was (2,0,2)(0,0,1)52. The calculated maximum PR values at the beginning of the

monitoring period were 0.852± 0.007 and 0.829± 0.009 for the raw and ARIMA datasets

respectively. Using the line gradients, the degradation rates were found to be (−0.40±

0.44) %/year and (−0.10± 0.65) %/year for raw and ARIMA respectively. The error was

determined from the standard deviation of the slope. From the latter values, it is inconclusive

to state if there is degradation or not since the error values are larger than the degradation

percentages. Looking at figure 41, generally the value of PR goes up in the midsection as
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compared to the preceding and succeeding sections. Therefore there was no clear trend.

Figure 42: Graph showing the degradation of the Saarijärvi PV ss1. The ARIMA model

used was ARIMA(5,0,0)(1,0,0)52.

Figure 42 shows the calculated PR values for ss1 from the graph, which are 0.930± 0.006

and 0.889±0.006 for the raw and ARIMA datasets respectively. The corresponding degra-

dation rates are (−0.45±0.16) %/year and (−0.29±0.16) %/year. When attempting to find

a seasonal ARIMA using the PR data from Saarijärvi ss2, the result from the auto.arima

function gave a non-seasonal value of ARIMA(3,0,0) model. The resulting plot is Fig. 43.

Using the values obtained from the linear line of best fit, maximum PRs were 0.911±0.007

and 0.879± 0.006 for raw and ARIMA model datasets respectively. The corresponding

degradation rate values found were (−0.32± 0.18) %/year and (−0.36± 0.16) %/year for

the raw and ARIMA datasets, respectively. The degradation rates that have been calculated

using the ARIMA model values are between (-0.10 and -0.36) % per year. Using the initial

calculated PR value for the corresponding systems and taking a PR of 0.8 as a base value,

the calculated working life for the PV systems are: (35.0±53.8) years; (34.6±19.5) years

and (25.0±10.6) years for Agora and Saarijärvi ss1 and ss2, respectively. Although all PV

65



Figure 43: Graph showing the degradation of the Saarijärvi PV ss2. The ARIMA model

used was ARIMA(3,0,0).

systems show above 25 year working life, the Agora PV system does not show a clear degra-

dation since the standard deviation value is much greater than the degradation rate value.

However, if the p-Si array is similar to the one found in Huvudsta, Sweden [40], the array

will show little degradation after a longer period than the HIT arrays at Saarijärvi. To con-

firm this assumption, degradation rate analysis should be done after another additional full

year of operation to confirm this trend.

The degradation rates for ss1 and ss2 are different by 0.07 %/year yet they are the same

PV technology. The variance is attributed to the inverters and topology. The efficiency of

the inverters affects the final yield which in turn affects the performance ratio. This can be

seen in Tables 7 and 8. With reference to the calculated working life, this difference can be

equivalent to about 9 years of system life gained or lost.
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5 Conclusion

A study was undertaken on two PV systems located in Central Finland. The Agora PV

system which is made up of a polycrystalline PV array located in Jyväskylä and the Saarijärvi

PV system made up of two heterojunction with intrinsic thin layer PV arrays located in

Saarijärvi. Both systems are grid-tied. The aim of the study has been to find the degradation

rate of the PV systems and to report on the long term performance of the same. This led to a

comparison of the performance of the two PV technologies and the effect of different array

topologies on energy production. Finally, an estimation on the working life expectancy of

the PV system was calculated.

Despite the data recording interruptions, the PV arrays at both sites worked well with no

maintenance. The inverter at the Agora site has also worked without disruptions for the

reported period but one of the inverters at Saarijärvi had a few breakdowns which were

resolved. The difference in array topology has strong influence on power production with

reference to the data obtained from the Saarijärvi site. With regard to the PV technologies,

the HIT proved to perform better than p-Si under similar field conditions in Central Finland.

In addition, the importance of proper inverter selection was brought out. Finally, the life

expectancy of the PV system exceeded those given in the warranty periods of the respective

PV module manufacturers.

This thesis study was used to quantify the degradation but not the mode of the degradation.

Investigation into the main causes of the deterioration of the PV system especially in Saar-

ijärvi should be undertaken. An assumption has been made that the calculated degradation

rate of the PV system is inclusive of all components (PV array, inverters and wiring). Further

study into whether any one component has a more dominating influence on the degradation

rate should be done. Further study into the degradation rate of Agora PV system should be

undertaken so as to get a more accurate deterioration rate.

The study has thus far proven that solar electricity can be viable as far north as Central

Finland with predicted PV system working life of 25 years and more.
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Appendices

A Matlab code

Matlab was used to analyse data and plot different graphs. The comments at the beginning

of each section of code describes the aim or process being executed. The recording formats

for both PV systems differ.

1 %% This program has been w r i t t e n by Dereck Mutungi

3 %I t e x t r a c t s v a l u e s from t h e csv f i l e s f o r Agora sys tem i n t o m a t r i c e s .

Due

%t o t h e l a r g e s i z e o f t h e da t a , a n o t h e r f i l e Agoratemp .m was w r i t t e n t o

5 %e x t r a c t t h e t e m p e r a t u r e .

%% S t a r t w i th a c l e a n s l a t e

7 c l c ; c l e a r ; c l o s e a l l ;

%% Open f i l e

9 % P l e a s e make s u r e t h a t t h e csv and t h i s s c r i p t i s o f t h e same f o l d e r . An

% a u t o m a t i c s e a r c h s c r i p t i s n o t i n c l u d e d i n t h i s m− f i l e

11 %f i l e s = d i r ( ) ;

s t r D i r = ’H : \ u n i v e r s i t y n o t e s \ T h e s i s \ Agora d a t a \ ’ ;

13 fnames = d i r ( s t r c a t ( s t r D i r , ’ * . c sv ’ ) ) ;

i n t numf ids ;

15 numf ids = 0 ;

numf ids = l e n g t h ( fnames ) ;

17 % Line 8 of t h e f i l e c o n t a i n s t h e f o r m a t o f t h e csv which w i l l be h e l p f u l

% i n e x t r a c t i n g t h e d a t a i n t h e f i l e .

19 %% Format and s e t t i n g s

fmt = ’%s%f%f%f%f%f%f%f%f%f%f%f%s%s%f%f%f%f%f%f%f%f%f%f%f%f%s%s ’ ;

21 cn fg = { ’ D e l i m i t e r ’ , ’ ; ’ , ’ Heade rL ines ’ , 8 } ;

% Try a l s o : When ’ C o l l e c t O u t p u t ’ s e t t o 1 , t e x t s c a n c o n c a t e n a t e s

23 % c o n s e c u t i v e o u t p u t c e l l s w i th t h e same d a t a t y p e i n t o a s i n g l e a r r a y .

25 %% F i l e e x t r a c t i o n

% Note t h a t t h e v a r i a b l e d a t a w i l l be o f c l a s s c e l l , we can e a s i l y

e x t r a c t

27 % t h e c e l l o f i n t e r e s t once t e x t s c a n i s done g e t t i n g t h e d a t a from t h e
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csv

% f i l e

29 f o r i = 1 : numf ids

f y l _ csv = fopen ( s t r c a t ( s t r D i r , fnames ( i ) . name ) ) ;

31 d a t a = t e x t s c a n ( f y l _ csv , fmt , cn fg { : } ) ;

f y l _ csv = f c l o s e ( f y l _ csv ) ;

33 kusanya { i } = d a t a ;

end

35 %% Looking f o r e r r o r s i n t h e d a t a

% The s t a t u s o f t h e sys tem i s i n column M and N

37 c o u n t =0 ;

w = ’ F e h l e r ’ ;

39 f = ’ S t o e r u n g ’ ;

f i l e I D = fopen ( ’ e r r o r . t x t ’ , ’w’ ) ;

41 f p r i n t f ( f i l e I D , ’%s ’ , ’ ’ ) ;

f c l o s e ( f i l e I D ) ;

43 f o r f i l e n u m b e r = 1 : i

f o r c o u n t e r = 1 : l e n g t h ( kusanya {1 , f i l e n u m b e r } { 1 , 1 3 } )

45 i f s t r c mp ( kusanya {1 , f i l e n u m b e r }{1 ,13}{ c o u n t e r , 1 } ,w) . . .

| | s t r cm p ( kusanya {1 , f i l e n u m b e r }{1 ,13}{ c o u n t e r , 1 } , f )

47 c o u n t = c o u n t +1 ;

kusanya {1 , f i l e n u m b e r } { 1 , 2 } ( c o u n t e r , 1 ) = NaN ;

49 f i l e I D = fopen ( ’ e r r o r . t x t ’ , ’ a ’ ) ;

f p r i n t f ( f i l e I D , ’%s \ n ’ , kusanya {1 , f i l e n u m b e r }{1 ,1}{ c o u n t e r , 1 } ) ;

51 f c l o s e ( f i l e I D ) ;

end

53 end

end

55

c l e a r c o u n t e r f i l e n u m b e r w s t r D i r f i l e I D f

57 %% R e q u i r e d d a t a

% E x t r a c t d a t a

59 % Remove ve ry l a s t row f o r c o n s i s t e n c y i n e l e m e n t s ( s e e o r i g csv d a t a )

% B O P Q R T W

61 f o r k = 1 : i

v a l = c e l l 2 m a t ( kusanya {1 , k } ( [2 15 16 17 18 20 23] ) ) ;

63 % S i n c e t h i s i s a t ime s e r i e s da t a , i t ’ s a lways n i c e t o keep them n e a t l y
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i n

% a s t r u c t u r e

65 i f ( s i z e ( va l , 1 ) < s i z e ( va l , 2 ) )

v a l = v a l ( 1 , : ) ;

67 Agora . v a l {k} = v a l ;

e l s e

69 v a l = v a l ( 1 : l e n g t h ( v a l ) −1 , : ) ;

Agora . v a l {k} = v a l ;

71 end

t ime = datenum ( kusanya {1 , k }{1} , ’ dd .mm. yyyy HH:MM: SS ’ ) ;

73

i f ( s i z e ( t ime , 1 ) == s i z e ( t ime , 2 ) )

75 t ime = t ime ( 1 , : ) ;

e l s e

77 t ime = t ime ( 1 : l e n g t h ( t ime ) −1 , : ) ;

79 end

Agora . t ime {k} = t ime ;

81

end

83

% Use d a t e s t r ( t ime ) t o s e e i f t ime has been s u c c e s s f u l l y r e a d

85 t i m e s = d a t e s t r ( t ime ( 1 , : ) )

87 %For c l e a n e r workspace remove a l l u n n e c e s s a r y used v a r i a b l e s

c l e a r cn fg fmt f y l _ csv t i m e s numf ids fnames d a t a t ime v a l

89

Agora . t ime1 =Agora . t ime { 1 } ;

91 Agora . v a l 1 = Agora . v a l { 1 } ;

f o r j = 1 : k−1

93 Agora . t ime1 = v e r t c a t ( Agora . t ime1 , Agora . t ime { j +1}) ;

Agora . v a l 1 = v e r t c a t ( Agora . va l1 , Agora . v a l { j +1}) ;

95 end

97 % For c l e a n e r workspace remove a l l u n n e c e s s a r y used v a r i a b l e s

c l e a r i j

99

76



Agora . v a l 1 ( i s n a n ( Agora . v a l 1 ) ) =0 ;

101 s ave F u l l d a t a A g o r a . mat Agora k

code/Matcode/AgoraData.m

1 %This code has been w r i t t e n by Dereck Mutungi 26 / 4 / 2013

%%

3 %Due t o t h e l a r g e s i z e o f da t a , t h e d a t a was s p l i t i n t o two and w i l l be

%l a t e r merged .

5 %% S t a r t w i th a c l e a n s l a t e

c l c ; c l e a r ; c l o s e a l l ;

7 %% Open f i l e

%Th i s i s a c o n t i n u a t i o n o f d a t a e x t r a c t i o n . The ambien t and c e l l

9 %t e m p e r a t u r e o f t h e PV sys tem

s t r D i r = ’H : \ u n i v e r s i t y n o t e s \ T h e s i s \ Agora d a t a \ ’ ;

11 fnames = d i r ( s t r c a t ( s t r D i r , ’ * . c sv ’ ) ) ;

i n t numf ids ;

13 numf ids = 0 ;

numf ids = l e n g t h ( fnames ) ;

15

%% Format and s e t t i n g s

17 fmt = ’%s%f%f%f%f%f%f%f%f%f%f%f%s%s%f%f%f%f%f%f%f%f%f%f%f%f%s%s ’ ;

cn fg = { ’ D e l i m i t e r ’ , ’ ; ’ , ’ Heade rL ines ’ , 8 } ;

19

21 %% F i l e e x t r a c t i o n

% Note t h a t t h e v a r i a b l e d a t a w i l l be o f c l a s s c e l l , we can e a s i l y

e x t r a c t

23 % t h e c e l l o f i n t e r e s t once t e x t s c a n i s done g e t t i n g t h e d a t a from t h e

csv

% f i l e

25 f o r i = 1 : numf ids

f y l _ csv = fopen ( s t r c a t ( s t r D i r , fnames ( i ) . name ) ) ;

27 d a t a = t e x t s c a n ( f y l _ csv , fmt , cn fg { : } ) ;

f y l _ csv = f c l o s e ( f y l _ csv ) ;

29 kusanya { i } = d a t a ;

end

31 %% Looking f o r e r r o r s i n t h e d a t a
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% The s t a t u s o f t h e sys tem i s i n column M and N

33 c o u n t =0 ;

w = ’ F e h l e r ’ ;

35 f = ’ S t o e r u n g ’ ;

f i l e I D = fopen ( ’ e r r o r . t x t ’ , ’w’ ) ;

37 f p r i n t f ( f i l e I D , ’%s ’ , ’ ’ ) ;

f c l o s e ( f i l e I D ) ;

39 f o r f i l e n u m b e r = 1 : i

f o r c o u n t e r = 1 : l e n g t h ( kusanya {1 , f i l e n u m b e r } { 1 , 1 3 } )

41 i f s t r c mp ( kusanya {1 , f i l e n u m b e r }{1 ,13}{ c o u n t e r , 1 } ,w) . . .

| | s t r cm p ( kusanya {1 , f i l e n u m b e r }{1 ,13}{ c o u n t e r , 1 } , f )

43 c o u n t = c o u n t +1 ;

kusanya {1 , f i l e n u m b e r } { 1 , 2 } ( c o u n t e r , 1 ) = NaN ;

45 f i l e I D = fopen ( ’ e r r o r . t x t ’ , ’ a ’ ) ;

f p r i n t f ( f i l e I D , ’%s \ n ’ , kusanya {1 , f i l e n u m b e r }{1 ,1}{ c o u n t e r , 1 } ) ;

47 f c l o s e ( f i l e I D ) ;

end

49 end

end

51

c l e a r c o u n t e r f i l e n u m b e r w s t r D i r f i l e I D f

53 %% R e q u i r e d d a t a

% The columns i n t h e CSV f i e l w i th t h e r e q u i r e d t e m p e r a t u r e s . C e l l (C) and

55 % Ambient (D)

% C D

57 f o r k = 1 : i

v a l = c e l l 2 m a t ( kusanya {1 , k } ( [3 4 ] ) ) ;

59 i f ( s i z e ( va l , 1 ) < s i z e ( va l , 2 ) )

v a l = v a l ( 1 , : ) ;

61 Agora1 . v a l {k} = v a l ;

Agora1 . v a l {k } ( i s n a n ( Agora1 . v a l {k } ) ) =0 ;

63 e l s e

v a l = v a l ( 1 : l e n g t h ( v a l ) , : ) ;

65 Agora1 . v a l {k} = v a l ;

Agora1 . v a l {k } ( i s n a n ( Agora1 . v a l {k } ) ) =0 ;

67 end

t ime = datenum ( kusanya {1 , k }{1} , ’ dd .mm. yyyy HH:MM: SS ’ ) ;
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69

i f ( s i z e ( t ime , 1 ) == s i z e ( t ime , 2 ) )

71 t ime = t ime ( 1 , : ) ;

e l s e

73 t ime = t ime ( 1 : l e n g t h ( t ime ) , : ) ;

75 end

Agora1 . t ime {k} = t ime ;

77

end

79

81

83 % Use d a t e s t r ( t ime ) t o s e e i f t ime has been s u c c e s s f u l l y r e a d

t i m e s = d a t e s t r ( t ime ( 1 , : ) )

85

% For c l e a n e r workspace remove a l l u n n e c e s s a r y used v a r i a b l e s

87 c l e a r cn fg fmt f y l _ csv t i m e s numf ids fnames d a t a t ime v a l

89

91 % For c l e a n e r workspace remove a l l u n n e c e s s a r y used v a r i a b l e s

c l e a r i j

93

95 s ave Agoratemp . mat Agora1 k

code/Matcode/Agoratemp.m

1 %% This program has been w r i t t e n by Dereck Mutungi .

3 %I t e x t r a c t s v a l u e s from t h e csv f i l e s f o r S a a r i j a r v i sys tem i n t o

m a t r i c e s .

5 %% S t a r t w i th a c l e a n s l a t e

c l c ; c l e a r ; c l o s e a l l ;

7 %% Open f i l e
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% P l e a s e make s u r e t h a t t h e csv and t h i s s c r i p t i s o f t h e same f o l d e r . An

9 % a u t o m a t i c s e a r c h s c r i p t i s n o t i n c l u d e d i n t h i s m− f i l e

s t r D i r = ’H : \ u n i v e r s i t y n o t e s \ T h e s i s \ S j a r v i D a t a \ ’ ;

11 fnames = d i r ( s t r c a t ( s t r D i r , ’ * . c sv ’ ) ) ;

i n t numf ids ;

13 numf ids = 0 ;

numf ids = l e n g t h ( fnames ) ;

15 % Line 1 of t h e f i l e c o n t a i n s t h e f o r m a t o f t h e csv which w i l l be h e l p f u l

% i n e x t r a c t i n g t h e d a t a i n t h e f i l e . Let ’ s j u s t c o l l e c t t h e t imes t amp

17 % as a s t r i n g .

%% Format and s e t t i n g s

19 fmt = ’%s%f%f%f%f%f%f%f%f%f%f ’ ;

cn fg = { ’ D e l i m i t e r ’ , ’ , ’ , ’ Heade rL ines ’ , 1 } ;

21

%% F i l e e x t r a c t i o n

23 % Using t e x t s c a n t o g e t d a t a from t h e csv f i l e s

f o r i = 1 : numf ids

25 f y l _ csv = fopen ( s t r c a t ( s t r D i r , fnames ( i ) . name ) ) ;

d a t a = t e x t s c a n ( f y l _ csv , fmt , cn fg { : } ) ;

27 f y l _ csv = f c l o s e ( f y l _ csv ) ;

kusanya { i } = d a t a ;

29 end

31 %% R e q u i r e d d a t a

% Remove ve ry l a s t row f o r c o n s i s t e n c y i n e l e m e n t s

33 %

f o r k = 1 : i

35 v a l = c e l l 2 m a t ( kusanya {1 , k } ( [2 3 4 5 6 7 8 9 10 11] ) ) ;

v a l = v a l ( 1 : l e n g t h ( v a l ) −1 , : ) ;

37 S j a r v i . v a l {k} = v a l ;

S j a r v i . v a l {k } ( i s n a n ( S j a r v i . v a l {k } ) ) =0 ;

39 t ime = datenum ( kusanya {1 , k }{1} , ’ dd /mm/ yyyy HH:MM’ ) ;

t ime = t ime ( 1 : l e n g t h ( t ime ) −1 , : ) ;

41 S j a r v i . t ime {k} = t ime ;

43 end

% Use d a t e s t r ( t ime ) t o s e e i f t ime has been s u c c e s s f u l l y r e a d
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45 t i m e s = d a t e s t r ( t ime ( 1 , : ) )

47

% For c l e a n e r workspace remove a l l u n n e c e s s a r y used v a r i a b l e s

49 c l e a r cn fg d a t a fmt f y l _ csv t ime t i m e s v a l fnames i kusanya numf ids

s t r D i r

51 s ave S j a r v i D a t a . mat S j a r v i k

code/Matcode/SjarviData.m
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The data was filtered, monitoring range set and daily average values were used to plot time

series graphs to observe the behaviour of performance indices over time. Not all the plots

derived were shown in the main body. Again, the programming has been intentionally sepa-

rated for each system for easier tracking and the data sizes were still too large to combine.

1 %This code has been w r i t t e n by Dereck Mutungi

3 % This program i s used t o g e t f u l l c a l e n d e r y e a r s . . . 1 s t J a n u a r y 2010 t o

% 31 s t December 2012 . P r e l i m i n a r y a v e r a g e v a l u e s a r e c a l c u l a t e d .

5 %%

c l e a r a l l ; c l o s e a l l ; c l c ;

7 l o a d F u l l d a t a A g o r a . mat

l o a d Agoratemp . mat

9 %% S e l e c t i n g d a t a i n t h a t p e r i o d u s i n g l o o p s .

p =0;

11 f o r j =1 : k

Agora1 . v a l { j } ( i s n a n ( Agora1 . v a l { j } ) ) =0 ;

13 Agora . v a l { j } ( i s n a n ( Agora . v a l { j } ) ) =0 ; % To e n s u r e no NaN v a l u e s a r e

l e f t

% C o n d i t i o n t o s e l e c t d a t a between 1 / 1 / 2010 and 31 / 12 / 2012

15 i f ( ( Agora1 . t ime { j } ( 1 , 1 ) >=734139) && ( Agora1 . t ime { j } ( 1 , 1 ) <735235) )

p=p +1;

17 Agora1 . day {p } ( 1 ) = Agora1 . t ime { j } ( 1 , 1 ) ;

Agora . day {p } ( 1 ) = Agora . t ime { j } ( 1 , 1 ) ;

19 Agora . d a t a {p}= Agora . v a l { j } ;

Agora . t ime2 {p}= Agora . t ime { j } ;

21 Agora1 . d a t a {p}= Agora1 . v a l { j } ;

e l s e

23 c o n t i n u e

end

25 end

%Thi s c o n d i t i o n i s t o check i f t h e f i l e has g o t more t h a n two r e c o r d

v a l u e s

27 %Record ing on ly o c c u r s when t h e r e i s a c t i v i t y from t h e a r r a y sys tem .

f o r j 2 =1: p

29 l =1 ;

i f ( l e n g t h ( Agora1 . d a t a { j 2 } ) ~ =2)

31 Agora . d a i l y _ i r r a d i a n c e { j 2 }=sum ( Agora . d a t a { j 2 } ( : , 1 ) ) ;
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Agora1 . d a i l y _ c e l l t e m p { j 2 }=sum ( Agora1 . d a t a { j 2 } ( : , 1 ) ) ;

33 Agora1 . d a i l y _ambtemp{ j 2 }=sum ( Agora1 . d a t a { j 2 } ( : , 2 ) ) ;

Agora . Arraypower { j 2 }=sum ( Agora . d a t a { j 2 } ( : , 2 ) . . .

35 . * ( Agora . d a t a { j 2 } ( : , 7 ) . / 1000) ) ; %W

37 e l s e

Agora1 . d a i l y _ c e l l t e m p { j 2 } ( 1 ) = ( Agora1 . d a t a { j 2 } ( 1 , 1 ) ) ;

39 Agora1 . d a i l y _ambtemp{ j 2 } ( 1 ) = ( Agora1 . d a t a { j 2 } ( 1 , 2 ) ) ;

Agora . d a i l y _ i r r a d i a n c e { j 2 } ( 1 ) = ( Agora . d a t a { j 2 } ( 1 , 1 ) ) ;

41 Agora . Arraypower { j 2 } ( 1 ) =Agora . d a t a { j 2 } ( 1 , 2 ) . . .

. * ( Agora . d a t a { j 2 } ( 1 , 7 ) . / 1000) ;

43 end

45 end

%c o n v e r t i n g t h e c e l l s t o m a t r i c e s

47 Agora1 . d a i l y _Sumtemp = c e l l 2 m a t ( Agora1 . d a i l y _ c e l l t e m p ) ;

Agora1 . d a i l y _SumAmbtemp = c e l l 2 m a t ( Agora1 . d a i l y _ambtemp ) ;

49 Agora . d a i l y _ S u m i r r a d i a n c e = c e l l 2 m a t ( Agora . d a i l y _ i r r a d i a n c e ) ;

Agora . d a i l y _ SumArraypower = c e l l 2 m a t ( Agora . Arraypower ) ;

51 Agora . day= c e l l 2 m a t ( Agora . day ) ;

Agora1 . day= c e l l 2 m a t ( Agora1 . day ) ;

53 f o r t =1 : p

% To g e t t h e a v e r a g e t e m p e r a t u r e t h a t was r e c o r d e d .

55 % This i s NOT t h e a v e r a g e ove r t h e p e r i o d o f 24 h o u r s b u t t h e a v e r a g e

% ove r t h e r e c o r d i n g p e r i o d .

57 Agora1 . d a i l y _ a v g c e l l t e m p ( t ) = Agora1 . d a i l y _Sumtemp ( t ) / . . .

( ( l e n g t h ( Agora1 . d a t a { t } )−1) ) ;

59 Agora1 . d a i l y _avgAmbtemp ( t ) = Agora1 . d a i l y _SumAmbtemp ( t ) / . . .

( ( l e n g t h ( Agora1 . d a t a { t } )−1) ) ;

61 Agora . d a i l y _ a v g I r r a d i a n c e ( t ) = Agora . d a i l y _ S u m i r r a d i a n c e ( t ) . . .

/ ( ( l e n g t h ( Agora . d a t a { t } )−1) ) ;

63 Agora . d a i l y _ avgArraypower ( t ) = Agora . d a i l y _ SumArraypower ( t ) . . .

/ ( ( l e n g t h ( Agora . d a t a { t } )−1) ) ;

65 end

67 Agora1 . d a i l y _ a v g c e l l t e m p ( i s n a n ( Agora1 . d a i l y _ a v g c e l l t e m p ) ) =0;

Agora1 . d a i l y _avgAmbtemp ( i s n a n ( Agora1 . d a i l y _avgAmbtemp ) ) =0;
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69 Agora . d a i l y _ a v g I r r a d i a n c e ( i s n a n ( Agora . d a i l y _ a v g I r r a d i a n c e ) ) =0 ;

Agora . d a i l y _ avgArraypower ( i s n a n ( Agora . d a i l y _ avgArraypower ) ) =0 ;

71 Agora . d a i l y _ avgCe l l t emp = Agora1 . d a i l y _ a v g c e l l t e m p ;

Agora . d a i l y _avgAmbtemp = Agora1 . d a i l y _avgAmbtemp ;

73 c l e a r j 2 k Agora1

save A g o r a c y c l e . mat Agora p

code/Matcode/Range_selection.m

%This Mat lab code has been w r i t t e n by Dereck Mutungi

2 % This program i s used t o g e t f u l l c a l e n d e r y e a r s . . . 1 s t J a n u a r y 2006 t o

% 31 s t December 2012 . There a r e a l s o d a i l y a v e r a g e v a l u e s c a l c u l a t e d

l a t e r .

4 %%

c l e a r a l l ; c l o s e a l l ; c l c ;

6 l o a d S j a r v i D a t a . mat

%% S e l e c t i n g d a t a i n t h a t p e r i o d

8 p =0;

f o r j =1 : k

10 S j a r v i . v a l { j } ( i s n a n ( S j a r v i . v a l { j } ) ) =0 ;

S j a r v i . v a l { j } ( i s n a n ( S j a r v i . v a l { j } ) ) =0 ; % To remove NaN numbers

12 p=p +1;

f o r x =1: l e n g t h ( S j a r v i . v a l { j } )

14 % C o n d i t i o n t o s e l e c t d a t a between 1 / 1 / 2006 and 31 / 12 / 2012

i f ( ( S j a r v i . t ime { j } ( x , 1 ) >=732678) && ( S j a r v i . t ime { j } ( x , 1 ) <735235) )

16

S j a r v i . y e a r {p}= S j a r v i . t ime { j } ;

18 S j a r v i . d a t a {p}= S j a r v i . v a l { j } ;

e l s e

20 c o n t i n u e

end

22 end

end

24 % To g e t r i d o f any empty c e l l s w i th no v a l u e s

S j a r v i . y e a r = S j a r v i . y e a r ( ~ c e l l f u n ( ’ i s e m p t y ’ , S j a r v i . y e a r ) ) ;

26 S j a r v i . d a t a = S j a r v i . d a t a ( ~ c e l l f u n ( ’ i s e m p t y ’ , S j a r v i . d a t a ) ) ;

q =1;

28 % O r g a n i s i n g t h e d a t a i n t o days
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f o r j =1 : l e n g t h ( S j a r v i . y e a r )

30 l =1 ; t =1 ;

[Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( S j a r v i . y e a r { j } ( 1 , 1 ) ) ;

32 S j a r v i . d a i l y _SumAmbtemp{ j } ( 1 ) = ( S j a r v i . d a t a { j } ( 1 , 8 ) ) ; % Amb

t e m p e r a t u r e

S j a r v i . d a i l y _ SumCelltemp { j } ( 1 ) = ( S j a r v i . d a t a { j } ( 1 , 7 ) ) ; % C e l l

t e m p e r a t u r e

34 f o r x = 2 : l e n g t h ( S j a r v i . d a t a { j } )

%C o n v e r t i n g t h e d a t e i n t o a v e c t o r

36 [Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( S j a r v i . y e a r { j } ( x , 1 ) ) ;

i f (D( x−1)== D( x ) ) && (M( x−1) == M( x ) )

38 S j a r v i . d a i l y _SumAmbtemp{ j } ( l ) = S j a r v i . d a i l y _SumAmbtemp{ j } ( l ) + . . .

( S j a r v i . d a t a { j } ( x , 8 ) ) ;

40 S j a r v i . d a i l y _ SumCelltemp { j } ( l ) = S j a r v i . d a i l y _ SumCelltemp { j } ( l )

+ . . .

( S j a r v i . d a t a { j } ( x , 7 ) ) ;

42 S j a r v i . day ( q ) = S j a r v i . y e a r { j } ( x , 1 ) ;

t = t +1 ;

44 e l s e

S j a r v i . d a i l y _avgAmbtemp{ j } ( l ) = S j a r v i . d a i l y _SumAmbtemp{ j } ( l ) / t ;

46 S j a r v i . d a i l y _ avgCe l l t emp { j } ( l ) = S j a r v i . d a i l y _ SumCelltemp { j } ( l ) / t

;

S j a r v i . d a i l y C e l l t e m p ( q ) = S j a r v i . d a i l y _ avgCe l l t emp { j } ( l ) ;

48 S j a r v i . dailyAmbtemp ( q ) = S j a r v i . d a i l y _avgAmbtemp{ j } ( l ) ;

%i n i t i a l i s i n g t h e n e x t day e n e r gy .

50 l = l +1 ;

q=q +1;

52 S j a r v i . d a i l y _SumAmbtemp{ j } ( l ) = ( S j a r v i . d a t a { j } ( x , 8 ) ) ;

S j a r v i . d a i l y _ SumCelltemp { j } ( l ) = ( S j a r v i . d a t a { j } ( x , 7 ) ) ;

54 t =1 ;

c o n t i n u e ;

56 end

end

58 S j a r v i . d a i l y _avgAmbtemp{ j } ( l ) = S j a r v i . d a i l y _SumAmbtemp{ j } ( l ) / t ;

S j a r v i . d a i l y _ avgCe l l t emp { j } ( l ) = S j a r v i . d a i l y _ SumCelltemp { j } ( l ) / t ;

60 S j a r v i . d a i l y C e l l t e m p ( q ) = S j a r v i . d a i l y _ avgCe l l t emp { j } ( l ) ;

S j a r v i . dailyAmbtemp ( q ) = S j a r v i . d a i l y _avgAmbtemp{ j } ( l ) ;
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62 S j a r v i . day ( q ) = S j a r v i . y e a r { j } ( x , 1 ) ;

64 end

%% c a l c u l a t i n g t h e d a i l y a v e r a g e i r r a d i a n c e in−p l a n e o f t h e a r r a y

66 S u m I r r a d i a n c e { 1 } ( 1 ) =0;

a v g I r r a d i a n c e ( 1 ) =0;

68 q =1;

f o r j =1 : l e n g t h ( S j a r v i . y e a r )

70 l =1 ; t =1 ;

[Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( S j a r v i . y e a r { j } ( 1 , 1 ) ) ;

72 S u m I r r a d i a n c e { j } ( 1 ) = ( S j a r v i . d a t a { j } ( 1 , 9 ) ) ; % Amb t e m p e r a t u r e

f o r x = 2 : l e n g t h ( S j a r v i . d a t a { j } )

74 %C o n v e r t i n g t h e d a t e i n t o a v e c t o r

[Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( S j a r v i . y e a r { j } ( x , 1 ) ) ;

76 i f (D( x−1)== D( x ) ) && (M( x−1) == M( x ) )

i f ( S j a r v i . d a t a { j } ( x , 9 ) >0)

78 S u m I r r a d i a n c e { j } ( l ) = S u m I r r a d i a n c e { j } ( l ) +( S j a r v i . d a t a { j } ( x

, 9 ) ) ;

t = t +1 ;

80 end

e l s e

82 S j a r v i . a v g I r r a d i a n c e ( q ) = S u m I r r a d i a n c e { j } ( l ) / t ;

%i n i t i a l i s i n g t h e n e x t day e ne r gy .

84 l = l +1 ;

q=q +1;

86 S u m I r r a d i a n c e { j } ( l ) = ( S j a r v i . d a t a { j } ( x , 9 ) ) ;

t =1 ;

88 c o n t i n u e ;

end

90 end

S j a r v i . a v g I r r a d i a n c e ( q ) = S u m I r r a d i a n c e { j } ( l ) ;

92

end

94 % To f r e e up more memory , g e t r i d o f t h e u n n e c e s s a r y v a r i a b l e s

c l e a r D H M MN S Y j k l p q t x

96 s ave S j a r v i c y c l e . mat S j a r v i

code/Matcode/Range_selectionSjarvi.m
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Data filtering was based on the outcome of the cut-in irradiance. It was noted that ss1

recorded power to the grid before the array generated any current. These values were fil-

tered out.

% W r i t t e n by Dereck Mutungi .

2 % This code i s used t o g e n e r a t e g r a p h s o f n o r m a l i s e d a r r a y power a g a i n s t

% i r r a d i a n c e . The g r a p h s a r e monthly f o r t h e y e a r 2011 : Agora

4 %%

c l e a r a l l ; c l o s e a l l ; c l c ;

6 l o a d A g o r a c y c l e . mat

%%

8 % I n i t i a l i s i n g t h e v a r i a b l e s

Arraypower {1}{1}=0;

10 i r r a d i a n c e {1}{1}=0;

12 %Combina t ion o f l o o p s and c o n d i t i o n s t o e x t r a a r r a y power , i r r a d i a n c e and

%t ime

14 f o r i = 1 : p

[Y( i ) M( i ) D( i ) H( i ) MN( i ) S ( i ) ] = d a t e v e c ( Agora . t ime2 { i } ( 1 , 1 ) ) ;

16 i f (Y( i ) ==2011)

f o r month = 1 :12

18 i f (M( i ) ==month )

f o r day =1: eomday ( 2 0 1 1 ,M( i ) )

20 i f (D( i ) ==day )

Arraypower { month }{ day }= Agora . d a t a { i } ( : , 2 ) . . .

22 . * ( Agora . d a t a { i } ( : , 7 ) . / 1000) ;

i r r a d i a n c e { month }{ day }= Agora . d a t a { i } ( : , 1 ) ;

24

e l s e

26 c o n t i n u e

end

28 end

e l s e c o n t i n u e

30 end

end

32 e l s e c o n t i n u e

end

34 end
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%%

36 %c o m b i n a t i o n o f l o o p s and c o n d i t i o n s t o f i l t e r o u t z e r o power so as

a s s i g n

%a new m a t r i x wi th non−z e r o power v a l u e s

38 f o r m=1:12

f o r d =1: l e n g t h ( Arraypower {m} )

40 x =0;

f o r l =1 : l e n g t h ( Arraypower {m}{ d } )

42

i f ( Arraypower {m}{ d } ( l ) >0)

44 x=x +1;

Arraypower1 {m}{ d } ( x ) =Arraypower {m}{ d } ( l ) ;

46 i r r a d i a n c e 1 {m}{ d } ( x ) = i r r a d i a n c e {m}{ d } ( l ) ;

e l s e

48 c o n t i n u e

end

50 end

end

52 end

%%

54 % Use of l o o p s t o draw t h e g r a p h s and v i s u a l l y i n s p e c t t h e cu t−i n

% i r r a d i a n c e . ( l a t e r found t o be 10W/m^2)

56 f o r m=1:12

f o r d =1: l e n g t h ( Arraypower1 {m} )

58 f i g u r e (m)

t i t l e ( { [ ’ Norma l i sed a r r a y power as a f u n c t i o n o f i r r a d i a n c e : month ’

num2s t r (m) ] ; . . .

60 ’ Agora ’ } )

p l o t ( i r r a d i a n c e 1 {m}{ d } , Arraypower1 {m}{ d } . / 2600 , ’ . ’ )

62 y l a b e l ( ’ Norma l i sed Array power ’ ) ;

x l a b e l ( ’ I r r a d i a n c e , (W/m^2) ’ ) ;

64 yl im ( [ 0 , 1 ] ) ; %The narrow band shows t h e c u t i n i r r a d i a n c e ( 0 . 0 6 , 100)

x l im ( [ 0 , 1 2 0 0 ] ) ;

66 ho ld on

g r i d on

68

end
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70 end

72 % Graphs w i l l be used t o check f o r cu t−i n i r r a d i a n c e and any anomaly

d u r i n g

% o p e r a t i o n . Th i s i s done by c h e c k i n g f o r p o i n t s t h a t a r e below a

c l u s t e r e d

74 % l i n e a r g r a d i e n t .

code/Matcode/ArrayPowerVsIrradiance.m

% W r i t t e n by Dereck Mutungi .

2 % This code i s used t o g e n e r a t e g r a p h s o f n o r m a l i s e d a r r a y power a g a i n s t

% i r r a d i a n c e . The g r a p h s a r e monthly f o r t h e y e a r 2009 : S a a r i j a r v i

4 %%

c l e a r a l l ; c l o s e a l l ; c l c ;

6 l o a d S j a r v i c y c l e . mat

%%

8 % I n i t i a l i s i n g t h e v a r i a b l e s

Arraypower1 { 1 } { 1 } ( 1 ) = S j a r v i . d a t a { 1 } ( 1 , 3 ) . * ( S j a r v i . d a t a { 1 } ( 1 , 4 ) ) ;

10 i r r a d i a n c e { 1 } { 1 } ( 1 ) = S j a r v i . d a t a { 1 } ( 1 , 9 ) ;

Arraypower2 { 1 } { 1 } ( 1 ) = S j a r v i . d a t a { 1 } ( 1 , 5 ) . * ( S j a r v i . d a t a { 1 } ( 1 , 6 ) ) ;

12 %Combina t ion o f l o o p s and c o n d i t i o n s t o g e t a r r a y power and i r r a d i a n c e

i n t o

%s t r u c t u r e s .

14 [Y( 1 ) M( 1 ) D( 1 ) H( 1 ) MN( 1 ) S ( 1 ) ] = d a t e v e c ( S j a r v i . y e a r { 1 } ( 1 , 1 ) ) ;

day =1; w=1; month =1;

16 f o r i = 1 : l e n g t h ( S j a r v i . y e a r )

f o r x =2: l e n g t h ( S j a r v i . y e a r { i } )

18 [Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( S j a r v i . y e a r { i } ( x , 1 ) ) ;

i f (Y( x ) ==2012)

20 i f (M( x ) ==M( x−1) )

i f (D( x−1)==D( x ) )

22 w=w+1;

Arraypower1 { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 3 )

. . .

24 . * ( S j a r v i . d a t a { i } ( x , 4 ) ) ;

Arraypower2 { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 5 )

. . .
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26 . * ( S j a r v i . d a t a { i } ( x , 6 ) ) ;

i r r a d i a n c e { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 9 ) ;

28

e l s e

30

day=day +1;

32 w=1;

Arraypower1 { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 3 ) . . .

34 . * ( S j a r v i . d a t a { i } ( x , 4 ) ) ;

Arraypower2 { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 5 )

. . .

36 . * ( S j a r v i . d a t a { i } ( x , 6 ) ) ;

i r r a d i a n c e { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 9 ) ;

38 c o n t i n u e

end

40

e l s e

42 month=month +1;

day =1;

44 w=1;

Arraypower1 { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 3 ) . . .

46 . * ( S j a r v i . d a t a { i } ( x , 4 ) ) ;

Arraypower2 { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 5 ) . . .

48 . * ( S j a r v i . d a t a { i } ( x , 6 ) ) ;

i r r a d i a n c e { month }{ day } (w) = S j a r v i . d a t a { i } ( x , 9 ) ;

50 c o n t i n u e

end

52 e l s e c o n t i n u e

end

54 end

end

56 %%

%c o m b i n a t i o n o f l o o p s and c o n d i t i o n s t o f i l t e r o u t z e r o power v a l u e s .

58 f o r m=1:12

f o r d =1: l e n g t h ( Arraypower1 {m} )

60 x =0; t =0 ;

f o r l =1 : l e n g t h ( Arraypower1 {m}{ d } )
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62

i f ( Arraypower1 {m}{ d } ( l ) >0)

64 x=x +1;

Arraypower1a {m}{ d } ( x ) =Arraypower1 {m}{ d } ( l ) ;

66 i r r a d i a n c e 1 {m}{ d } ( x ) = i r r a d i a n c e {m}{ d } ( l ) ;

end

68 i f ( Arraypower2 {m}{ d } ( l ) >0)

t = t +1 ;

70 Arraypower2a {m}{ d } ( t ) =Arraypower2 {m}{ d } ( l ) ;

i r r a d i a n c e 2 {m}{ d } ( t ) = i r r a d i a n c e {m}{ d } ( l ) ;

72 end

74 end

end

76 end

%%

78 % Use of l o o p s t o draw t h e g r a p h s and v i s u a l l y i n s p e c t t h e cu t−i n

% i r r a d i a n c e .

80 f o r m=1:12

f o r d =1: l e n g t h ( Arraypower1a {m} )

82 f i g u r e (m)

s u b p l o t ( 2 , 1 , 1 ) ;

84 t i t l e ( { ’ Norma l i sed a r r a y power as a f u n c t i o n o f i r r a d i a n c e ’ ; . . .

[ ’ S j a r v i sub−sys tem 1 : month ’ num2s t r (m) ] } )

86 p l o t ( i r r a d i a n c e 1 {m}{ d } , Arraypower1a {m}{ d } . / 5130 , ’ . ’ )

y l a b e l ( ’ Norma l i sed Array power ’ ) ;

88 x l a b e l ( ’ I r r a d i a n c e , (W/m^2) ’ ) ;

y l im ( [ 0 , 1 ] ) ; %The narrow band shows t h e c u t i n i r r a d i a n c e ( 0 . 0 6 , 5 0 )

90 xl im ( [ 0 , 1 2 0 0 ] ) ;

ho ld on

92 g r i d on

end

94 f o r d =1: l e n g t h ( Arraypower2a {m} )

f i g u r e (m)

96 s u b p l o t ( 2 , 1 , 2 ) ;

p l o t ( i r r a d i a n c e 2 {m}{ d } , Arraypower2a {m}{ d } . / 1140 , ’ . ’ )

98 t i t l e ( { ’ Norma l i sed a r r a y power as a f u n c t i o n o f i r r a d i a n c e ’ ; . . .
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[ ’ S j a r v i sub−sys tem 2 : month ’ num2s t r (m) ] } )

100 y l a b e l ( ’ Norma l i sed Array power ’ ) ;

x l a b e l ( ’ I r r a d i a n c e , (W/m^2) ’ ) ;

102 yl im ( [ 0 , 1 ] ) ; %The narrow band shows t h e c u t i n i r r a d i a n c e

x l im ( [ 0 , 1 2 0 0 ] ) ;

104 ho ld on

g r i d on

106

end

108 end

110 % ( l a t e r found t o be 10W/m^2)

code/Matcode/ArrayPowerVsIrradianceSjarvi.m

%W r i t t e n by Dereck Mutungi

2

% This code w i l l be used t o f i l t e r o u t d a t a t h a t has i r r a d i a n c e below c u t

4 % i n (10W/m^2) and a r r a y c u r r e n t i s 0

%%

6 c l e a r a l l ; c l o s e a l l ; c l c ;

% l o a d i n g t h e f u l l c y c l e m a t r i x . See Range_ s e l e c t i o n .m

8 l o a d A g o r a c y c l e . mat

%Combina t ion o f l o o p s and c o n d i t i o n s t o p roduce t h e f i l t e r e d d a t a by

10 %i r r a d i a n c e

%%

12 f o r i = 1 : p

x =0;

14 f o r l =1 : l e n g t h ( Agora . d a t a { i } ( : , 1 ) )

i f ( l e n g t h ( Agora . d a t a { i } ( : , 1 ) ) ==1)

16 Agora . T i m e f i l t e r e d { i }= Agora . t ime2 { i } ;

Agora . d a t a f i l t e r e d { i }= Agora . d a t a { i } ;

18 e l s e i f ( ( Agora . d a t a { i } ( l , 1 ) >10) | | ( Agora . d a t a { i } ( l , 7 ) >0) )

x=x +1;

20 Agora . d a t a f i l t e r e d { i } ( x , : ) =Agora . d a t a { i } ( l , : ) ;

Agora . T i m e f i l t e r e d { i } ( x , : ) =Agora . t ime2 { i } ( l , : ) ;

22 e l s e

c o n t i n u e
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24 end

end

26 end

%%

28 % A f t e r f i l t e r i n g some days had i n s u f f i c i e n t i r r a d i a n c e hence no c u r r e n t

from

% t h e a r r a y , b u t t h e day would be u s e f u l f o r f u r t h e r a n a l y s i s .

30 f o r i =1 : p

i f ( s i z e ( Agora . d a t a f i l t e r e d { i } ) ==0)

32 Agora . d a t a f i l t e r e d { i } = [ 0 , 0 , 0 , 0 , 0 , 0 , 0 ] ;

Agora . T i m e f i l t e r e d { i }= Agora . t ime2 { i } ( 1 , 1 ) ;

34 end

end

36 s ave A g o r a F i l t e r e d . mat Agora p

code/Matcode/Filtered_by_G_I.m

%W r i t t e n by Dereck Mutungi

2

% This code w i l l be used t o f i l t e r o u t d a t a t h a t has i r r a d i a n c e below c u t

4 % i n (10W/m^2) f o r sub sys tem 2 and above z e r o f o r sub−sys tem 1

%%

6 c l e a r a l l ; c l o s e a l l ; c l c ;

% l o a d i n g t h e f u l l c y c l e m a t r i x . See Range_ s e l e c t i o n .m

8 l o a d S j a r v i c y c l e . mat

%%

10 %Combina t ion o f l o o p s and c o n d i t i o n s t o p roduce t h e f i l t e r e d d a t a by

%i r r a d i a n c e

12 f o r i = 1 : l e n g t h ( S j a r v i . y e a r )

x =0; t =0 ; w=0;

14 f o r l =1 : l e n g t h ( S j a r v i . d a t a { i } )

% F i l t e r e d by i r r a d i a n c e

16 i f ( S j a r v i . d a t a { i } ( l , 9 ) ~ =0)

x=x +1;

18 S j a r v i . d a t a f i l t e r e d 1 { i } ( x , : ) = S j a r v i . d a t a { i } ( l , : ) ;

S j a r v i . Y e a r f i l t e r e d 1 { i } ( x , : ) = S j a r v i . y e a r { i } ( l , : ) ;

20 end

%F i l t e r e d by 10W/m^2
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22 i f ( S j a r v i . d a t a { i } ( l , 9 ) >10)

t = t +1 ;

24 S j a r v i . d a t a f i l t e r e d 2 { i } ( t , : ) = S j a r v i . d a t a { i } ( l , : ) ;

S j a r v i . Y e a r f i l t e r e d 2 { i } ( t , : ) = S j a r v i . y e a r { i } ( l , : ) ;

26 end

%F i l t e r e d by c u r r e n t v a l u e and power

28 i f ( ( S j a r v i . d a t a { i } ( l , 4 ) >0)&&( S j a r v i . d a t a { i } ( l , 1 ) >0) )

w=w+1;

30 S j a r v i . d a t a f i l t e r e d 3 { i } (w , : ) = S j a r v i . d a t a { i } ( l , : ) ;

S j a r v i . Y e a r f i l t e r e d 3 { i } (w , : ) = S j a r v i . y e a r { i } ( l , : ) ;

32 end

end

34 end

36 s ave S j a r v i F i l t e r e d . mat S j a r v i

code/Matcode/Filtered_by_G_I_Sjarvi.m
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Calculations for performance indices and a time series plot of the same was done using the

following code.

%This code has been w r i t t e n by Dereck Mutungi

2 % The program c a l c u l a t e s g r i d & a r r a y energy , y i e l d s , PR and e f f i c i e n c i e s

.

%%

4 c l c ; c l e a r ; c l o s e a l l ;

%% Load t h e Agora m a t r i x . See F i l t e r e d _by_G_ I .m

6 % This m a t r i x a l s o c o n t a i n s d a t a f i l t e r e d by i r r a d i a n c e and c u r r e n t . P l u s

% o r i g i n a l d a t a .

8 l o a d A g o r a F i l t e r e d . mat

% S e l e c t i n g t h e d a t e and a dd i ng t h e power and g e t t i n g t h e en e r gy p e r day

10 % i n Wh

%%

12 f o r j =1 : l e n g t h ( Agora . T i m e f i l t e r e d )

l =1 ;

14 [Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( Agora . T i m e f i l t e r e d { j

} ( 1 , 1 ) ) ;

Agora . d a t a f i l t e r e d { j } ( i s n a n ( Agora . d a t a f i l t e r e d { j } ) ) =0 ;

16 Agora . d a i l y _ A r r a y e n e r g y { j } ( 1 ) = ( Agora . d a t a f i l t e r e d { j } ( 1 , 2 ) . . .

. * Agora . d a t a f i l t e r e d { j } ( 1 , 7 ) . * ( 0 . 2 5 / 1000) ) ; % en e rg y i n Wh . . . t h e

c u r r e n t i n mA

18 Agora . d a i l y _ G r i d e n e r g y { j } ( 1 ) = ( Agora . d a t a f i l t e r e d { j } ( 1 , 6 ) * 0 . 2 5 ) ; %

e ne rg y i n Whr

20

f o r x = 2 : l e n g t h ( Agora . d a t a f i l t e r e d { j } )

22 % c he ck s f o r c e l l s i z e s i n c e some days have no d a t a t h u s s i z e mismatch

i f ( ( l e n g t h ( Agora . T i m e f i l t e r e d { j } ) ) ==( l e n g t h ( Agora . d a t a f i l t e r e d { j } ) ) )

24 %C o n v e r t i n g t h e d a t e i n t o a v e c t o r

[Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( Agora . T i m e f i l t e r e d { j } ( x

, 1 ) ) ;

26 i f (D( x−1)== D( x ) ) && (M( x−1) == M( x ) )

i f ( (MN( x )−MN( x−1) ) == 15) | | ( ( MN( x )−MN( x−1) ) == −45)

28 Agora . d a i l y _ A r r a y e n e r g y { j } ( l ) = . . .

Agora . d a i l y _ A r r a y e n e r g y { j } ( l ) + . . .
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30 ( Agora . d a t a f i l t e r e d { j } ( x , 2 ) . * Agora . d a t a f i l t e r e d { j } ( x

, 7 ) . * ( 0 . 2 5 / 1000) ) ;

Agora . d a i l y _ G r i d e n e r g y { j } ( l ) = . . .

32 Agora . d a i l y _ G r i d e n e r g y { j } ( l ) +( Agora . d a t a f i l t e r e d { j } (

x , 6 ) . * 0 . 2 5 ) ;

e l s e i f ( (MN( x )−MN( x−1) ) == 1) | | ( ( MN( x )−MN( x−1) ) == −59)

34 Agora . d a i l y _ A r r a y e n e r g y { j } ( l ) = . . .

Agora . d a i l y _ A r r a y e n e r g y { j } ( l ) + . . .

36 ( Agora . d a t a f i l t e r e d { j } ( x , 2 ) . * Agora . d a t a f i l t e r e d { j } ( x , 7 ) . * (1 /

60000) ) ;

Agora . d a i l y _ G r i d e n e r g y { j } ( l ) = Agora . d a i l y _ G r i d e n e r g y { j } (

l ) + . . .

38 ( Agora . d a t a f i l t e r e d { j } ( x , 6 ) . * (1 / 60) ) ;

e l s e

40 Agora . d a i l y _ A r r a y e n e r g y { j } ( l ) = Agora . d a i l y _ A r r a y e n e r g y {

j } ( l ) + 0 ;

Agora . d a i l y _ G r i d e n e r g y { j } ( l ) = Agora . d a i l y _ G r i d e n e r g y { j

} ( l ) + 0 ;

42 end

end

44 e l s e

Agora . d a i l y _ A r r a y e n e r g y { j } ( l ) = 0 ;

46 Agora . d a i l y _ G r i d e n e r g y { j } ( l ) = 0 ;

c o n t i n u e ;

48 end

end

50

end

52 c l e a r D H M MN S Y j l x

54 f o r j =1 : l e n g t h ( Agora . t ime2 )

l =1 ;

56 [Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( Agora . t ime2 { j } ( 1 , 1 ) ) ;

Agora . d a i l y _ i r r a d i a t i o n { j } ( 1 ) = ( Agora . d a t a { j } ( 1 , 1 ) * 0 . 2 5 ) ;% en e rg y

i n Whr / sq m

58

f o r x = 2 : l e n g t h ( Agora . d a t a { j } )
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60 % c he ck s f o r c e l l s i z e s i n c e some days have no d a t a t h u s s i z e mismatch

i f ( ( l e n g t h ( Agora . d a t a { j } ) ) ==( l e n g t h ( Agora . t ime2 { j } ) ) )

62 %C o n v e r t i n g t h e d a t e i n t o a v e c t o r

[Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( Agora . t ime2 { j } ( x , 1 ) ) ;

64 i f (D( x−1)== D( x ) ) && (M( x−1) == M( x ) )

i f ( (MN( x )−MN( x−1) ) == 15) | | ( ( MN( x )−MN( x−1) ) == −45)

66 Agora . d a i l y _ i r r a d i a t i o n { j } ( l ) = Agora . d a i l y _ i r r a d i a t i o n { j

} ( l ) + . . .

( Agora . d a t a { j } ( x , 1 ) . * 0 . 2 5 ) ;

68 e l s e i f ( (MN( x )−MN( x−1) ) == 1) | | ( ( MN( x )−MN( x−1) ) == −59)

Agora . d a i l y _ i r r a d i a t i o n { j } ( l ) = Agora . d a i l y _ i r r a d i a t i o n { j

} ( l ) + . . .

70 ( Agora . d a t a { j } ( x , 1 ) . * (1 / 60) ) ;

e l s e

72 Agora . d a i l y _ i r r a d i a t i o n { j } ( l ) = Agora . d a i l y _ i r r a d i a t i o n {

j } ( l ) + 0 ;

end

74 end

e l s e

76 Agora . d a i l y _ i r r a d i a t i o n { j } ( l ) = 0 ;

c o n t i n u e ;

78 end

end

80

end

82 c l e a r D H M MN S Y j l x

%%

84 %D a i l y e ne rg y i n kWhr

d a i l y A r r a y E n e r g y = c e l l 2 m a t ( Agora . d a i l y _ A r r a y e n e r g y ) ;

86 Agora . d a i l y _ A r r a y e n e r g y = d a i l y A r r a y E n e r g y / 1000 ;

d a i l y G r i d E n e r g y = c e l l 2 m a t ( Agora . d a i l y _ G r i d e n e r g y ) ;

88 Agora . d a i l y _ G r i d e n e r g y = d a i l y G r i d E n e r g y / 1000 ;

d a i l y i r r a d i a t i o n = c e l l 2 m a t ( Agora . d a i l y _ i r r a d i a t i o n ) ;

90 %The a r e a o f t h e a r r a y i s 19 .83 sq m

Agora . d a i l y _ S o l a r e n e r g y = ( d a i l y i r r a d i a t i o n / 1000) . * 1 9 . 8 3 ; %Kwh

92 c l e a r d a i l y A r r a y E n e r g y d a i l y G r i d E n e r g y d a i l y i r r E n e r g y
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94 %% Y i e l d s

% R e f e r e n c e y i e l d

96 Agora . d a i l y R e f y i e l d = Agora . d a i l y _ S o l a r e n e r g y . / (1 * 1 9 . 8 3 ) ; %The u n i t s a r e

h / d

% Array y i e l d

98 Agora . d a i l y A r r a y y i e l d = Agora . d a i l y _ A r r a y e n e r g y . / 2 . 6 ; %Where 2 . 6kW i s t h e

r a t e d power

% F i n a l y i e l d

100 Agora . d a i l y F i n a l y i e l d = Agora . d a i l y _ G r i d e n e r g y . / 2 . 6 ;

%% Per fo rmance R a t i o and e f f i c i e n c i e s

102 % Per fo rmance r a t i o

Agora . PR = Agora . d a i l y F i n a l y i e l d . / Agora . d a i l y R e f y i e l d ;

104 %I n v e r t e r e f f i c i e n c y

Agora . I n v E f f = Agora . d a i l y _ G r i d e n e r g y . / Agora . d a i l y _ A r r a y e n e r g y ;

106 %Array e f f i c i e n c y .

Agora . A r r a y E f f = Agora . d a i l y _ A r r a y e n e r g y . / ( Agora . d a i l y _ S o l a r e n e r g y ) ;

108 %System e f f i c i e n c y

Agora . Sy sE f f = Agora . d a i l y _ G r i d e n e r g y . / ( Agora . d a i l y _ S o l a r e n e r g y ) ;

110 %C a p t u r e l o s s

Agora . LC = Agora . d a i l y R e f y i e l d− Agora . d a i l y A r r a y y i e l d ;

112 %System l o s s

Agora . LS = Agora . d a i l y R e f y i e l d − Agora . d a i l y F i n a l y i e l d ;

114

%

116 Agora . PR ( i s n a n ( Agora . PR ) ) =0;

Agora . I n v E f f ( i s n a n ( Agora . I n v E f f ) ) =0 ;

118 Agora . Sy sE f f ( i s n a n ( Agora . S ysE f f ) ) =0 ;

Agora . A r r a y E f f ( i s n a n ( Agora . A r r a y E f f ) ) =0 ;

120

%% Saving t h e v a r i a b l e s i n . mat f i l e

122 Agora3year . PR=Agora . PR ;

Agora3year . I n v E f f =Agora . I n v E f f ;

124 Agora3year . S ysE f f =Agora . S ys Ef f ;

Agora3year . A r r a y E f f =Agora . A r r a y E f f ;

126 Agora3year . d a i l y _ avgCe l l t emp =Agora . d a i l y _ avgCe l l t emp ;

Agora3year . d a i l y _avgAmbtemp=Agora . d a i l y _avgAmbtemp ;

128 Agora3year . day=Agora . day ;
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Agora3year . d a i l y _ a v g I r r a d i a n c e =Agora . d a i l y _ a v g I r r a d i a n c e ;

130 Agora3year . d a i l y R e f y i e l d =Agora . d a i l y R e f y i e l d ;

Agora3year . d a i l y F i n a l y i e l d =Agora . d a i l y F i n a l y i e l d ;

132 Agora3year . d a i l y A r r a y y i e l d =Agora . d a i l y A r r a y y i e l d ;

Agora3year . LS=Agora . LS ;

134 Agora3year . LC=Agora . LC ;

Agora3year . d a t a =Agora . d a t a ;

136 Agora3year . t ime2 = Agora . t ime2 ;

Agora3year . d a i l y _ G r i d e n e r g y =Agora . d a i l y _ G r i d e n e r g y ;

138 Agora3year . d a i l y _ A r r a y e n e r g y =Agora . d a i l y _ A r r a y e n e r g y ;

Agora3year . d a i l y _ S o l a r e n e r g y =Agora . d a i l y _ S o l a r e n e r g y ;

140 s ave Agora3year . mat Agora3year p

code/Matcode/AgoraPerformanceIndices.m

%W r i t t e n by Dereck Mutungi

2 % This program i s used t o c a l c u l a t e t h e g r i d and a r r a y e n e r g i e s p e r day

of

% subsys t em 1 and 2 of t h e S j a r v i sys tem . Yie ld s , PR and e f f i c i e n c i e s a r e

4 % a l s o c a l c u l a t e d .

%%

6 c l e a r a l l ; c l o s e a l l ; c l c ;

% Load t h e c o m p l e t e Year c y c l e m a t r i c e s . See F i l t e r e d _by_G_ I .m

8 l o a d S j a r v i F i l t e r e d . mat

% The d a t a f i l t e r e d 1 i s d a t a wi th z e r o i r r a d i a n c e e l i m i n a t e d .

10 % d a t a f i l t e r e d 1 has a minimum cut−i n i r r a d i a n c e o f 10W/ m2

% The e ne rg y t o t h e g r i d p e r day i s c a l c u l a t e d as t h e sum of t h e p r o d u c t

12 % of power and r e c o r d i n g i n t e r v a l ove r t h e e n t i r e day . For t h e a r r a y

% energy , t h e summation of v o l t a g e , c u r r e n t and r e c o r d i n g p e r i o d

14 % a r e a o f t h e a r r a y i s 37 .95 sq m

%%

16 q =1;

f o r j =1 : l e n g t h ( S j a r v i . Y e a r f i l t e r e d 1 )

18 l =1 ; t =1 ;

[Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( S j a r v i . Y e a r f i l t e r e d 1 { j

} ( 1 , 1 ) ) ;

20 S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 1 ) * 0 . 2 5 )

;
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S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 2 ) * 0 . 2 5 )

;

22 S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 3 ) . . .

* S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 4 ) * 0 . 2 5 ) ;

24 S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 5 ) . . .

* S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 6 ) * 0 . 2 5 ) ;

26 S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( 1 , 9 ) . . .

* 37 .95 * 0 . 2 5 ) ;

28 S j a r v i . d a y f i l t e r e d 1 { j } ( l ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( l ) ;

f o r x = 2 : l e n g t h ( S j a r v i . d a t a f i l t e r e d 1 { j } )

30 %C o n v e r t i n g t h e d a t e i n t o a v e c t o r

[Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( S j a r v i . Y e a r f i l t e r e d 1 { j } ( x

, 1 ) ) ;

32 i f (D( x−1)== D( x ) ) && (M( x−1) == M( x ) )

i f ( (MN( x )−MN( x−1) ) == 15) | | ( ( MN( x )−MN( x−1) ) == −45)

34 S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) * 0 . 2 5 ) ;

36 S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) * 0 . 2 5 ) ;

38 S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) * 0 . 2 5 )

;

40 S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) * 0 . 2 5 )

;

42 S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) = S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) + . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) * 37 .95 * 0 . 2 5 ) ;

44 S j a r v i . d a y f i l t e r e d 1 { j } ( l ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( x ) ;

e l s e i f ( (MN( x )−MN( x−1) ) == 30) | | ( ( MN( x )−MN( x−1) ) == −30)

46 S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) * 0 . 5 ) ;
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48 S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) * 0 . 5 ) ;

50 S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) * 0 . 5 ) ;

52 S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) * 0 . 5 ) ;

54 S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) = S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) * 37 .95 * 0 . 5 ) ;

56 S j a r v i . d a y f i l t e r e d 1 { j } ( l ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( x ) ;

e l s e i f ( (MN( x )−MN( x−1) ) == 10) | | ( ( MN( x )−MN( x−1) ) == −50)

58 S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) * (1 / 6 ) ) ;

60 S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) * (1 / 6 ) ) ;

62 S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) * (1 / 6 )

) ;

64 S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) * (1 / 6 )

) ;

66 S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) = S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) * 37 .95 * (1 / 6 ) ) ;

68 S j a r v i . d a y f i l t e r e d 1 { j } ( l ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( x ) ;

e l s e

70 S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) * 0 ) ;
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72 S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) * 0 ) ;

74 S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) * 0 ) ;

76 S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) = S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) * 0 ) ;

78 S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) = S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l )

+ . . .

( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) * 37 .95 * 0) ;

80 S j a r v i . d a y f i l t e r e d 1 { j } ( l ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( x ) ;

end

82

e l s e

84 S j a r v i . d a y f i l t e r e d ( q ) = S j a r v i . d a y f i l t e r e d 1 { j } ( l ) ;

S j a r v i . d a i l y G r i d e n e r g y 1 ( q ) = S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) / 1000 ;

86 S j a r v i . d a i l y G r i d e n e r g y 2 ( q ) = S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) / 1000 ;

S j a r v i . d a i l y A r r a y e n e r g y 1 ( q ) = S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) /

1000 ;

88 S j a r v i . d a i l y A r r a y e n e r g y 2 ( q ) = S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) /

1000 ;

S j a r v i . d a i l y S o l a r e n e r g y ( q ) = S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) /

1000 ;

90 %i n i t i a l i s i n g t h e n e x t day e n e r g i e s .

l = l +1 ;

92 q=q +1;

S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) *
0 . 2 5 ) ;

94 S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) *
0 . 2 5 ) ;

S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) . . .

96 * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) * 0 . 2 5 ) ;

S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) = ( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) . . .

98 * S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) * 0 . 2 5 ) ;
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S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) =( S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) *
37 .95 * 0 . 2 5 ) ;

100 S j a r v i . d a y f i l t e r e d 1 { j } ( l ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( x ) ;

c o n t i n u e ;

102 end

end

104 S j a r v i . d a i l y G r i d e n e r g y 1 ( q ) = S j a r v i . d a i l y _ G r i d e n e r g y 1 { j } ( l ) / 1000 ;

S j a r v i . d a i l y G r i d e n e r g y 2 ( q ) = S j a r v i . d a i l y _ G r i d e n e r g y 2 { j } ( l ) / 1000 ;

106 S j a r v i . d a i l y A r r a y e n e r g y 1 ( q ) = S j a r v i . d a i l y _ A r r a y e n e r g y 1 { j } ( l ) / 1000 ;

S j a r v i . d a i l y A r r a y e n e r g y 2 ( q ) = S j a r v i . d a i l y _ A r r a y e n e r g y 2 { j } ( l ) / 1000 ;

108 S j a r v i . d a i l y S o l a r e n e r g y ( q ) = S j a r v i . d a i l y _ S o l a r e n e r g y { j } ( l ) / 1000 ;

S j a r v i . d a y f i l t e r e d ( q ) = S j a r v i . Y e a r f i l t e r e d 1 { j } ( x ) ;

110 end

% To f r e e up more memory , g e t r i d o f t h e u n n e c e s s a r y v a r i a b l e s

112 c l e a r D H M MN S Y j l p q x

114 %% Y i e l d s

% R e f e r e n c e y i e l d

116 S j a r v i . d a i l y R e f y i e l d = S j a r v i . d a i l y S o l a r e n e r g y . / (1 * 3 7 . 9 5 ) ; %The u n i t s a r e

h / d

% Array y i e l d

118 S j a r v i . d a i l y A r r a y y i e l d 1 = S j a r v i . d a i l y A r r a y e n e r g y 1 . / 5 . 1 3 ;

S j a r v i . d a i l y A r r a y y i e l d 2 = S j a r v i . d a i l y A r r a y e n e r g y 2 . / 1 . 1 4 ;

120 % F i n a l y i e l d

S j a r v i . d a i l y F i n a l y i e l d 1 = S j a r v i . d a i l y G r i d e n e r g y 1 . / 5 . 1 3 ;

122 S j a r v i . d a i l y F i n a l y i e l d 2 = S j a r v i . d a i l y G r i d e n e r g y 2 . / 1 . 1 4 ;

%% Per fo rmance R a t i o and e f f i c i e n c i e s

124 % Per fo rmance r a t i o

S j a r v i . PR1= S j a r v i . d a i l y F i n a l y i e l d 1 . / S j a r v i . d a i l y R e f y i e l d ;

126 S j a r v i . PR2= S j a r v i . d a i l y F i n a l y i e l d 2 . / S j a r v i . d a i l y R e f y i e l d ;

%I n v e r t e r e f f i c i e n c y

128 S j a r v i . I n v E f f 1 = S j a r v i . d a i l y G r i d e n e r g y 1 . / S j a r v i . d a i l y A r r a y e n e r g y 1 ;

S j a r v i . I n v E f f 2 = S j a r v i . d a i l y G r i d e n e r g y 2 . / S j a r v i . d a i l y A r r a y e n e r g y 2 ;

130 %Array e f f i c i e n c y .

%For t h e a r r a y e f f i c i e n c y , t h e t o t a l a r r a y a r e a i s s p l i t so as t o g e t t h e

132 %in−p l a n e s o l a r en e r g y on each sub−sys tem

a r e a 1 = ( 3 7 . 9 5 / 33) * 2 7 ;
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134 a r e a 2 =37.95− a r e a 1 ;

S j a r v i . A r r a y E f f 1 = S j a r v i . d a i l y A r r a y e n e r g y 1 . . .

136 . / ( S j a r v i . d a i l y S o l a r e n e r g y * ( a r e a 1 / 3 7 . 9 5 ) ) ;

S j a r v i . A r r a y E f f 2 = S j a r v i . d a i l y A r r a y e n e r g y 2 . . .

138 . / ( S j a r v i . d a i l y S o l a r e n e r g y * ( a r e a 2 / 3 7 . 9 5 ) ) ;

%System e f f i c i e n c y

140 S j a r v i . SysEf f1 = ( S j a r v i . d a i l y G r i d e n e r g y 1 ) . . .

. / ( S j a r v i . d a i l y S o l a r e n e r g y * ( a r e a 1 / 3 7 . 9 5 ) ) ;

142 S j a r v i . SysEf f2 = ( S j a r v i . d a i l y G r i d e n e r g y 2 ) . . .

. / ( S j a r v i . d a i l y S o l a r e n e r g y * ( a r e a 2 / 3 7 . 9 5 ) ) ;

144 %C a p t u r e l o s s

S j a r v i . LC1 = S j a r v i . d a i l y R e f y i e l d− S j a r v i . d a i l y A r r a y y i e l d 1 ;

146 S j a r v i . LC2 = S j a r v i . d a i l y R e f y i e l d− S j a r v i . d a i l y A r r a y y i e l d 2 ;

%System l o s s

148 S j a r v i . LS1 = S j a r v i . d a i l y R e f y i e l d − S j a r v i . d a i l y F i n a l y i e l d 1 ;

S j a r v i . LS2 = S j a r v i . d a i l y R e f y i e l d − S j a r v i . d a i l y F i n a l y i e l d 2 ;

150 %

S j a r v i . PR1 ( i s n a n ( S j a r v i . PR1 ) ) = [ ] ;

152 S j a r v i . PR2 ( i s n a n ( S j a r v i . PR2 ) ) = [ ] ;

S j a r v i . SysEf f1 ( i s n a n ( S j a r v i . SysEf f1 ) ) = [ ] ;

154 S j a r v i . SysEf f2 ( i s n a n ( S j a r v i . SysEf f2 ) ) = [ ] ;

S j a r v i . A r r a y E f f 1 ( i s n a n ( S j a r v i . A r r a y E f f 1 ) ) = [ ] ;

156 S j a r v i . A r r a y E f f 2 ( i s n a n ( S j a r v i . A r r a y E f f 2 ) ) = [ ] ;

S j a r v i . I n v E f f 1 ( i s n a n ( S j a r v i . I n v E f f 1 ) ) =0 ;

158 S j a r v i . I n v E f f 2 ( i s n a n ( S j a r v i . I n v E f f 2 ) ) =0 ;

S j a r v i . I n v E f f 1 ( i s i n f ( S j a r v i . I n v E f f 1 ) ) =0 ;

160 S j a r v i . I n v E f f 2 ( i s i n f ( S j a r v i . I n v E f f 2 ) ) =0 ;

162 %% Removing t h e hour , minu te and second component o f t h e m a t l ab d a t e s

%%Ass igned t o t h e day and d a y f i l t e r e d .

164 f o r x = 1 : l e n g t h ( S j a r v i . day )

[Y M D]= d a t e v e c ( S j a r v i . day ( x ) ) ;

166 S j a r v i . day ( x ) =datenum (Y,M,D) ;

end

168 f o r x= 1 : l e n g t h ( S j a r v i . d a y f i l t e r e d )

[Y M D]= d a t e v e c ( S j a r v i . d a y f i l t e r e d ( x ) ) ;

170 S j a r v i . day _ f i l t e r e d ( x ) =datenum (Y,M,D) ;
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end

172 day =0;

%F i l t e r e d a v e r a g e d a i l y i r r a d i a n c e

174 f o r x = 1 : l e n g t h ( S j a r v i . day )

day = f i n d ( S j a r v i . day _ f i l t e r e d == S j a r v i . day ( x ) ) ;

176 S j a r v i . f i l t e r e d A v g I r r a d i a n c e ( day ) = S j a r v i . a v g I r r a d i a n c e ( x ) ;

S j a r v i . f i l t e r e d A m b t e m p ( day ) = S j a r v i . dailyAmbtemp ( x ) ;

178 S j a r v i . f i l t e r e d C e l l t e m p ( day ) = S j a r v i . d a i l y C e l l t e m p ( x ) ;

end

180 %For t h e f u l l r e p o r t e d c y c l e , t h e days wi th no v a l u e s w i l l be a s s i g n e d

%empty m a t r i c e s ;

182 S j a r v i . F u l l . a v g I r r a d i a n c e = S j a r v i . a v g I r r a d i a n c e ;

S j a r v i . F u l l . dailyAmbtemp = S j a r v i . dailyAmbtemp ;

184 S j a r v i . F u l l . d a i l y C e l l t e m p = S j a r v i . d a i l y C e l l t e m p ;

S j a r v i . F u l l . day= S j a r v i . day ;

186 S j a r v i . day _ f i l t e r e d ( 1 5 7 7 ) =734507;

f o r x = 1 : l e n g t h ( S j a r v i . day )

188 day = f i n d ( S j a r v i . day _ f i l t e r e d == S j a r v i . day ( x ) ) ;

i f ( ( i s e m p t y ( day ) ==0) )

190 S j a r v i . F u l l . PR1 ( x ) = S j a r v i . PR1 ( day ) ;

S j a r v i . F u l l . PR2 ( x ) = S j a r v i . PR2 ( day ) ;

192 S j a r v i . F u l l . I n v E f f 1 ( x ) = S j a r v i . I n v E f f 1 ( day ) ;

S j a r v i . F u l l . I n v E f f 2 ( x ) = S j a r v i . I n v E f f 2 ( day ) ;

194 S j a r v i . F u l l . SysEf f1 ( x ) = S j a r v i . SysEf f1 ( day ) ;

S j a r v i . F u l l . SysEf f2 ( x ) = S j a r v i . SysEf f2 ( day ) ;

196 S j a r v i . F u l l . A r r a y E f f 1 ( x ) = S j a r v i . A r r a y E f f 1 ( day ) ;

S j a r v i . F u l l . A r r a y E f f 2 ( x ) = S j a r v i . A r r a y E f f 2 ( day ) ;

198 S j a r v i . F u l l . I n v E f f 1 ( x ) = S j a r v i . I n v E f f 1 ( day ) ;

S j a r v i . F u l l . I n v E f f 2 ( x ) = S j a r v i . I n v E f f 2 ( day ) ;

200 S j a r v i . F u l l . F i n a l y i e l d 1 ( x ) = S j a r v i . d a i l y F i n a l y i e l d 1 ( day ) ;

S j a r v i . F u l l . F i n a l y i e l d 2 ( x ) = S j a r v i . d a i l y F i n a l y i e l d 2 ( day ) ;

202 S j a r v i . F u l l . A r r a y y i e l d 1 ( x ) = S j a r v i . d a i l y A r r a y y i e l d 1 ( day ) ;

S j a r v i . F u l l . A r r a y y i e l d 2 ( x ) = S j a r v i . d a i l y A r r a y y i e l d 2 ( day ) ;

204 S j a r v i . F u l l . R e f y i e l d ( x ) = S j a r v i . d a i l y R e f y i e l d ( day ) ;

end

206 %To c o m p l e t e t h e f u l l c y c l e .

i f ( x ==2287)
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208 S j a r v i . F u l l . PR1 ( x ) =0;

S j a r v i . F u l l . PR2 ( x ) =0;

210 S j a r v i . F u l l . I n v E f f 1 ( x ) =0 ;

S j a r v i . F u l l . I n v E f f 2 ( x ) =0 ;

212 S j a r v i . F u l l . SysEf f1 ( x ) =0 ;

S j a r v i . F u l l . SysEf f2 ( x ) =0 ;

214 S j a r v i . F u l l . A r r a y E f f 1 ( x ) =0 ;

S j a r v i . F u l l . A r r a y E f f 2 ( x ) =0 ;

216 S j a r v i . F u l l . I n v E f f 1 ( x ) =0 ;

S j a r v i . F u l l . I n v E f f 2 ( x ) =0 ;

218 S j a r v i . F u l l . F i n a l y i e l d 1 ( x ) =0 ;

S j a r v i . F u l l . F i n a l y i e l d 2 ( x ) =0 ;

220 S j a r v i . F u l l . A r r a y y i e l d 1 ( x ) =0;

S j a r v i . F u l l . A r r a y y i e l d 2 ( x ) =0;

222 S j a r v i . F u l l . R e f y i e l d ( x ) =0 ;

end

224 end

save p e r f o r m a n c e P a r a m e t e r s . mat S j a r v i a r e a 1 a r e a 2

226

S j a r v i 7 y e a r = S j a r v i . F u l l ;

228

s ave 7 y e a r c y c l e . mat S j a r v i 7 y e a r

code/Matcode/SjarviPerformanceIndices.m

1 % W r i t t e n by Dereck Mutungi

% Th i s program i s used t o g e t t h e monthly a v e r a g e s o f t h e d a t a c o l l e c t e d .

3 c l e a r a l l ; c l o s e a l l ; c l c ;

%Load n e c e s s a r y Agora3year m a t r i x t o p l o t g r a p h s

5 l o a d Agora3year . mat

%%

7 [Y( 1 ) M( 1 ) D( 1 ) H( 1 ) MN( 1 ) S ( 1 ) ] = d a t e v e c ( Agora3year . day ( 1 ) ) ;

l =1 ;

9 PR ( l ) = Agora3year . PR ( 1 ) ;

c o u n t ( l ) =1 ;

11 month ( l ) =0 ;

A r r a y E f f ( l ) = Agora3year . A r r a y E f f ( 1 ) ;

13 Sy sE f f ( l ) = Agora3year . S ysE f f ( 1 ) ;
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A r r a y y i e l d ( l ) = Agora3year . d a i l y A r r a y y i e l d ( 1 ) ;

15 R e f y i e l d ( l ) = Agora3year . d a i l y R e f y i e l d ( 1 ) ;

F i n a l y i e l d ( l ) = Agora3year . d a i l y F i n a l y i e l d ( 1 ) ;

17 I r r a d i a n c e ( l ) = Agora3year . d a i l y _ a v g I r r a d i a n c e ( 1 ) ;

I n v E f f ( l ) = Agora3year . I n v E f f ( 1 ) ;

19 f o r j =2 : p

21 [Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( Agora3year . day ( j ) ) ;

i f (M( j −1)== M( j ) ) && (Y( j −1) == Y( j ) )

23 month ( l ) =M( j ) ;

c o u n t ( l ) = c o u n t ( l ) +1 ;

25 PR ( l ) =PR ( l ) + Agora3year . PR( j ) ;

A r r a y E f f ( l ) = A r r a y E f f ( l ) + Agora3year . A r r a y E f f ( j ) ;

27 Sy sE f f ( l ) = S ysE f f ( l ) + Agora3year . S ys Ef f ( j ) ;

A r r a y y i e l d ( l ) = A r r a y y i e l d ( l ) + Agora3year . d a i l y A r r a y y i e l d ( j ) ;

29 R e f y i e l d ( l ) = R e f y i e l d ( l ) + Agora3year . d a i l y R e f y i e l d ( j ) ;

F i n a l y i e l d ( l ) = F i n a l y i e l d ( l ) + Agora3year . d a i l y F i n a l y i e l d ( j ) ;

31 I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) + Agora3year . d a i l y _ a v g I r r a d i a n c e ( j ) ;

I n v E f f ( l ) = I n v E f f ( l ) + Agora3year . I n v E f f ( j ) ;

33 e l s e

meanPR ( l ) =PR( l ) / c o u n t ( l ) ;

35 meanArrayEff ( l ) = A r r a y E f f ( l ) / c o u n t ( l ) ;

meanSysEff ( l ) = S ys Ef f ( l ) / c o u n t ( l ) ;

37 m e a n A r r a y y i e l d ( l ) = A r r a y y i e l d ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d ( l ) = F i n a l y i e l d ( l ) / c o u n t ( l ) ;

39 meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

41 meanInvEff ( l ) = I n v E f f ( l ) / c o u n t ( l ) ;

l = l +1 ;

43 month ( l ) =M( j ) ;

c o u n t ( l ) =1 ;

45 PR ( l ) = Agora3year . PR ( j ) ;

A r r a y E f f ( l ) = Agora3year . A r r a y E f f ( j ) ;

47 Sy sE f f ( l ) = Agora3year . S ysE f f ( j ) ;

A r r a y y i e l d ( l ) = Agora3year . d a i l y A r r a y y i e l d ( j ) ;

49 R e f y i e l d ( l ) = Agora3year . d a i l y R e f y i e l d ( j ) ;

F i n a l y i e l d ( l ) = Agora3year . d a i l y F i n a l y i e l d ( j ) ;
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51 I r r a d i a n c e ( l ) = Agora3year . d a i l y _ a v g I r r a d i a n c e ( j ) ;

I n v E f f ( l ) = Agora3year . I n v E f f ( j ) ;

53 end

end

55 meanPR ( l ) =PR( l ) / c o u n t ( l ) ;

meanArrayEff ( l ) = Agora3year . A r r a y E f f ( l ) / c o u n t ( l ) ;

57 meanSysEff ( l ) = Agora3year . Sys Ef f ( l ) / c o u n t ( l ) ;

m e a n A r r a y y i e l d ( l ) = A r r a y y i e l d ( l ) / c o u n t ( l ) ;

59 m e a n F i n a l y i e l d ( l ) = F i n a l y i e l d ( l ) / c o u n t ( l ) ;

meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

61 m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

meanInvEff ( l ) = I n v E f f ( l ) / c o u n t ( l ) ;

63

c l e a r H M MN S Y c o u n t j i D l

65 %% S t a c k e d monthly y i e l d s g raph .

f o r i =1 : l e n g t h ( PR )

67 Tot { i }=[ F i n a l y i e l d ( i ) A r r a y y i e l d ( i )−F i n a l y i e l d ( i ) R e f y i e l d ( i )−

A r r a y y i e l d ( i ) ] ;

69 end

T o t a l = v e r t c a t ( Tot { 1 : l e n g t h ( Tot ) } ) ;

71 b a r ( T o t a l , ’ s t a c k ’ ) ;

g r i d on

73 xl im ( [ 0 , 3 7 ] ) ;

s e t ( gca , ’ XTick ’ , 0 : 6 : 3 6 )

75 y l a b e l ( ’ Y i e l d s ( h /m) ’ ) ;

x l a b e l ( ’ Month ’ ) ;

77 t i t l e ( { ’ S t a c k e d graph showing t h e f i n a l y i e l d , c a p t u r e l o s s and sys tem

l o s s ’ ; . . .

’ Agora ’ } ) ;

79 l e g e n d ( ’Y_ f ’ , ’L_ s ’ , ’L_ c ’ ) ;

81 %%

m o n t h l y A r r a y E f f =meanArrayEff ’ ;

83 monthlyPR=meanPR ’ ;

mon th lySysEf f =meanSysEff ’ ;

85 m o n t h l y A r r a y y i e l d = meanArrayy ie ld ’ ;
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m o n t h l y F i n a l y i e l d = m e a n F i n a l y i e l d ’ ;

87 m o n t h l y R e f y i e l d = meanRefy ie ld ’ ;

m o n t h l y I r r a d i a n c e = m e a n I r r a d i a n c e ’ ;

89 m o n t h l y I n v E f f = meanInvEff ’ ;

91 s ave A g o r a m o n t h l y v a l u e s . mat m o n t h l y A r r a y E f f monthlyPR mon th lySysEf f . . .

m o n t h l y A r r a y y i e l d m o n t h l y F i n a l y i e l d m o n t h l y R e f y i e l d m o n t h l y I r r a d i a n c e . . .

93 m o n t h l y I n v E f f

95 c l e a r p j i r r i h a A r r a y E f f A r r a y y i e l d F i n a l y i e l d I r r a d i a n c e PR R e f y i e l d

. . .

Sy sE f f meanArrayEff meanPR meanSysEff m e a n A r r a y y i e l d m e a n F i n a l y i e l d

. . .

97 meanRefy ie ld m e a n I r r a d i a n c e I n v E f f meanInvEff

%%

99 %weekly a v e r a g e o f t h e d a t a

l =1 ;

101 PR ( l ) = Agora3year . PR ( 1 ) ;

c o u n t ( l ) =1 ;

103 A r r a y E f f ( l ) = Agora3year . A r r a y E f f ( 1 ) ;

Sy sE f f ( l ) = Agora3year . S ys Ef f ( 1 ) ;

105 A r r a y y i e l d ( l ) = Agora3year . d a i l y A r r a y y i e l d ( 1 ) ;

R e f y i e l d ( l ) = Agora3year . d a i l y R e f y i e l d ( 1 ) ;

107 F i n a l y i e l d ( l ) = Agora3year . d a i l y F i n a l y i e l d ( 1 ) ;

I r r a d i a n c e ( l ) = Agora3year . d a i l y _ a v g I r r a d i a n c e ( 1 ) ;

109 I n v E f f ( l ) = Agora3year . I n v E f f ( 1 ) ;

f o r j =1 : l e n g t h ( Agora3year . t ime2 )

111 i f ( mod ( j , 7 ) ~ =0)

c o u n t ( l ) = c o u n t ( l ) +1 ;

113 PR ( l ) =PR ( l ) + Agora3year . PR( j ) ;

A r r a y E f f ( l ) = A r r a y E f f ( l ) + Agora3year . A r r a y E f f ( j ) ;

115 Sy sE f f ( l ) = S ysE f f ( l ) + Agora3year . S ys Ef f ( j ) ;

A r r a y y i e l d ( l ) = A r r a y y i e l d ( l ) + Agora3year . d a i l y A r r a y y i e l d ( j ) ;

117 R e f y i e l d ( l ) = R e f y i e l d ( l ) + Agora3year . d a i l y R e f y i e l d ( j ) ;

F i n a l y i e l d ( l ) = F i n a l y i e l d ( l ) + Agora3year . d a i l y F i n a l y i e l d ( j ) ;

119 I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) + Agora3year . d a i l y _ a v g I r r a d i a n c e ( j ) ;

I n v E f f ( l ) = I n v E f f ( l ) + Agora3year . I n v E f f ( j ) ;
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121 e l s e

meanPR ( l ) =PR( l ) / c o u n t ( l ) ;

123 meanArrayEff ( l ) = A r r a y E f f ( l ) / c o u n t ( l ) ;

meanSysEff ( l ) = S ys Ef f ( l ) / c o u n t ( l ) ;

125 m e a n A r r a y y i e l d ( l ) = A r r a y y i e l d ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d ( l ) = F i n a l y i e l d ( l ) / c o u n t ( l ) ;

127 meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

129 meanInvEff ( l ) = I n v E f f ( l ) / c o u n t ( l ) ;

l = l +1 ;

131 c o u n t ( l ) =1 ;

PR ( l ) = Agora3year . PR ( j ) ;

133 A r r a y E f f ( l ) = Agora3year . A r r a y E f f ( j ) ;

Sy sE f f ( l ) = Agora3year . S ysE f f ( j ) ;

135 A r r a y y i e l d ( l ) = Agora3year . d a i l y A r r a y y i e l d ( j ) ;

R e f y i e l d ( l ) = Agora3year . d a i l y R e f y i e l d ( j ) ;

137 F i n a l y i e l d ( l ) = Agora3year . d a i l y F i n a l y i e l d ( j ) ;

I r r a d i a n c e ( l ) = Agora3year . d a i l y _ a v g I r r a d i a n c e ( j ) ;

139 I n v E f f ( l ) = Agora3year . I n v E f f ( j ) ;

end

141 end

meanPR ( l ) =PR( l ) / c o u n t ( l ) ;

143 meanArrayEff ( l ) = Agora3year . A r r a y E f f ( l ) / c o u n t ( l ) ;

meanSysEff ( l ) = Agora3year . Sys Ef f ( l ) / c o u n t ( l ) ;

145 m e a n A r r a y y i e l d ( l ) = A r r a y y i e l d ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d ( l ) = F i n a l y i e l d ( l ) / c o u n t ( l ) ;

147 meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

149 meanInvEff ( l ) = I n v E f f ( l ) / c o u n t ( l ) ;

151 w e e k l y A r r a y E f f =meanArrayEff ’ ;

weeklyPR=meanPR ’ ;

153 week lySysEf f =meanSysEff ’ ;

w e e k l y A r r a y y i e l d = meanArrayy ie ld ’ ;

155 w e e k l y F i n a l y i e l d = m e a n F i n a l y i e l d ’ ;

w e e k l y R e f y i e l d = meanRefy ie ld ’ ;

157 w e e k l y I r r a d i a n c e = m e a n I r r a d i a n c e ’ ;
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w e e k l y I n v E f f =meanInvEff ’ ;

159

c l e a r p j i r r i h a A r r a y E f f A r r a y y i e l d F i n a l y i e l d I r r a d i a n c e PR R e f y i e l d

. . .

161 Sy sE f f meanArrayEff meanPR meanSysEff m e a n A r r a y y i e l d m e a n F i n a l y i e l d

. . .

meanRefy i e ld m e a n I r r a d i a n c e meanInvEff I n v E f f

163 % Weekly v a l u e s t o be used i n ARIMA model v a l u e and d e g r a d a t i o n

% c a l c u l a t i o n s .

165 s ave Ag or aw ee k ly va lu e s . mat w e e k l y A r r a y E f f weeklyPR week lySysEf f . . .

w e e k l y A r r a y y i e l d w e e k l y F i n a l y i e l d w e e k l y R e f y i e l d w e e k l y I r r a d i a n c e . . .

167 w e e k l y I n v E f f

code/Matcode/monthlyWeeklyAveragesAgora.m

1 %W r i t t e n by Dereck Mutungi

3 % This program i s used t o g e t t h e monthly a v e r a g e s o f t h e d a t a c o l l e c t e d .

% Weekly a v e r a g e s were a l s o c a l c u l a t e d and a s t a c k graph p l o t t e d f o r t h e

5 % monthly y i e l d v a l u e s .

%%

7 c l e a r a l l ; c l o s e a l l ; c l c ;

%Load n e c e s s a r y 7 y e a r S j a r v i d a t a m a t r i x t o p l o t g r a p h s . See

9 %G r i d A r r a y e n e r g i e s .m

l o a d 7 y e a r c y c l e . mat

11 %%

[Y( 1 ) M( 1 ) D( 1 ) H( 1 ) MN( 1 ) S ( 1 ) ] = d a t e v e c ( S j a r v i 7 y e a r . day ( 1 ) ) ;

13 l =1 ;

PR1 ( l ) = S j a r v i 7 y e a r . PR1 ( 1 ) ;

15 c o u n t ( l ) =1 ;

month ( l ) =0 ;

17 A r r a y E f f 1 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 1 ( 1 ) ;

SysEf f1 ( l ) = S j a r v i 7 y e a r . SysEf f1 ( 1 ) ;

19 A r r a y y i e l d 1 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 1 ( 1 ) ;

R e f y i e l d ( l ) = S j a r v i 7 y e a r . R e f y i e l d ( 1 ) ;

21 F i n a l y i e l d 1 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 1 ( 1 ) ;

I r r a d i a n c e ( l ) = S j a r v i 7 y e a r . a v g I r r a d i a n c e ( 1 ) ;

23 PR2 ( l ) = S j a r v i 7 y e a r . PR2 ( 1 ) ;
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A r r a y E f f 2 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 2 ( 1 ) ;

25 SysEf f2 ( l ) = S j a r v i 7 y e a r . SysEf f2 ( 1 ) ;

A r r a y y i e l d 2 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 2 ( 1 ) ;

27 F i n a l y i e l d 2 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 2 ( 1 ) ;

I n v E f f 1 ( l ) = S j a r v i 7 y e a r . I n v E f f 1 ( 1 ) ;

29 I n v E f f 2 ( l ) = S j a r v i 7 y e a r . I n v E f f 2 ( 1 ) ;

f o r j =2 : l e n g t h ( S j a r v i 7 y e a r . day )

31

[Y( j ) M( j ) D( j ) H( j ) MN( j ) S ( j ) ] = d a t e v e c ( S j a r v i 7 y e a r . day ( j ) ) ;

33 i f (M( j −1)== M( j ) ) && (Y( j −1) == Y( j ) )

month ( l ) =M( j ) ;

35 c o u n t ( l ) = c o u n t ( l ) +1 ;

PR1 ( l ) =PR1 ( l ) + S j a r v i 7 y e a r . PR1 ( j ) ;

37 A r r a y E f f 1 ( l ) = A r r a y E f f 1 ( l ) + S j a r v i 7 y e a r . A r r a y E f f 1 ( j ) ;

SysEf f1 ( l ) = SysEf f1 ( l ) + S j a r v i 7 y e a r . SysEf f1 ( j ) ;

39 A r r a y y i e l d 1 ( l ) = A r r a y y i e l d 1 ( l ) + S j a r v i 7 y e a r . A r r a y y i e l d 1 ( j ) ;

R e f y i e l d ( l ) = R e f y i e l d ( l ) + S j a r v i 7 y e a r . R e f y i e l d ( j ) ;

41 F i n a l y i e l d 1 ( l ) = F i n a l y i e l d 1 ( l ) + S j a r v i 7 y e a r . F i n a l y i e l d 1 ( j ) ;

I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) + S j a r v i 7 y e a r . a v g I r r a d i a n c e ( j ) ;

43 PR2 ( l ) =PR2 ( l ) + S j a r v i 7 y e a r . PR2 ( j ) ;

A r r a y E f f 2 ( l ) = A r r a y E f f 2 ( l ) + S j a r v i 7 y e a r . A r r a y E f f 2 ( j ) ;

45 SysEf f2 ( l ) = SysEf f2 ( l ) + S j a r v i 7 y e a r . SysEf f2 ( j ) ;

A r r a y y i e l d 2 ( l ) = A r r a y y i e l d 2 ( l ) + S j a r v i 7 y e a r . A r r a y y i e l d 2 ( j ) ;

47 F i n a l y i e l d 2 ( l ) = F i n a l y i e l d 2 ( l ) + S j a r v i 7 y e a r . F i n a l y i e l d 2 ( j ) ;

e l s e

49 meanPR1 ( l ) =PR1 ( l ) / c o u n t ( l ) ;

meanArrayEff1 ( l ) = A r r a y E f f 1 ( l ) / c o u n t ( l ) ;

51 meanSysEff1 ( l ) = SysEf f1 ( l ) / c o u n t ( l ) ;

mean Ar rayy i e ld1 ( l ) = A r r a y y i e l d 1 ( l ) / c o u n t ( l ) ;

53 m e a n F i n a l y i e l d 1 ( l ) = F i n a l y i e l d 1 ( l ) / c o u n t ( l ) ;

meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

55 m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

meanPR2 ( l ) =PR2 ( l ) / c o u n t ( l ) ;

57 meanArrayEff2 ( l ) = A r r a y E f f 2 ( l ) / c o u n t ( l ) ;

meanSysEff2 ( l ) = SysEf f2 ( l ) / c o u n t ( l ) ;

59 mean Ar rayy i e ld2 ( l ) = A r r a y y i e l d 2 ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d 2 ( l ) = F i n a l y i e l d 2 ( l ) / c o u n t ( l ) ;
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61 meanInvEff1 ( l ) = I n v E f f 1 ( l ) / c o u n t ( l ) ;

meanInvEff2 ( l ) = I n v E f f 2 ( l ) / c o u n t ( l ) ;

63 l = l +1 ;

month ( l ) =M( j ) ;

65 c o u n t ( l ) =1 ;

PR1 ( l ) = S j a r v i 7 y e a r . PR1 ( j ) ;

67 A r r a y E f f 1 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 1 ( j ) ;

SysEf f1 ( l ) = S j a r v i 7 y e a r . SysEf f1 ( j ) ;

69 A r r a y y i e l d 1 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 1 ( j ) ;

R e f y i e l d ( l ) = S j a r v i 7 y e a r . R e f y i e l d ( j ) ;

71 F i n a l y i e l d 1 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 1 ( j ) ;

I r r a d i a n c e ( l ) = S j a r v i 7 y e a r . a v g I r r a d i a n c e ( j ) ;

73 PR2 ( l ) = S j a r v i 7 y e a r . PR2 ( j ) ;

A r r a y E f f 2 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 2 ( j ) ;

75 SysEf f2 ( l ) = S j a r v i 7 y e a r . SysEf f2 ( j ) ;

A r r a y y i e l d 2 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 2 ( j ) ;

77 F i n a l y i e l d 2 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 2 ( j ) ;

I n v E f f 1 ( l ) = S j a r v i 7 y e a r . I n v E f f 1 ( j ) ;

79 I n v E f f 2 ( l ) = S j a r v i 7 y e a r . I n v E f f 2 ( j ) ;

end

81 end

meanPR1 ( l ) =PR1 ( l ) / c o u n t ( l ) ;

83 meanArrayEff1 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 1 ( l ) / c o u n t ( l ) ;

meanSysEff1 ( l ) = S j a r v i 7 y e a r . SysEf f1 ( l ) / c o u n t ( l ) ;

85 mean Ar rayy i e ld1 ( l ) = A r r a y y i e l d 1 ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d 1 ( l ) = F i n a l y i e l d 1 ( l ) / c o u n t ( l ) ;

87 meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

89 meanPR2 ( l ) =PR2 ( l ) / c o u n t ( l ) ;

meanArrayEff2 ( l ) = A r r a y E f f 2 ( l ) / c o u n t ( l ) ;

91 meanSysEff2 ( l ) = SysEf f2 ( l ) / c o u n t ( l ) ;

mean Ar rayy i e ld2 ( l ) = A r r a y y i e l d 2 ( l ) / c o u n t ( l ) ;

93 m e a n F i n a l y i e l d 2 ( l ) = F i n a l y i e l d 2 ( l ) / c o u n t ( l ) ;

meanInvEff1 ( l ) = I n v E f f 1 ( l ) / c o u n t ( l ) ;

95 meanInvEff2 ( l ) = I n v E f f 2 ( l ) / c o u n t ( l ) ;

97 c l e a r H M MN S Y c o u n t j i D l
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%%

99

% To c o m p l e t e t h e f u l l c y c l e , t h e m i s s i n g months a r e g i v e n a z e r o v a l u e .

101 % This does n o t a f f e c t t h e t r e n d i n g s i n c e , t h e r e w i l l be an i r r a d i a n c e

% c o n d i t i o n used t o f i l t e r .

103 n =16; n2 =28;

month =[ month ( 1 : n−1) , 4 , 5 , month ( n : n2−1) , 6 , month ( n2 : end ) ] ;

105 meanPR1 =[ meanPR1 ( 1 : n−1) ,NaN , NaN , meanPR1 ( n : n2−1) ,NaN , meanPR1 ( n2 : end ) ] ;

meanArrayEff1 =[ meanArrayEff1 ( 1 : n−1) ,NaN , NaN , meanArrayEff1 ( n : n2−1) , . . .

107 NaN , meanArrayEff1 ( n2 : end ) ] ;

meanSysEff1 =[ meanSysEff1 ( 1 : n−1) ,NaN , NaN , meanSysEff1 ( n : n2−1) , . . .

109 NaN , meanSysEff1 ( n2 : end ) ] ;

mean Ar rayy i e ld1 =[ mea nAr rayy i e ld1 ( 1 : n−1) ,NaN , NaN , me anAr rayy i e ld1 ( n : n2−1)

, . . .

111 NaN , meanAr rayy i e ld 1 ( n2 : end ) ] ;

m e a n F i n a l y i e l d 1 =[ m e a n F i n a l y i e l d 1 ( 1 : n−1) ,NaN , NaN , m e a n F i n a l y i e l d 1 ( n : n2−1)

, . . .

113 NaN , m e a n F i n a l y i e l d 1 ( n2 : end ) ] ;

meanRefy ie ld =[ meanRefy ie ld ( 1 : n−1) ,NaN , NaN , meanRefy ie ld ( n : n2−1) , . . .

115 NaN , meanRefy i e ld ( n2 : end ) ] ;

m e a n I r r a d i a n c e =[ m e a n I r r a d i a n c e ( 1 : n−1) ,NaN , NaN , m e a n I r r a d i a n c e ( n : n2−1) , . . .

117 NaN , m e a n I r r a d i a n c e ( n2 : end ) ] ;

meanPR2 =[ meanPR2 ( 1 : n−1) ,NaN , NaN , meanPR2 ( n : n2−1) ,NaN , meanPR2 ( n2 : end ) ] ;

119 meanArrayEff2 =[ meanArrayEff2 ( 1 : n−1) ,NaN , NaN , meanArrayEff2 ( n : n2−1) , . . .

NaN , meanArrayEff2 ( n2 : end ) ] ;

121 meanSysEff2 =[ meanSysEff2 ( 1 : n−1) ,NaN , NaN , meanSysEff2 ( n : n2−1) , . . .

NaN , meanSysEff2 ( n2 : end ) ] ;

123 mean Ar rayy i e ld2 =[ mea nAr rayy i e ld2 ( 1 : n−1) ,NaN , NaN , me anAr rayy i e ld2 ( n : n2−1)

, . . .

NaN , meanAr rayy i e ld 2 ( n2 : end ) ] ;

125 m e a n F i n a l y i e l d 2 =[ m e a n F i n a l y i e l d 2 ( 1 : n−1) ,NaN , NaN , m e a n F i n a l y i e l d 2 ( n : n2−1)

, . . .

NaN , m e a n F i n a l y i e l d 2 ( n2 : end ) ] ;

127 F i n a l y i e l d 1 =[ F i n a l y i e l d 1 ( 1 : n−1) ,NaN , NaN , F i n a l y i e l d 1 ( n : n2−1) , . . .

NaN , F i n a l y i e l d 1 ( n2 : end ) ] ;

129 F i n a l y i e l d 2 =[ F i n a l y i e l d 2 ( 1 : n−1) ,NaN , NaN , F i n a l y i e l d 2 ( n : n2−1) , . . .

NaN , F i n a l y i e l d 2 ( n2 : end ) ] ;
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131 A r r a y y i e l d 1 =[ A r r a y y i e l d 1 ( 1 : n−1) ,NaN , NaN , A r r a y y i e l d 1 ( n : n2−1) , . . .

NaN , A r r a y y i e l d 1 ( n2 : end ) ] ;

133 A r r a y y i e l d 2 =[ A r r a y y i e l d 2 ( 1 : n−1) ,NaN , NaN , A r r a y y i e l d 2 ( n : n2−1) , . . .

NaN , A r r a y y i e l d 2 ( n2 : end ) ] ;

135 R e f y i e l d =[ R e f y i e l d ( 1 : n−1) ,NaN , NaN , R e f y i e l d ( n : n2−1) , . . .

NaN , R e f y i e l d ( n2 : end ) ] ;

137 meanInvEff1 =[ meanInvEff1 ( 1 : n−1) ,NaN , NaN , meanInvEff1 ( n : n2−1) , . . .

NaN , meanInvEff1 ( n2 : end ) ] ;

139 meanInvEff2 =[ meanInvEff2 ( 1 : n−1) ,NaN , NaN , meanInvEff2 ( n : n2−1) , . . .

NaN , meanInvEff2 ( n2 : end ) ] ;

141

month=month ’ ;

143 m o n t h l y S j a r v i P R 1 =meanPR1 ’ ;

m o n t h l y S j a r v i A r r a y E f f 1 =meanArrayEff1 ’ ;

145 m o n t h l y S j a r v i S y s E f f 1 =meanSysEff1 ’ ;

m o n t h l y S j a r v i A r r a y y i e l d 1 = meanArrayy ie ld1 ’ ;

147 m o n t h l y S j a r v i F i n a l y i e l d 1 = m e a n F i n a l y i e l d 1 ’ ;

m o n t h l y S j a r v i R e f y i e l d 1 = meanRefy ie ld ’ ;

149 m o n t h l y S j a r v i I r r a d i a n c e = m e a n I r r a d i a n c e ’ ;

m o n t h l y S j a r v i P R 2 =meanPR2 ’ ;

151 m o n t h l y S j a r v i A r r a y E f f 2 =meanArrayEff2 ’ ;

m o n t h l y S j a r v i S y s E f f 2 =meanSysEff2 ’ ;

153 m o n t h l y S j a r v i A r r a y y i e l d 2 = meanArrayy ie ld2 ’ ;

m o n t h l y S j a r v i F i n a l y i e l d 2 = m e a n F i n a l y i e l d 2 ’ ;

155 m o n t h l y S j a r v i I n v E f f 1 = meanInvEff1 ’ ;

m o n t h l y S j a r v i I n v E f f 2 = meanInvEff2 ’ ;

157

s ave S j a r v i m o n t h l y v a l u e s . mat m o n t h l y S j a r v i P R 1 m o n t h l y S j a r v i A r r a y E f f 1 . . .

159 m o n t h l y S j a r v i S y s E f f 1 m o n t h l y S j a r v i A r r a y y i e l d 1

m o n t h l y S j a r v i F i n a l y i e l d 1 . . .

m o n t h l y S j a r v i R e f y i e l d 1 m o n t h l y S j a r v i I r r a d i a n c e m o n t h l y S j a r v i P R 2 . . .

161 m o n t h l y S j a r v i A r r a y E f f 2 m o n t h l y S j a r v i S y s E f f 2 m o n t h l y S j a r v i A r r a y y i e l d 2

. . .

m o n t h l y S j a r v i F i n a l y i e l d 2 m o n t h l y S j a r v i I n v E f f 1 m o n t h l y S j a r v i I n v E f f 2

163 %% P l o t t i n g o f s t a c k e d g r a p h s

f o r i =1 : l e n g t h ( F i n a l y i e l d 1 )

165 Tot1 { i }=[ F i n a l y i e l d 1 ( i ) A r r a y y i e l d 1 ( i )−F i n a l y i e l d 1 ( i ) . . .
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R e f y i e l d ( i )−A r r a y y i e l d 1 ( i ) ] ;

167 Tot2 { i }=[ F i n a l y i e l d 2 ( i ) A r r a y y i e l d 2 ( i )−F i n a l y i e l d 2 ( i ) . . .

R e f y i e l d ( i )−A r r a y y i e l d 2 ( i ) ] ;

169 end

s u b p l o t ( 2 , 1 , 1 )

171 T o t a l 1 = v e r t c a t ( Tot1 { 1 : l e n g t h ( Tot1 ) } ) ;

b a r ( To ta l1 , ’ s t a c k ’ ) ;

173 g r i d on

xl im ( [ 0 , 8 5 ] ) ;

175 s e t ( gca , ’ XTick ’ , 0 : 6 : 8 4 )

y l a b e l ( ’ Y i e l d s ( h /m) ’ ) ;

177 x l a b e l ( ’ Month ’ ) ;

t i t l e ( { ’ S t a c k e d graph showing t h e f i n a l y i e l d , c a p t u r e l o s s and sys tem

l o s s ’ ; . . .

179 ’ S j a r v i : Subsys tem 1 ’ } ) ;

l e g e n d ( ’Y_ f ’ , ’L_ s ’ , ’L_ c ’ ) ;

181 s u b p l o t ( 2 , 1 , 2 )

T o t a l 2 = v e r t c a t ( Tot2 { 1 : l e n g t h ( Tot2 ) } ) ;

183 b a r ( To ta l2 , ’ s t a c k ’ ) ;

g r i d on

185 xl im ( [ 0 , 8 5 ] ) ;

s e t ( gca , ’ XTick ’ , 0 : 6 : 8 4 )

187 y l a b e l ( ’ Y i e l d s ( h /m) ’ ) ;

x l a b e l ( ’ Month ’ ) ;

189 t i t l e ( { ’ S t a c k e d graph showing t h e f i n a l y i e l d , c a p t u r e l o s s and sys tem

l o s s ’ ; . . .

’ S j a r v i : Subsys tem 2 ’ } ) ;

191 l e g e n d ( ’Y_ f ’ , ’L_ s ’ , ’L_ c ’ ) ;

193

c l e a r p j i r r i h a A r r a y E f f 1 A r r a y y i e l d 1 F i n a l y i e l d 1 I r r a d i a n c e PR1 . . .

195 R e f y i e l d SysEf f1 meanArrayEff1 meanPR1 meanSysEff1 meanA r rayy i e ld1 . . .

m e a n F i n a l y i e l d 1 meanRefy ie ld m e a n I r r a d i a n c e A r r a y E f f 2 A r r a y y i e l d 2 . . .

197 F i n a l y i e l d 2 PR2 R e f y i e l d SysEf f2 meanArrayEff2 meanPR2 meanSysEff2 . . .

mean Ar rayy i e ld2 m e a n F i n a l y i e l d 2

199

%%
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201 %weekly a v e r a g e o f t h e d a t a

203 f o r d a y c o u n t =732678: 735234

pos = f i n d ( d a y c o u n t == S j a r v i 7 y e a r . day ) ;

205 i f ( l e n g t h ( pos ) <1)

p o s i t i o n = f i n d ( ( daycount −1)== S j a r v i 7 y e a r . day ) ;

207 S j a r v i 7 y e a r . day =[ S j a r v i 7 y e a r . day ( 1 : p o s i t i o n ) , daycount , . . .

S j a r v i 7 y e a r . day ( p o s i t i o n +1: end ) ] ;

209 S j a r v i 7 y e a r . A r r a y E f f 1 =[ S j a r v i 7 y e a r . A r r a y E f f 1 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . A r r a y E f f 1 ( p o s i t i o n +1: end ) ] ;

211 S j a r v i 7 y e a r . SysEf f1 =[ S j a r v i 7 y e a r . SysEf f1 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . SysEf f1 ( p o s i t i o n +1: end ) ] ;

213 S j a r v i 7 y e a r . A r r a y y i e l d 1 =[ S j a r v i 7 y e a r . A r r a y y i e l d 1 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . A r r a y y i e l d 1 ( p o s i t i o n +1: end ) ] ;

215 S j a r v i 7 y e a r . F i n a l y i e l d 1 =[ S j a r v i 7 y e a r . F i n a l y i e l d 1 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . F i n a l y i e l d 1 ( p o s i t i o n +1: end ) ] ;

217 S j a r v i 7 y e a r . PR1=[ S j a r v i 7 y e a r . PR1 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . PR1 ( p o s i t i o n +1: end ) ] ;

219 S j a r v i 7 y e a r . R e f y i e l d =[ S j a r v i 7 y e a r . R e f y i e l d ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . R e f y i e l d ( p o s i t i o n +1: end ) ] ;

221 S j a r v i 7 y e a r . a v g I r r a d i a n c e =[ S j a r v i 7 y e a r . a v g I r r a d i a n c e ( 1 : p o s i t i o n )

, 0 , . . .

S j a r v i 7 y e a r . a v g I r r a d i a n c e ( p o s i t i o n +1: end ) ] ;

223 S j a r v i 7 y e a r . A r r a y E f f 2 =[ S j a r v i 7 y e a r . A r r a y E f f 2 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . A r r a y E f f 2 ( p o s i t i o n +1: end ) ] ;

225 S j a r v i 7 y e a r . SysEf f2 =[ S j a r v i 7 y e a r . SysEf f2 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . SysEf f2 ( p o s i t i o n +1: end ) ] ;

227 S j a r v i 7 y e a r . A r r a y y i e l d 2 =[ S j a r v i 7 y e a r . A r r a y y i e l d 2 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . A r r a y y i e l d 2 ( p o s i t i o n +1: end ) ] ;

229 S j a r v i 7 y e a r . F i n a l y i e l d 2 =[ S j a r v i 7 y e a r . F i n a l y i e l d 2 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . F i n a l y i e l d 2 ( p o s i t i o n +1: end ) ] ;

231 S j a r v i 7 y e a r . PR2=[ S j a r v i 7 y e a r . PR2 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . PR2 ( p o s i t i o n +1: end ) ] ;

233 S j a r v i 7 y e a r . I n v E f f 1 =[ S j a r v i 7 y e a r . I n v E f f 1 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . I n v E f f 1 ( p o s i t i o n +1: end ) ] ;

235 S j a r v i 7 y e a r . I n v E f f 2 =[ S j a r v i 7 y e a r . I n v E f f 2 ( 1 : p o s i t i o n ) , 0 , . . .

S j a r v i 7 y e a r . I n v E f f 2 ( p o s i t i o n +1: end ) ] ;
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237 end

end

239 l =1 ;

PR1 ( l ) = S j a r v i 7 y e a r . PR1 ( 1 ) ;

241 c o u n t ( l ) =1 ;

A r r a y E f f 1 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 1 ( 1 ) ;

243 SysEf f1 ( l ) = S j a r v i 7 y e a r . SysEf f1 ( 1 ) ;

A r r a y y i e l d 1 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 1 ( 1 ) ;

245 R e f y i e l d ( l ) = S j a r v i 7 y e a r . R e f y i e l d ( 1 ) ;

F i n a l y i e l d 1 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 1 ( 1 ) ;

247 I r r a d i a n c e ( l ) = S j a r v i 7 y e a r . a v g I r r a d i a n c e ( 1 ) ;

PR2 ( l ) = S j a r v i 7 y e a r . PR2 ( 1 ) ;

249 A r r a y E f f 2 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 2 ( 1 ) ;

SysEf f2 ( l ) = S j a r v i 7 y e a r . SysEf f2 ( 1 ) ;

251 A r r a y y i e l d 2 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 2 ( 1 ) ;

F i n a l y i e l d 2 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 2 ( 1 ) ;

253 I n v E f f 1 ( l ) = S j a r v i 7 y e a r . I n v E f f 1 ( 1 ) ;

I n v E f f 2 ( l ) = S j a r v i 7 y e a r . I n v E f f 2 ( 1 ) ;

255 f o r j =2 : l e n g t h ( S j a r v i 7 y e a r . day )

i f ( mod ( j , 7 ) ~ =0)

257 c o u n t ( l ) = c o u n t ( l ) +1 ;

PR1 ( l ) =PR1 ( l ) + S j a r v i 7 y e a r . PR1 ( j ) ;

259 A r r a y E f f 1 ( l ) = A r r a y E f f 1 ( l ) + S j a r v i 7 y e a r . A r r a y E f f 1 ( j ) ;

SysEf f1 ( l ) = SysEf f1 ( l ) + S j a r v i 7 y e a r . SysEf f1 ( j ) ;

261 A r r a y y i e l d 1 ( l ) = A r r a y y i e l d 1 ( l ) + S j a r v i 7 y e a r . A r r a y y i e l d 1 ( j ) ;

R e f y i e l d ( l ) = R e f y i e l d ( l ) + S j a r v i 7 y e a r . R e f y i e l d ( j ) ;

263 F i n a l y i e l d 1 ( l ) = F i n a l y i e l d 1 ( l ) + S j a r v i 7 y e a r . F i n a l y i e l d 1 ( j ) ;

I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) + S j a r v i 7 y e a r . a v g I r r a d i a n c e ( j ) ;

265 PR2 ( l ) =PR2 ( l ) + S j a r v i 7 y e a r . PR2 ( j ) ;

A r r a y E f f 2 ( l ) = A r r a y E f f 2 ( l ) + S j a r v i 7 y e a r . A r r a y E f f 2 ( j ) ;

267 SysEf f2 ( l ) = SysEf f2 ( l ) + S j a r v i 7 y e a r . SysEf f2 ( j ) ;

A r r a y y i e l d 2 ( l ) = A r r a y y i e l d 2 ( l ) + S j a r v i 7 y e a r . A r r a y y i e l d 2 ( j ) ;

269 F i n a l y i e l d 2 ( l ) = F i n a l y i e l d 2 ( l ) + S j a r v i 7 y e a r . F i n a l y i e l d 2 ( j ) ;

I n v E f f 1 ( l ) = I n v E f f 1 ( l ) + S j a r v i 7 y e a r . I n v E f f 1 ( j ) ;

271 I n v E f f 2 ( l ) = I n v E f f 2 ( l ) + S j a r v i 7 y e a r . I n v E f f 2 ( j ) ;

e l s e

273 meanPR1 ( l ) =PR1 ( l ) / c o u n t ( l ) ;
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meanArrayEff1 ( l ) = A r r a y E f f 1 ( l ) / c o u n t ( l ) ;

275 meanSysEff1 ( l ) = SysEf f1 ( l ) / c o u n t ( l ) ;

mean Ar rayy i e ld1 ( l ) = A r r a y y i e l d 1 ( l ) / c o u n t ( l ) ;

277 m e a n F i n a l y i e l d 1 ( l ) = F i n a l y i e l d 1 ( l ) / c o u n t ( l ) ;

meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;

279 m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

meanPR2 ( l ) =PR2 ( l ) / c o u n t ( l ) ;

281 meanArrayEff2 ( l ) = A r r a y E f f 2 ( l ) / c o u n t ( l ) ;

meanSysEff2 ( l ) = SysEf f2 ( l ) / c o u n t ( l ) ;

283 mean Ar rayy i e ld2 ( l ) = A r r a y y i e l d 2 ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d 2 ( l ) = F i n a l y i e l d 2 ( l ) / c o u n t ( l ) ;

285 meanInvEff1 ( l ) = I n v E f f 1 ( l ) / c o u n t ( l ) ;

meanInvEff2 ( l ) = I n v E f f 2 ( l ) / c o u n t ( l ) ;

287 l = l +1 ;

c o u n t ( l ) =1 ;

289 PR1 ( l ) = S j a r v i 7 y e a r . PR1 ( j ) ;

A r r a y E f f 1 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 1 ( j ) ;

291 SysEf f1 ( l ) = S j a r v i 7 y e a r . SysEf f1 ( j ) ;

A r r a y y i e l d 1 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 1 ( j ) ;

293 R e f y i e l d ( l ) = S j a r v i 7 y e a r . R e f y i e l d ( j ) ;

F i n a l y i e l d 1 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 1 ( j ) ;

295 I r r a d i a n c e ( l ) = S j a r v i 7 y e a r . a v g I r r a d i a n c e ( j ) ;

PR2 ( l ) = S j a r v i 7 y e a r . PR2 ( j ) ;

297 A r r a y E f f 2 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 2 ( j ) ;

SysEf f2 ( l ) = S j a r v i 7 y e a r . SysEf f2 ( j ) ;

299 A r r a y y i e l d 2 ( l ) = S j a r v i 7 y e a r . A r r a y y i e l d 2 ( j ) ;

F i n a l y i e l d 2 ( l ) = S j a r v i 7 y e a r . F i n a l y i e l d 2 ( j ) ;

301 I n v E f f 1 ( l ) = S j a r v i 7 y e a r . I n v E f f 1 ( j ) ;

I n v E f f 2 ( l ) = S j a r v i 7 y e a r . I n v E f f 2 ( j ) ;

303 end

end

305 meanPR1 ( l ) =PR1 ( l ) / c o u n t ( l ) ;

meanArrayEff1 ( l ) = S j a r v i 7 y e a r . A r r a y E f f 1 ( l ) / c o u n t ( l ) ;

307 meanSysEff1 ( l ) = S j a r v i 7 y e a r . SysEf f1 ( l ) / c o u n t ( l ) ;

mean Ar rayy i e ld1 ( l ) = A r r a y y i e l d 1 ( l ) / c o u n t ( l ) ;

309 m e a n F i n a l y i e l d 1 ( l ) = F i n a l y i e l d 1 ( l ) / c o u n t ( l ) ;

meanRefy ie ld ( l ) = R e f y i e l d ( l ) / c o u n t ( l ) ;
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311 m e a n I r r a d i a n c e ( l ) = I r r a d i a n c e ( l ) / c o u n t ( l ) ;

meanPR2 ( l ) =PR2 ( l ) / c o u n t ( l ) ;

313 meanArrayEff2 ( l ) = A r r a y E f f 2 ( l ) / c o u n t ( l ) ;

meanSysEff2 ( l ) = SysEf f2 ( l ) / c o u n t ( l ) ;

315 mean Ar rayy i e ld2 ( l ) = A r r a y y i e l d 2 ( l ) / c o u n t ( l ) ;

m e a n F i n a l y i e l d 2 ( l ) = F i n a l y i e l d 2 ( l ) / c o u n t ( l ) ;

317 meanInvEff1 ( l ) = I n v E f f 1 ( l ) / c o u n t ( l ) ;

meanInvEff2 ( l ) = I n v E f f 2 ( l ) / c o u n t ( l ) ;

319

week lyS ja rv iPR1 =meanPR1 ’ ;

321 w e e k l y S j a r v i A r r a y E f f 1 =meanArrayEff1 ’ ;

w e e k l y S j a r v i S y s E f f 1 =meanSysEff1 ’ ;

323 w e e k l y S j a r v i A r r a y y i e l d 1 = meanArrayy ie ld1 ’ ;

w e e k l y S j a r v i F i n a l y i e l d 1 = m e a n F i n a l y i e l d 1 ’ ;

325 w e e k l y S j a r v i R e f y i e l d = meanRefy ie ld ’ ;

w e e k l y S j a r v i I r r a d i a n c e = m e a n I r r a d i a n c e ’ ;

327 week lyS ja rv iPR2 =meanPR2 ’ ;

w e e k l y S j a r v i A r r a y E f f 2 =meanArrayEff2 ’ ;

329 w e e k l y S j a r v i S y s E f f 2 =meanSysEff2 ’ ;

w e e k l y S j a r v i A r r a y y i e l d 2 = meanArrayy ie ld2 ’ ;

331 w e e k l y S j a r v i F i n a l y i e l d 2 = m e a n F i n a l y i e l d 2 ’ ;

w e e k l y S j a r v i I n v E f f 1 = meanInvEff1 ’ ;

333 w e e k l y S j a r v i I n v E f f 2 = meanInvEff2 ’ ;

c l e a r p j i r r i h a A r r a y E f f 1 A r r a y y i e l d 1 F i n a l y i e l d 1 I r r a d i a n c e PR1

R e f y i e l d . . .

335 SysEf f1 meanArrayEff1 meanPR1 meanSysEff1 mea nAr rayy i e ld1

m e a n F i n a l y i e l d 1 . . .

meanRefy i e ld m e a n I r r a d i a n c e A r r a y E f f 2 A r r a y y i e l d 2 F i n a l y i e l d 2 PR2

R e f y i e l d . . .

337 SysEf f2 meanArrayEff2 meanPR2 meanSysEff2 mea nAr rayy i e ld2

m e a n F i n a l y i e l d 2 . . .

% Weekly v a l u e s w i l l be used i n g e t t i n g ARIMA model v a l u e s . Also

339 % d e g r a d a t i o n c a l c u l a t i o n s .

s ave S j a r v i w e e k l y v a l u e s . mat w e e k l y S j a r v i A r r a y E f f 1 week lyS j a rv iPR1 . . .

341 w e e k l y S j a r v i S y s E f f 1 w e e k l y S j a r v i A r r a y y i e l d 1 w e e k l y S j a r v i F i n a l y i e l d 1

. . .

w e e k l y S j a r v i R e f y i e l d w e e k l y S j a r v i I r r a d i a n c e w e e k l y S j a r v i A r r a y E f f 2 . . .
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343 week lyS ja rv iPR2 w e e k l y S j a r v i S y s E f f 2 w e e k l y S j a r v i A r r a y y i e l d 2 . . .

w e e k l y S j a r v i F i n a l y i e l d 2 w e e k l y S j a r v i I n v E f f 1 w e e k l y S j a r v i I n v E f f 2

code/Matcode/monthlyAverages.m

The same format was used to plot performance indices for Saarijärvi data. Therefore there

is no need to replicate the code.

%W r i t t e n by Derek Mutungi

2

% This code p l o t s d i f f e r e n t s c a t t e r p l o t s u s i n g p e r f o r m a n c e i n d i c e s f o r

4 %Agora .

%%

6 c l e a r a l l ; c l o s e a l l ; c l c ;

%Load n e c e s s a r y Agora m a t r i x t o p l o t g r a p h s . See A g o r a P e r f o r m a n c e I n d i c e s .

m

8 l o a d Agora3year . mat

%S e t t i n g c o n s t a n t s

10 x t a g = ’ Time ( month / y e a r ) ’ ;

n = l e n g t h ( Agora3year . day ) ;

12 %% Graphs

% Graph of y i e l d s a g a i n s t t ime

14 f i g u r e ( 1 ) ;

s u b p l o t ( 1 , 2 , 1 ) ;

16 p l o t ( Agora3year . day , Agora3year . d a i l y A r r a y y i e l d , ’ . ’ ) ;

ho ld on

18 g r i d on

t i t l e ( ’ Array y i e l d ’ ) ;

20 s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

x l im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

22 x l a b e l ( x t a g ) ;

y l a b e l ( ’ Y i e l d ( h / d ) ’ ) ;

24 d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

y l im ( [ 0 , 9 ] ) ;

26 s u b p l o t ( 1 , 2 , 2 ) ;

p l o t ( Agora3year . day , Agora3year . d a i l y F i n a l y i e l d , ’ * r ’ )

28 ho ld on

g r i d on
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30 t i t l e ( ’ F i n a l y i e l d ’ ) ;

s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

32 xl im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

x l a b e l ( x t a g ) ;

34 y l a b e l ( ’ Y i e l d ( h / d ) ’ ) ;

d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

36 yl im ( [ 0 , 9 ] ) ;

f i g u r e ( 2 ) ;

38 p l o t ( Agora3year . day , Agora3year . d a i l y R e f y i e l d , ’ . g ’ )

ho ld on

40 g r i d on

t i t l e ( ’ R e f e r e n c e y i e l d ’ ) ;

42 s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

x l im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

44 x l a b e l ( x t a g ) ;

y l a b e l ( ’ Y i e l d ( h / d ) ’ ) ;

46 d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

y l im ( [ 0 , 9 ] ) ;

48 %

%Graphs o f e f f i c i e n c i e s wi th t ime

50 f i g u r e ( 3 ) ;

s u b p l o t ( 1 , 2 , 1 ) ;

52 p l o t ( Agora3year . day , Agora3year . PR , ’ . ’ )

ho ld on

54 g r i d on

t i t l e ( ’ Pe r fo rmance R a t i o ’ ) ;

56 s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

x l im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

58 x l a b e l ( x t a g ) ;

y l a b e l ( ’ Pe r fo rmance R a t i o ’ ) ;

60 d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

y l im ( [ 0 , 1 ] ) ;

62 s u b p l o t ( 1 , 2 , 2 ) ;

p l o t ( Agora3year . day , Agora3year . InvEf f , ’ . g ’ )

64 ho ld on

g r i d on

66 t i t l e ( ’ I n v e r t e r e f f i c i e n c y ’ ) ;
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s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

68 xl im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

x l a b e l ( x t a g ) ;

70 d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

y l a b e l ( ’ I n v e r t e r e f f i c i e n c y , \ e t a _{ i n v } ’ ) ;

72 yl im ( [ 0 , 1 ] ) ;

74 f i g u r e ( 4 ) ;

p l o t ( Agora3year . day , Agora3year . LC , ’ * r ’ )

76 ho ld on

g r i d on

78 t i t l e ( ’ C a p t u r e Loss ’ ) ;

s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

80 xl im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

x l a b e l ( x t a g ) ;

82 d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

y l a b e l ( ’ C a p t u r e Loss , L_C ( h / d ) ’ ) ;

84 yl im ([− i n f , 6 ] ) ;

86 f i g u r e ( 5 )

s u b p l o t ( 1 , 2 , 1 )

88 p l o t ( Agora3year . day , Agora3year . SysEff , ’ . g ’ )

ho ld on

90 g r i d on

t i t l e ( ’ System e f f i c i e n c y ’ ) ;

92 s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

x l im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

94 x l a b e l ( x t a g ) ;

d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

96 y l a b e l ( ’ System e f f i c i e n c y , \ e t a _{ s y s } ’ ) ;

y l im ( [ 0 , 0 . 1 6 ] ) ;

98 s u b p l o t ( 1 , 2 , 2 )

p l o t ( Agora3year . day , Agora3year . Ar rayEf f , ’ . g ’ )

100 ho ld on

g r i d on

102 t i t l e ( ’ Array e f f i c i e n c y ’ ) ;

s e t ( gca , ’ XTick ’ , Agora3year . day ( 1 ) : 1 0 0 : Agora3year . day ( n ) ) ;

123



104 xl im ( [ Agora3year . day ( 1 ) , Agora3year . day ( n ) ] ) ;

x l a b e l ( x t a g ) ;

106 d a t e t i c k ( ’ x ’ , ’mm/ yy ’ ) ;

y l a b e l ( ’ Array e f f i c i e n c y , \ e t a _{ a r r a y } ’ ) ;

108 yl im ( [ 0 , 0 . 1 6 ] ) ;

%%

110 %Graphs o f a f f e c t o f ambien t and c e l l t e m p e r a t u r e s t o Pe r fo rmance Ra t io ,

%C a p t u r e Loss , System e f f i c i e n c y

112 f i g u r e ( 6 )

s u b p l o t ( 1 , 2 , 1 ) ;

114 p l o t ( Agora3year . d a i l y _ avgCel l t emp , Agora3year . SysEff , ’ . r ’ )

ho ld on

116 g r i d on

t i t l e ( ’ System e f f i c i e n c y as a f u n c t i o n o f c e l l t e m p e r a t u r e ’ ) ;

118 x l a b e l ( ’ C e l l t e m p e r a t u r e ( ^ oC ) ’ ) ;

y l a b e l ( ’ System e f f i c i e n c y , \ e t a _{ s y s } ’ ) ;

120 yl im ( [ 0 , 0 . 1 6 ] ) ;

x l im ( [ −3 0 , 4 0 ] ) ;

122 s u b p l o t ( 1 , 2 , 2 ) ;

p l o t ( Agora3year . d a i l y _avgAmbtemp , Agora3year . SysEff , ’ . b ’ )

124 ho ld on

g r i d on

126 t i t l e ( ’ System e f f i c i e n c y as a f u n c t i o n o f ambien t t e m p e r a t u r e ’ ) ;

x l a b e l ( ’ Ambient t e m p e r a t u r e ( ^ oC ) ’ ) ;

128 y l a b e l ( ’ System e f f i c i e n c y , \ e t a _{ s y s } ’ ) ;

y l im ( [ 0 , 0 . 1 6 ] ) ;

130 xl im ( [ −3 0 , 4 0 ] ) ;

132 f i g u r e ( 7 )

s u b p l o t ( 1 , 2 , 1 ) ;

134 p l o t ( Agora3year . d a i l y _ avgCel l t emp , Agora3year . Ar rayEf f , ’ . r ’ )

ho ld on

136 g r i d on

t i t l e ( ’ Array e f f i c i e n c y as a f u n c t i o n o f c e l l t e m p e r a t u r e ’ ) ;

138 x l a b e l ( ’ C e l l t e m p e r a t u r e ( ^ oC ) ’ ) ;

y l a b e l ( ’ Array e f f i c i e n c y , \ e t a _{ a r r a y } ’ ) ;

140 yl im ( [ 0 , 0 . 1 6 ] ) ;
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xl im ( [ −3 0 , 4 0 ] ) ;

142 s u b p l o t ( 1 , 2 , 2 ) ;

p l o t ( Agora3year . d a i l y _avgAmbtemp , Agora3year . Ar rayEf f , ’ . b ’ )

144 ho ld on

g r i d on

146 t i t l e ( ’ Array e f f i c i e n c y as a f u n c t i o n o f ambien t t e m p e r a t u r e ’ ) ;

x l a b e l ( ’ Ambient t e m p e r a t u r e ( ^ oC ) ’ ) ;

148 y l a b e l ( ’ Array e f f i c i e n c y , \ e t a _{ a r r a y } ’ ) ;

y l im ( [ 0 , 0 . 1 6 ] ) ;

150 xl im ( [ −3 0 , 4 0 ] ) ;

152

f i g u r e ( 8 )

154 s u b p l o t ( 1 , 2 , 1 ) ;

p l o t ( Agora3year . d a i l y _ avgCel l t emp , Agora3year . PR , ’ . r ’ )

156 ho ld on

g r i d on

158 t i t l e ( ’ Pe r fo rmance R a t i o as a f u n c t i o n o f c e l l t e m p e r a t u r e : Agora ’ ) ;

x l a b e l ( ’ C e l l t e m p e r a t u r e ( ^ oC ) ’ ) ;

160 y l a b e l ( ’ Pe r fo rmance R a t i o ’ ) ;

y l im ( [ 0 , 1 ] ) ;

162 xl im ( [ −3 0 , 4 0 ] ) ;

s u b p l o t ( 1 , 2 , 2 ) ;

164 p l o t ( Agora3year . d a i l y _avgAmbtemp , Agora3year . PR , ’ . b ’ )

ho ld on

166 g r i d on

t i t l e ( ’ Pe r fo rmance R a t i o as a f u n c t i o n o f ambien t t e m p e r a t u r e ’ ) ;

168 x l a b e l ( ’ Ambient t e m p e r a t u r e ( ^ oC ) ’ ) ;

y l a b e l ( ’ Pe r fo rmance R a t i o ’ ) ;

170 yl im ( [ 0 , 1 ] ) ;

x l im ( [ −3 0 , 4 0 ] ) ;

172

%%

174 % C a p t u r e l o s s a s a f u n c t i o n o f t e m p e r a t u r e

f i g u r e ( 9 )

176 s u b p l o t ( 1 , 2 , 1 ) ;

p l o t ( Agora3year . d a i l y _ avgCel l t emp , Agora3year . LC , ’ . r ’ )
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178 ho ld on

g r i d on

180 t i t l e ( ’ C a p t u r e l o s s a s a f u n c t i o n o f c e l l t e m p e r a t u r e ’ ) ;

x l a b e l ( ’ C e l l t e m p e r a t u r e ( ^ oC ) ’ ) ;

182 y l a b e l ( ’ C a p t u r e l o s s ( h / d ) ’ ) ;

y l im ( [ 0 , 6 ] ) ;

184 xl im ( [ −3 0 , 4 0 ] ) ;

s u b p l o t ( 1 , 2 , 2 ) ;

186 p l o t ( Agora3year . d a i l y _avgAmbtemp , Agora3year . LC , ’ . b ’ )

ho ld on

188 g r i d on

t i t l e ( ’ C a p t u r e l o s s a s a f u n c t i o n o f ambien t t e m p e r a t u r e ’ ) ;

190 x l a b e l ( ’ Ambient t e m p e r a t u r e ( ^ oC ) ’ ) ;

y l a b e l ( ’ C a p t u r e l o s s ( h / d ) ’ ) ;

192 yl im ( [ 0 , 6 ] ) ;

x l im ( [ −3 0 , 4 0 ] ) ;

194

f i g u r e ( 1 0 )

196 s u b p l o t ( 1 , 2 , 1 ) ;

p l o t ( Agora3year . d a i l y _ a v g I r r a d i a n c e , Agora3year . LC , ’ . r ’ )

198 ho ld on

g r i d on

200 t i t l e ( ’ C a p t u r e l o s s a s a f u n c t i o n o f i r r a d i a n c e ’ ) ;

y l a b e l ( ’ C a p t u r e l o s s ( h / d ) ’ ) ;

202 x l a b e l ( ’ Average I r r a d i a n c e (W/m^2 d ) ’ ) ;

y l im ( [ 0 , 6 ] ) ;

204 xl im ( [ 0 , 6 0 0 ] ) ;

s u b p l o t ( 1 , 2 , 2 ) ;

206 p l o t ( Agora3year . d a i l y _ a v g I r r a d i a n c e , Agora3year . LS , ’ . b ’ )

ho ld on

208 g r i d on

t i t l e ( ’ System l o s s as a f u n c t i o n o f i r r a d i a n c e ’ ) ;

210 y l a b e l ( ’ System l o s s ( h / d ) ’ ) ;

x l a b e l ( ’ Average I r r a d i a n c e (W/m^2 d ) ’ ) ;

212 yl im ( [ 0 , 6 ] ) ;

x l im ( [ 0 , 6 0 0 ] ) ;

214
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f i g u r e ( 1 1 )

216 p l o t ( Agora3year . d a i l y _ a v g I r r a d i a n c e , Agora3year . Ar rayEf f , ’ . b ’ )

ho ld on

218 g r i d on

t i t l e ( ’ Array e f f i c i e n c y as a f u n c t i o n o f a v e r a g e i r r a d i a n c e ’ ) ;

220 y l a b e l ( ’ Array e f f i c i e n c y \ e t a _{ a r r a y } ’ ) ;

x l a b e l ( ’ Average I r r a d i a n c e (W/m^2 d ) ’ ) ;

222 yl im ( [ 0 , 0 . 1 5 ] ) ;

x l im ( [ 0 , 6 0 0 ] ) ;

224

226 f i g u r e ( 1 2 )

x1 = Agora3year . day ( 1 ) : Agora3year . day ( n ) ;

228 y1 = Agora3year . LC ;

x2 = Agora3year . day ( 1 ) : Agora3year . day ( n ) ;

230 y2 = Agora3year . d a i l y _ avgCe l l t emp ;

h l 1 = l i n e ( x1 , y1 , ’ Co lo r ’ , ’ r ’ ) ;

232 ax1 = gca ;

s e t ( ax1 , ’ XColor ’ , ’ r ’ , ’ YColor ’ , ’ r ’ )

234 ax2 = axes ( ’ P o s i t i o n ’ , g e t ( ax1 , ’ P o s i t i o n ’ ) , . . .

’ XAxisLoca t ion ’ , ’ t o p ’ , . . .

236 ’ YAxisLoca t ion ’ , ’ r i g h t ’ , . . .

’ Co lo r ’ , ’ none ’ , . . .

238 ’ XColor ’ , ’ k ’ , ’ YColor ’ , ’ k ’ ) ;

h l 2 = l i n e ( x2 , y2 , ’ Co lo r ’ , ’ k ’ , ’ P a r e n t ’ , ax2 ) ;

240 x l i m i t s = g e t ( ax1 , ’XLim ’ ) ;

y l i m i t s = g e t ( ax1 , ’YLim ’ ) ;

242 x i n c = ( x l i m i t s ( 2 )−x l i m i t s ( 1 ) ) / 5 ;

y i n c = ( y l i m i t s ( 2 )−y l i m i t s ( 1 ) ) / 5 ;

244 s e t ( ax1 , ’ XTick ’ , [ x l i m i t s ( 1 ) : x i n c : x l i m i t s ( 2 ) ] , . . .

’ YTick ’ , [ y l i m i t s ( 1 ) : y i n c : y l i m i t s ( 2 ) ] ) ;

246 s e t ( g e t ( ax1 , ’ Y l a b e l ’ ) , ’ S t r i n g ’ , ’ C a p t u r e l o s s ( h / d ) ’ )

s e t ( g e t ( ax2 , ’ Y l a b e l ’ ) , ’ S t r i n g ’ , ’ C e l l t e m p e r a t u r e ( ^ oC ) ’ )

248 s e t ( g e t ( ax1 , ’ X l a b e l ’ ) , ’ S t r i n g ’ , ’ Time ( month / y e a r ) ’ )

s e t ( g e t ( ax2 , ’ X l a b e l ’ ) , ’ S t r i n g ’ , ’ Time ( month / y e a r ) ’ )

250 d a t e t i c k ( ax1 , ’ x ’ , ’mm/ yy ’ ) ;

d a t e t i c k ( ax2 , ’ x ’ , ’mm/ yy ’ ) ;
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code/Matcode/AgoraGraphs.m
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10-minute average data values were used to find the behaviour of array efficiency, PR, nor-

malised array power at different cell temperature and irradiance levels.

%W r i t t e n by Dereck Mutungi

2

% This program i s used t o d e r i v e t h e a r r a y e f f i c i e n c y f o r Agora and

4 % S a a r i j a r v i s y s t e m s . The n o r m a l i s e d a r r a y w i l l be used wi th t h e

% i n s t a n t a n e o u s i r r a d i a n c e . Taking 2012 as t h e base year , t h e PR ,

6 % i r r a d i a n c e , a r r a y e f f i c i e n c y , i n v e r t e r e f f i c i e n c y were c a l c u l a t e d a t 10

% minu te i n t e r v a l s .

8 c l o s e a l l ; c l e a r a l l ; c l c ;

%% Loading t h e r e q u i r e d m a t r i c e s

10 l o a d A g o r a F i l t e r e d . mat

l o a d S j a r v i F i l t e r e d . mat

12 l o a d A r r a y E f f I r r A l l s y s t e m s . mat

l o a d Ar rayEf fTempAl l sys t ems . mat

14 l o a d P R I r r A l l S y s t e m s . mat

l o a d NewNormAETemp . mat

16 l o a d Agoratemp . mat

%% E x t r a c t i n g t h e t e m p e r a t u r e o f t h e c e l l ( module ) f o r t h e r e p o r t i n g

p e r i o d

18 %% S e l e c t i n g d a t a i n t h a t p e r i o d

p =0;

20 f o r j =1 : k

Agora1 . v a l { j } ( i s n a n ( Agora1 . v a l { j } ) ) =0 ;

22 % To e n s u r e no NaN v a l u e s a r e l e f t

% C o n d i t i o n t o s e l e c t d a t a between 1 / 1 / 2010 and 31 / 12 / 2012

24 i f ( ( Agora1 . t ime { j } ( 1 , 1 ) >=734139) && ( Agora1 . t ime { j } ( 1 , 1 ) <735235) )

p=p +1;

26 Agora1 . d a t a {p}= Agora1 . v a l { j } ;

e l s e

28 c o n t i n u e

end

30 end

%Thi s c o n d i t i o n i s t o check i f t h e f i l e has g o t more t h a n two r e c o r d

32 %v a l u e s .

34 f o r j 2 =1: p
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36 i f ( l e n g t h ( Agora1 . d a t a { j 2 } ) ~ =2)

Agora . c e l l t e m p { j 2 }= Agora1 . d a t a { j 2 } ;

38

e l s e

40 Agora . c e l l t e m p { j 2 } ( 1 ) = ( Agora1 . d a t a { j 2 } ( 1 , 1 ) ) ;

42 end

44 end

46 %% Taking a base y e a r o f 2012 f o r compar i son between bo th s y s t e m s

% Agora sys tem

48 q = 0 ; l =0 ; I r r ( 1 0 ) =0; Agora . Rated _ power = 2600 ; G_ r e f = 1000 ;

f o r j =1 : l e n g t h ( Agora . T i m e f i l t e r e d )

50

Agora . d a t a f i l t e r e d { j } ( i s n a n ( Agora . d a t a f i l t e r e d { j } ) ) =0 ;

52 f o r x = 1 : l e n g t h ( Agora . d a t a f i l t e r e d { j } )

% c he ck s f o r c e l l s i z e s i n c e some days have no d a t a t h u s s i z e mismatch

54 i f ( ( l e n g t h ( Agora . T i m e f i l t e r e d { j } ) ) ==( l e n g t h ( Agora . d a t a f i l t e r e d { j } ) ) )

%C o n v e r t i n g t h e d a t e i n t o a v e c t o r

56 [Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( Agora . T i m e f i l t e r e d { j } ( x , 1 )

) ;

i f (Y( x ) ==2012)

58 q =q +1;

I r r ( q ) = Agora . d a t a f i l t e r e d { j } ( x , 1 ) ;

60 AP( q ) =( Agora . d a t a f i l t e r e d { j } ( x , 2 ) * . . .

Agora . d a t a f i l t e r e d { j } ( x , 7 ) ) / 1000 ;

62 temp ( q ) =Agora . c e l l t e m p { j } ( x , 1 ) ;

GP( q ) = Agora . d a t a f i l t e r e d { j } ( x , 6 ) ;

64 i f ( q ==10)

l = l +1 ;

66 Agora . i r r a d i a n c e ( l ) = mean ( I r r ) ;

Agora . ArrayPower ( l ) =mean (AP) ;

68 Agora . modtemp ( l ) =mean ( temp ) ;

Agora . GridPower ( l ) =mean (GP) ;

70 I r r =0 ; q =0; AP =0; temp =0; GP =0;
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end

72

74

e l s e

76 c o n t i n u e ;

end

78 end

80 end

i f ( ( q >1)&&( q <10) )

82 l = l +1 ;

Agora . i r r a d i a n c e ( l ) = mean ( I r r ) ;

84 Agora . ArrayPower ( l ) =mean (AP) ;

Agora . modtemp ( l ) =mean ( temp ) ;

86 Agora . GridPower ( l ) =mean (GP) ;

I r r =0 ; q =0; AP =0; temp =0; GP =0;

88 end

q =0;

90 end
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92 %The a r e a o f t h e a r r a y i s 19 .83 sq m

Agora . S o l a r p o w e r = Agora . i r r a d i a n c e . * 1 9 . 8 3 ; %Wh

94 Agora . a r r a y E f f = Agora . ArrayPower . / Agora . S o l a r p o w e r ;

AgoraRefYie ld = ( Agora . i r r a d i a n c e . /G_ r e f ) ’ ;

96 AgoraAr rayYie ld = ( Agora . ArrayPower . / Agora . Rated _ power ) ’ ;

A g o r a F i n a l Y i e l d = ( Agora . GridPower . / Agora . Rated _ power ) ’ ;

98 Agora InvEf f = ( Agora . GridPower . / Agora . ArrayPower ) ’ ;

AgoraPR = A g o r a F i n a l Y i e l d . / AgoraRefYie ld ;

100 Agora InvEf f ( i s n a n ( Agora InvEf f ) ) =0 ;

AgoraPR ( i s n a n ( AgoraPR ) ) =0;

102 %%

%S a a r i j a r v i sys tem

104 l =0 ; S j a r v i . Ra ted _ power1 =5130; S j a r v i . Rated _ power2 =1140;

106 f o r j =1 : l e n g t h ( S j a r v i . Y e a r f i l t e r e d 1 )

f o r x = 1 : l e n g t h ( S j a r v i . d a t a f i l t e r e d 1 { j } )
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108 [Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( S j a r v i . Y e a r f i l t e r e d 1 {

j } ( x , 1 ) ) ;

i f (Y( x ) ==2012)

110 l = l +1 ;

% E x t r a c t i n g t h e power v a l u e s from t h e raw d a t a

112 S j a r v i . d a i l y _ ArrayPower1 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) * . . .

S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) ;

114 S j a r v i . d a i l y _ ArrayPower2 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) * . . .

S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) ;

116 S j a r v i . d a i l y _ GridPower1 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) ;

S j a r v i . d a i l y _ GridPower2 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) ;

118 S j a r v i . i r r a d i a n c e ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) ;

S j a r v i . modtemp ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 7 ) ;

120 %The a r e a o f t h e sub−a r r a y 1 i s 31 .05 sq m w h i l e t h e o t h e r i s 6 . 9 sq

m

S j a r v i . d a i l y _ So la rpower1 ( l ) = S j a r v i . i r r a d i a n c e ( l ) . * 3 1 . 0 5 ; %Wh

122 S j a r v i . d a i l y _ So la rpower2 ( l ) = S j a r v i . i r r a d i a n c e ( l ) . * 6 . 9 ; %Wh

S j a r v i . a r r a y E f f 1 ( l ) = S j a r v i . d a i l y _ ArrayPower1 ( l ) . / . . .

124 S j a r v i . d a i l y _ So la rpower1 ( l ) ;

S j a r v i . a r r a y E f f 2 ( l ) = S j a r v i . d a i l y _ ArrayPower2 ( l ) . / . . .

126 S j a r v i . d a i l y _ So la rpower2 ( l ) ;

end

128 end

end

130

c l e a r D H M MN S Y j l x

132 %C a l c u l a t i n g t h e p e r f o r m a n c e i n d i c e s

S j a r v i R e f Y i e l d = ( S j a r v i . i r r a d i a n c e . /G_ r e f ) ’ ;

134 S j a r v i A r r a y Y i e l d 1 = ( S j a r v i . d a i l y _ ArrayPower1 . / S j a r v i . Rated _ power1 ) ’ ;

S j a r v i A r r a y Y i e l d 2 = ( S j a r v i . d a i l y _ ArrayPower2 . / S j a r v i . Rated _ power2 ) ’ ;

136 S j a r v i F i n a l Y i e l d 1 = ( S j a r v i . d a i l y _ GridPower1 . / S j a r v i . Ra ted _ power1 ) ’ ;

S j a r v i F i n a l Y i e l d 2 = ( S j a r v i . d a i l y _ GridPower2 . / S j a r v i . Ra ted _ power2 ) ’ ;

138 S j a r v i I n v E f f 1 = ( S j a r v i . d a i l y _ GridPower1 . / S j a r v i . d a i l y _ ArrayPower1 ) ’ ;

S j a r v i I n v E f f 2 = ( S j a r v i . d a i l y _ GridPower2 . / S j a r v i . d a i l y _ ArrayPower2 ) ’ ;

140 S j a r v i P R 1 = ( S j a r v i F i n a l Y i e l d 1 . / S j a r v i R e f Y i e l d ) ;

S j a r v i P R 2 = ( S j a r v i F i n a l Y i e l d 2 . / S j a r v i R e f Y i e l d ) ;

142 S j a r v i I n v E f f 1 ( i s n a n ( S j a r v i I n v E f f 1 ) ) =0 ;
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S j a r v i I n v E f f 2 ( i s n a n ( S j a r v i I n v E f f 2 ) ) =0 ;

144 S j a r v i I n v E f f 1 ( i s i n f ( S j a r v i I n v E f f 1 ) ) =0 ;

S j a r v i I n v E f f 2 ( i s i n f ( S j a r v i I n v E f f 2 ) ) =0 ;

146 S j a r v i P R 1 ( i s n a n ( S j a r v i P R 1 ) ) =0 ;

S j a r v i P R 2 ( i s n a n ( S j a r v i P R 2 ) ) =0 ;

148

%Normal i sed a r r a y e f f i c i e n c y graph u s i n g t h e m a n u f a c t u r e r s v a l u e s o f t h e

150 %modules NAPs = 0 .131 and HIT = 0 .165

Agora . normArrayEff = Agora . a r r a y E f f . / 0 . 1 3 1 ;

152 S j a r v i . normArrayEff1 = S j a r v i . a r r a y E f f 1 . / 0 . 1 6 5 ;

S j a r v i . normArrayEff2 = S j a r v i . a r r a y E f f 2 . / 0 . 1 6 5 ;

154

156 % D e c l a r i n g v a r i a b l e s f o r use i n t h e c u r v e f i t t i n g t o o l

AgoranormAE = Agora . normArrayEff ’ ;

158 AgoraAE = Agora . a r r a y E f f ’ ;

A g o r a I r r = Agora . i r r a d i a n c e ’ ;

160 SjarvinormAE1 = S j a r v i . normArrayEff1 ’ ;

S ja rv iAE1 = S j a r v i . a r r a y E f f 1 ’ ;

162 SjarvinormAE2 = S j a r v i . normArrayEff2 ’ ;

S ja rv iAE2 = S j a r v i . a r r a y E f f 2 ’ ;

164 S j a r v i I r r = S j a r v i . i r r a d i a n c e ’ ;

AgoraCe l l t emp = Agora . modtemp ’ ;

166 S j a r v i C e l l t e m p = S j a r v i . modtemp ’ ;

%AgoraSmoothAEL = AgoraAELoessSmooth . y ;

168 AgoraSmoothAERL = AgoraAERLoessSmooth . y ;

Sjarvi1SmoothAEL = Sjarv iAE1LoessSmooth . y ;

170 Sjarvi1SmoothAERL = SjarviAE1RLoessSmooth . y ;

Sjarvi2SmoothAEL = Sjarv iAE2LoessSmooth . y ;

172 Sjarvi2SmoothAERL = SjarviAE2RLoessSmooth . y ;

AgoraSmoothAE_T =AgoraAETempSmooth . y ;

174 SjarviSmoothAE _T1 = SjarviAE1TempSmooth . y ;

SjarviSmoothAE _T2 = SjarviAE2TempSmooth . y ;

176 AgoraPRSmooth = PRIr rAgora . y ;

S ja rv i1PRSmooth = P R I r r S j a r v i 1 . y ;

178 Sjarv i2PRSmooth = P R I r r S j a r v i 2 . y ;

AgoraNormSmoothAE_T=NormAgoraAETemp . y ;
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180 Sjarvi1NormSmoothAE _T =NormSjarviAETemp1 . y ;

Sjarvi2NormSmoothAE _T =NormSjarviAETemp2 . y ;

182 %% P l o t s

f i g u r e ( 1 )

184 p l o t ( A g o r a I r r , AgoranormAE , ’ . b ’ , S j a r v i I r r , SjarvinormAE1 , ’ . g ’ , . . .

S j a r v i I r r , SjarvinormAE2 , ’ . r ’ )

186 ho ld on

g r i d on

188 t i t l e ( ’ Comparison of n o r m a l i z e d a r r a y e f f i c i e n c i e s and i r r a d i a n c e ’ ) ;

y l a b e l ( ’ Normal ized a r r a y e f f i c i e n c y ’ ) ;

190 x l a b e l ( ’ I r r a d i a n c e (W/m^2) ’ ) ;

y l im ( [ 0 , 1 . 2 ] ) ;

192 xl im ( [ 0 , 1 4 0 0 ] ) ;

l e g e n d ( ’ Agora ’ , ’ S j a r v i 1 ’ , ’ S j a r v i 2 ’ ) ;

code/Matcode/NormalisedArrayEffFull.m

1 %W r i t t e n by Dereck Mutungi

3 % This program i s used t o p l o t h i s t o g r a m s of DC and AC power f o r t h e

Agora

% and S a a r i j a r v i s y s t e m s . Also used t o p l o t t h e i n v e r t e r e f f i c i e n c y a t

5 % p a r t i a l l o a d s . In a d d i t i o n , t h e i r r a d i a n c e h i s t o g r a m was p l o t t e d .

%%

7 c l c ; c l e a r ; c l o s e a l l ;

%% Load t h e Agora m a t r i x . See F i l t e r e d _by_G_ I .m

9 % This m a t r i x a l s o c o n t a i n s d a t a f i l t e r e d by i r r a d i a n c e and c u r r e n t . P l u s

% o r i g i n a l d a t a .

11 l o a d A g o r a F i l t e r e d . mat

l o a d S j a r v i F i l t e r e d . mat

13 l o a d Smoothed _ I n v E f f _ P a r t i a l L o a d . mat

%% S e l e c t i n g t h e d a t e and ad d i ng t h e power and g e t t i n g t h e e n e r gy p e r day

15 %% i n Wh

17 r1 = 5380 ; % r a t i n g o f i n v e r t e r i n p u t power i n W

r2 = 1610 ; % r a t i n g o f i n v e r t e r i n p u t power i n W

19 q =1; l =0 ;
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21 f o r j =1 : l e n g t h ( S j a r v i . Y e a r f i l t e r e d 1 )

f o r x = 1 : l e n g t h ( S j a r v i . d a t a f i l t e r e d 1 { j } )

23 l = l +1 ;

% E x t r a c t i n g t h e power v a l u e s from t h e raw d a t a

25 S j a r v i . d a i l y _ GridPower1 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 1 ) ;

S j a r v i . d a i l y _ GridPower2 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 2 ) ;

27 S j a r v i . d a i l y _ ArrayPower1 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 3 ) * . . .

S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 4 ) ;

29 S j a r v i . d a i l y _ ArrayPower2 ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 5 ) * . . .

S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 6 ) ;

31 S j a r v i . i r r a d i a n c e ( l ) = S j a r v i . d a t a f i l t e r e d 1 { j } ( x , 9 ) ;

S P a r t i a l L o a d 1 { j } ( x ) = S j a r v i . d a i l y _ ArrayPower1 ( l ) / r 1 ;

33 S I n v E f f 1 { j } ( x ) = S j a r v i . d a i l y _ GridPower1 ( l ) . / . . .

S j a r v i . d a i l y _ ArrayPower1 ( l ) ;

35 S P a r t i a l L o a d 2 { j } ( x ) = S j a r v i . d a i l y _ ArrayPower2 ( l ) / r 2 ;

S I n v E f f 2 { j } ( x ) = S j a r v i . d a i l y _ GridPower2 ( l ) . / . . .

37 S j a r v i . d a i l y _ ArrayPower2 ( l ) ;

end

39 end

%%

41 %%

l =0;

43 r3 = 2700 ; % W

45 f o r j =1 : l e n g t h ( Agora . T i m e f i l t e r e d )

47 Agora . d a t a f i l t e r e d { j } ( i s n a n ( Agora . d a t a f i l t e r e d { j } ) ) =0 ;

f o r x = 1 : l e n g t h ( Agora . d a t a f i l t e r e d { j } )

49 % c he ck s f o r c e l l s i z e s i n c e some days have no d a t a t h u s s i z e mismatch

i f ( ( l e n g t h ( Agora . T i m e f i l t e r e d { j } ) ) ==( l e n g t h ( Agora . d a t a f i l t e r e d { j } ) ) )

51 %C o n v e r t i n g t h e d a t e i n t o a v e c t o r

[Y( x ) M( x ) D( x ) H( x ) MN( x ) S ( x ) ] = d a t e v e c ( Agora . T i m e f i l t e r e d { j } ( x

, 1 ) ) ;

53 i f (Y( x ) ==2010)

l = l +1 ;

55 Agora . d a i l y _ GridPower ( l ) = Agora . d a t a f i l t e r e d { j } ( x , 6 ) ;

Agora . d a i l y _ ArrayPower ( l ) = ( Agora . d a t a f i l t e r e d { j } ( x , 2 ) * . . .
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57 Agora . d a t a f i l t e r e d { j } ( x , 7 ) ) / 1000 ;

Agora . i r r a d i a n c e ( l ) = Agora . d a t a f i l t e r e d { j } ( x , 1 ) ;

59 A P a r t i a l L o a d ( l ) = Agora . d a i l y _ ArrayPower ( l ) / r 3 ;

AInvEff ( l ) = Agora . d a i l y _ GridPower ( l ) / Agora . d a i l y _ ArrayPower ( l ) ;

61 end

e l s e

63 c o n t i n u e ;

end

65 end

67 end
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69

71

73 % R a t i o o f t h e a r r a y e ne r gy ( i n p u t e n e r gy t o t h e i n v e r t e r ) and t h e r a t e d

% i n v e r t e r e ne rg y f o r t h e same p e r i o d

75 P a r t i a l L o a d = A P a r t i a l L o a d ;

I n v E f f = AInvEff ;

77

79

% R a t i o o f t h e a r r a y e ne r gy ( i n p u t e n e r gy t o t h e i n v e r t e r ) and t h e r a t e d

81 % i n v e r t e r e ne rg y f o r t h e same p e r i o d

P a r t i a l L o a d 1 = c e l l 2 m a t ( S P a r t i a l L o a d 1 ) ;

83 I n v E f f 1 = c e l l 2 m a t ( S I n v E f f 1 ) ;

P a r t i a l L o a d 2 = c e l l 2 m a t ( S P a r t i a l L o a d 2 ) ;

85 I n v E f f 2 = c e l l 2 m a t ( S I n v E f f 2 ) ;

87

f i g u r e ( 1 )

89 p l o t ( P a r t i a l L o a d , InvEf f , ’ . b ’ , P a r t i a l L o a d 1 , InvEf f1 , ’ . g ’ , P a r t i a l L o a d 2 , . . .

I nvEf f2 , ’ . r ’ )

91 ho ld on

g r i d on

93 t i t l e ( ’ Comparison of t h e i n v e r t e r e f f i c i e n c i e s a t p a r t i a l l o a d ’ ) ;
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y l a b e l ( ’ I n v e r t e r e f f i c i e n c y , \ e t a _{ i n v } ’ ) ;

95 x l a b e l ( ’ P a r t i a l l o a d ’ ) ;

y l im ( [ 0 , 1 . 2 ] ) ;

97 xl im ( [ 0 , 1 ] ) ;

l e g e n d ( ’ Agora ’ , ’ S j a r v i 1 ’ , ’ S j a r v i 2 ’ ) ;

99 %%

f i g u r e ( 2 )

101 x1 = S j a r v i . d a i l y _ GridPower1 . / 5130 ;

y1 = S j a r v i . d a i l y _ ArrayPower1 . / 5130 ;

103 x2 = S j a r v i . d a i l y _ GridPower2 . / 1140 ;

y2 = S j a r v i . d a i l y _ ArrayPower2 . / 1140 ;

105 topEdge = 1 ; % d e f i n i n g t h e upper l i m i t o f t h e i r r a d i a n c e

botEdge = 0 ; % d e f i n i n g t h e lower l i m i t o f t h e i r r a d i a n c e

107 numBins =10; % d e f i n i n g t h e number o f b i n s

109 b inEdges = l i n s p a c e ( botEdge , topEdge , numBins +1) ;

111 [ h1 , whichBin1 ] = h i s t c ( y1 , b inEdges ) ; %h shows t h e c o u n t p e r b i n

[ h2 , whichBin2 ] = h i s t c ( x1 , b inEdges ) ;

113 %f o r i = 1 : numBins+1

% flagBinMembers = ( whichBin == i ) ;

115 % binMembers = y ( f lagBinMembers ) ;

% binSum ( i ) = sum ( binMembers ) ;

117 %end ;

r e l a t i v e f r e q 1 = h1 / sum ( h1 ) ;

119 r e l a t i v e f r e q 2 = h2 / sum ( h2 ) ;

b a r ( b inEdges , [ r e l a t i v e f r e q 1 ; r e l a t i v e f r e q 2 ] ’ , 1 )

121 g r i d on

ho ld on

123 y l a b e l ( ’ F r a c t i o n o f t o t a l en e r g y produced ’ ) ;

x l a b e l ( ’ Norma l i sed Power ’ ) ;

125 t i t l e ( ’ His togram of n o r m a l i s e d power : S a a r i j a r v i subsys t em 1 ’ ) ;

%%

127 f i g u r e ( 3 )

[ h3 , whichBin1 ] = h i s t c ( y2 , b inEdges ) ; %h shows t h e c o u n t p e r b i n

129 [ h4 , whichBin2 ] = h i s t c ( x2 , b inEdges ) ;

%f o r i = 1 : numBins+1
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131 % flagBinMembers = ( whichBin == i ) ;

% binMembers = y ( f lagBinMembers ) ;

133 % binSum ( i ) = sum ( binMembers ) ;

%end ;

135 r e l a t i v e f r e q 1 = h3 / sum ( h3 ) ;

r e l a t i v e f r e q 2 = h4 / sum ( h4 ) ;

137 b a r ( b inEdges , [ r e l a t i v e f r e q 1 ; r e l a t i v e f r e q 2 ] ’ , 1 )

g r i d on

139 ho ld on

y l a b e l ( ’ F r a c t i o n o f t o t a l en e r g y produced ’ ) ;

141 x l a b e l ( ’ Norma l i sed Power ’ ) ;

t i t l e ( ’ His togram of n o r m a l i s e d power : S a a r i j a r v i subsys t em 2 ’ ) ;

143 %%

f i g u r e ( 4 )

145 x1 =Agora . d a i l y _ GridPower . / 2600 ;

x2 = Agora . d a i l y _ ArrayPower . / 2600 ;

147 %y = ;

topEdge = 1 ; % d e f i n i n g t h e upper l i m i t o f t h e i r r a d i a n c e

149 botEdge = 0 ; % d e f i n i n g t h e lower l i m i t o f t h e i r r a d i a n c e

numBins =10; % d e f i n i n g t h e number o f b i n s

151

b inEdges = l i n s p a c e ( botEdge , topEdge , numBins +1) ;

153

[ h1 , whichBin1 ] = h i s t c ( x1 , b inEdges ) ; %h shows t h e c o u n t p e r b i n

155 [ h2 , whichBin2 ] = h i s t c ( x2 , b inEdges ) ;

%f o r i = 1 : numBins+1

157 % flagBinMembers = ( whichBin == i ) ;

% binMembers = y ( f lagBinMembers ) ;

159 % binSum ( i ) = sum ( binMembers ) ;

%end ;

161 r e l a t i v e f r e q 1 = h1 / sum ( h1 ) ;

r e l a t i v e f r e q 2 = h2 / sum ( h2 ) ;

163 b a r ( b inEdges , [ r e l a t i v e f r e q 2 ; r e l a t i v e f r e q 1 ] ’ , 1 )

g r i d on

165 ho ld on

y l a b e l ( ’ F r a c t i o n o f t o t a l en e r g y produced ’ ) ;

167 x l a b e l ( ’ Norma l i sed Power ’ ) ;
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t i t l e ( ’ His togram of n o r m a l i s e d power d i s t r i b u t i o n : Agora ’ ) ;

169

%%

171 f i g u r e ( 5 )

x3 = S j a r v i . i r r a d i a n c e . / 1000 ;

173

topEdge = 1 . 2 ; % d e f i n i n g t h e upper l i m i t o f t h e i r r a d i a n c e

175 botEdge = 0 ; % d e f i n i n g t h e lower l i m i t o f t h e i r r a d i a n c e

numBins =12; % d e f i n i n g t h e number o f b i n s

177

b inEdges = l i n s p a c e ( botEdge , topEdge , numBins +1) ;

179

[ h5 , whichBin1 ] = h i s t c ( x3 , b inEdges ) ; %h shows t h e c o u n t p e r b i n

181

%f o r i = 1 : numBins+1

183 % flagBinMembers = ( whichBin == i ) ;

% binMembers = y ( f lagBinMembers ) ;

185 % binSum ( i ) = sum ( binMembers ) ;

%end ;

187 r e l a t i v e f r e q 5 = h5 . / sum ( h5 ) ;

b a r ( b inEdges , r e l a t i v e f r e q 5 , 1 )

189 g r i d on

ho ld on

191 y l a b e l ( ’ F r a c t i o n o f t o t a l s o l a r i r r a d i a t i o n ’ ) ;

x l a b e l ( ’ {G_ I } / {G_{ r e f }} ’ ) ;

193 t i t l e ( ’ His togram of n o r m a l i s e d d i s t r i b u t i o n o f i n p l a n e i r r a d i a t i o n :

S a a r i j a r v i ’ ) ;

%%

195 f i g u r e ( 6 )

x3 =Agora . i r r a d i a n c e . / 1000 ;

197

topEdge = 1 . 2 ; % d e f i n i n g t h e upper l i m i t o f t h e i r r a d i a n c e

199 botEdge = 0 ; % d e f i n i n g t h e lower l i m i t o f t h e i r r a d i a n c e

numBins =12; % d e f i n i n g t h e number o f b i n s

201

b inEdges = l i n s p a c e ( botEdge , topEdge , numBins +1) ;

203
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[ h3 , whichBin1 ] = h i s t c ( x3 , b inEdges ) ; %h shows t h e c o u n t p e r b i n

205

%f o r i = 1 : numBins+1

207 % flagBinMembers = ( whichBin == i ) ;

% binMembers = y ( f lagBinMembers ) ;

209 % binSum ( i ) = sum ( binMembers ) ;

%end ;

211 r e l a t i v e f r e q 3 = h3 . / sum ( h3 ) ;

b a r ( b inEdges , r e l a t i v e f r e q 3 , 1 )

213 g r i d on

ho ld on

215 y l a b e l ( ’ F r a c t i o n o f t o t a l s o l a r i r r a d i a t i o n ’ ) ;

x l a b e l ( ’ {G_ I } / {G_{ r e f }} ’ ) ;

217 t i t l e ( ’ His togram of n o r m a l i s e d d i s t r i b u t i o n o f i n p l a n e i r r a d i a t i o n :

Agora ’ ) ;

%%

219 %%Graphs o f t h e smoothed o u t v a l u e s o f t h e i n v e r t e r e f f i c i e n c y and t h e

%%p a r t i a l l o a d . The method used t o smooth o u t t h e d a t a was Lowess

221 f i g u r e ( 7 )

AP = AgoraSmoothe InvPar t . x ;

223 AIE = AgoraSmoothe InvPar t . y ;

SP1 = S j a r v i 1 s m o o t h e d I n v P A r t . x ;

225 SIE1 = S j a r v i 1 s m o o t h e d I n v P A r t . y ;

SP2 = S j a r v i 2 s m o o t h e d I n v P a r t . x ;

227 SIE2 = S j a r v i 2 s m o o t h e d I n v P a r t . y ;

p l o t (AP , AIE , ’ . b ’ , SP1 , SIE1 , ’ . g ’ , SP2 , SIE2 , ’ . r ’ )

229 ho ld on

g r i d on

231 t i t l e ( ’ Comparison of t h e i n v e r t e r e f f i c i e n c i e s a t p a r t i a l l o a d ( smoothed

v a l u e s ) ’ ) ;

y l a b e l ( ’ I n v e r t e r e f f i c i e n c y , \ e t a _{ i n v } ’ ) ;

233 x l a b e l ( ’ P a r t i a l l o a d ’ ) ;

y l im ( [ 0 , 1 . 2 ] ) ;

235 xl im ( [ 0 , 1 ] ) ;

l e g e n d ( ’ Agora ’ , ’ S j a r v i 1 ’ , ’ S j a r v i 2 ’ ) ;

code/Matcode/HistogramsInvSizing.m
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B R code

B.1 Agora R code

# Th i s program was w r i t t e n by D mutungi

2 # I t i s used t o check f o r s e a s o n a l i t y o f Agora d a t a and c a l c u l a t e t h e

#ARIMA v a l u e s

4 l i b r a r y (R . ma t l ab )

d a t a <− readMat ( f i l e . choose ( ) )

6 s t r ( d a t a )

summary ( d a t a )

8

# P u t t i n g t h e p e r f o r m a n c e r a t i o i n t o a t ime s e r i e s

10 P r t i m e s e r i e s <− t s ( d a t a $weeklyPR , f r e q u e n c y =52 , s t a r t =c ( 2 0 1 0 , 1 ) )

p l o t . t s ( P r t i m e s e r i e s , t y p e = ’ o ’ )

12 PRcomponents <− decompose ( P r t i m e s e r i e s , t y p e =c ( " m u l t i p l i c a t i v e " ) )

p l o t ( PRcomponents )

14

# Loading t h e f o r e c a s t package and f i n d i n g ARIMA model

16 l i b r a r y ( f o r e c a s t )

a u t o . a r ima ( P r t i m e s e r i e s )

18

# A s s i g n i n g t h e PR raw d a t a wi th c o r r e s p o n d i n g ARIMA model

20 f i t <−a r ima ( P r t i m e s e r i e s , o r d e r =c ( 2 , 0 , 2 ) ,

s e a s o n a l = l i s t ( o r d e r =c ( 0 , 0 , 1 ) , p e r i o d =52) , i n c l u d e . mean=FALSE)

22

24

p l o t ( P r t i m e s e r i e s , c o l =" r e d " , t y p e =" o " )

26 l i n e s ( f i t t e d ( f i t ) , c o l =" b l u e " , t y p e =" o " , pch =22 , l t y =2)

28

# W r i t i n g t h e raw and ARIMA v a l u e s t o a mat f i l e t o be used i n o t h e r

s o f t w a r e

30 pr <−P r t i m e s e r i e s

p r _ a r ima<− f i t t e d ( f i t )

32
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34 RawPRsys <− as . m a t r i x ( p r )

ArimaPRsys <− as . m a t r i x ( p r _ a r ima )

36

AgoraPRwk <− p a s t e ( t e m p f i l e ( ) , " . mat " , sep =" " )

38

w r i t e M a t ( " AgoraPRwk . mat " , RawPRsys=RawPRsys , ArimaPRsys=ArimaPRsys )

40 d a t a 1 <− readMat ( " AgoraPRwk . mat " )

p r i n t ( d a t a 1 )

42

u n l i n k ( AgoraPRwk )

code/RCode/PRseasonalityAgora.R

1 # Th i s program i s w r i t t e n by D mutungi

# I t i s used t o check f o r s e a s o n a l i t y o f a r r a y e f f i c i e n c y Agora d a t a and

3 # t o c a l c u l a t e t h e ARIMA v a l u e s o f t h e same .

l i b r a r y (R . ma t l ab )

5 d a t a <− readMat ( f i l e . choose ( ) )

s t r ( d a t a )

7 summary ( d a t a )

9 # R e p l a c i n g NaN wi th z e r o v a l u e s . Th i s i s done t o a v o i d u n n e c e s s a r y e r r o r s

when e x p o r t i n g t h e f i l e s t o o t h e r s o f t w a r e .

d a t a $ w e e k l y A r r a y E f f <− r e p l a c e ( d a t a $ week lyArrayEf f , d a t a $ w e e k l y A r r a y E f f ==

0 , NaN)

11

# S e t t i n g t h e a r r a y e f f i c i e n c y as a t ime s e r i e s

13 A r r a y E f f t s <− t s ( d a t a $ week lyAr rayEf f , f r e q u e n c y =52 , s t a r t =c ( 2 0 1 0 , 1 ) )

15 # P l o t f o r v i s u a l i n s p e c t i o n o f t h e d a t a .

p l o t . t s ( A r r a y E f f t s , t y p e = ’ o ’ )

17

# Loading t h e f o r e c a s t package and f i n d i n g ARIMA model

19 l i b r a r y ( f o r e c a s t )

a u t o . a r ima ( A r r a y E f f t s )

21

# Using t h e ARIMA models t o c a l c u l a t e a new d a t a s e t .

23 f i t <−a r ima ( A r r a y E f f t s , o r d e r =c ( 1 , 0 , 0 ) ,
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s e a s o n a l = l i s t ( o r d e r =c ( 1 , 0 , 1 ) , p e r i o d =52) , i n c l u d e . mean=FALSE)

25

# P l o t t i n g t h e two d a t a s e t s f o r a v i s u a l compar i son .

27 p l o t ( A r r a y E f f t s , c o l =" r e d " , t y p e =" o " )

l i n e s ( f i t t e d ( f i t ) , c o l =" b l u e " , t y p e =" o " , pch =22 , l t y =2)

29

31 # Sav ing t h e d a t a a s a mat f i l e .

AE <−A r r a y E f f t s

33 AE_ ar ima<− f i t t e d ( f i t )

35

RawAEsys <− as . m a t r i x (AE)

37 ArimaAEsys <− as . m a t r i x (AE_ ar ima )

39

AgoraAEwk <− p a s t e ( t e m p f i l e ( ) , " . mat " , sep =" " )

41

w r i t e M a t ( " AgoraAEwk . mat " , RawAEsys=RawAEsys , ArimaAEsys=ArimaAEsys )

43 d a t a 1 <− readMat ( " AgoraAEwk . mat " )

p r i n t ( d a t a 1 )

45

u n l i n k ( AgoraAEwk )

code/RCode/AgoraAEseasonal.R

B.2 Saarijärvi R code

1 # Th i s program i s w r i t t e n by D mutungi

# I t i s used t o check f o r s e a s o n a l i t y o f PR S j a r v i d a t a and c a l c u l a t e t h e

3 #ARIMA v a l u e s

l i b r a r y (R . ma t l ab )

5 d a t a <− readMat ( f i l e . choose ( ) )

s t r ( d a t a )

7 summary ( d a t a )

# R e p l a c i n g NaN wi th z e r o v a l u e s . Th i s i s done t o a v o i d u n n e c e s s a r y e r r o r s

when e x p o r t i n g t h e f i l e s t o o t h e r s o f t w a r e .
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9 d a t a $ week lyS j a rv iPR1 <− r e p l a c e ( d a t a $ week lyS ja rv iPR1 , d a t a $ week lyS j a rv iPR1

== 0 , NaN)

d a t a $ week lyS j a rv iPR2 <− r e p l a c e ( d a t a $ week lyS ja rv iPR2 , d a t a $ week lyS j a rv iPR2

== 0 , NaN)

11

# S e t t i n g t h e p e r f o r m a n c e r a t i o as a t ime s e r i e s

13 P r t i m e s e r i e s <− t s ( d a t a $ week lyS ja rv iPR1 , f r e q u e n c y =52 , s t a r t =c ( 2 0 0 6 , 1 ) )

P r t i m e s e r i e s 1 <− t s ( d a t a $ week lyS ja rv iPR2 , f r e q u e n c y =52 , s t a r t =c ( 2 0 0 6 , 1 ) )

15

# P l o t f o r v i s u a l i n s p e c t i o n o f t h e d a t a .

17 p l o t . t s ( P r t i m e s e r i e s , t y p e = ’ o ’ )

p l o t . t s ( P r t i m e s e r i e s 1 , t y p e = ’ o ’ )

19 PRcomponents <− decompose ( P r t i m e s e r i e s , t y p e =c ( " m u l t i p l i c a t i v e " ) )

p l o t ( PRcomponents )

21

# Loading t h e f o r e c a s t package and f i n d i n g ARIMA model

23 l i b r a r y ( f o r e c a s t )

a u t o . a r ima ( P r t i m e s e r i e s )

25 a u t o . a r ima ( P r t i m e s e r i e s 1 )

27 # Using t h e ARIMA models t o c a l c u l a t e a new d a t a s e t .

f i t <−a r ima ( P r t i m e s e r i e s , o r d e r =c ( 5 , 0 , 0 ) ,

29 s e a s o n a l = l i s t ( o r d e r =c ( 1 , 0 , 0 ) , p e r i o d =52) , i n c l u d e . mean=FALSE)

f i t 1 <−a r ima ( P r t i m e s e r i e s 1 , o r d e r =c ( 3 , 0 , 0 ) , i n c l u d e . mean=FALSE)

31

# P l o t t i n g t h e two d a t a s e t s f o r a v i s u a l compar i son .

33 p l o t ( P r t i m e s e r i e s , c o l =" r e d " , t y p e =" o " )

l i n e s ( f i t t e d ( f i t ) , c o l =" b l u e " , t y p e =" o " , pch =22 , l t y =2)

35 p l o t ( P r t i m e s e r i e s 1 , c o l =" r e d " , t y p e =" o " )

l i n e s ( f i t t e d ( f i t 1 ) , c o l =" b l u e " , t y p e =" o " , pch =22 , l t y =2)

37

# Sav ing t h e d a t a a s a mat f i l e .

39 pr1 <−P r t i m e s e r i e s

p r1 _ a r ima<− f i t t e d ( f i t )

41 pr2 <−P r t i m e s e r i e s 1

pr2 _ a r ima<− f i t t e d ( f i t 1 )

43

144



45 RawPRsys1 <− as . m a t r i x ( p r1 )

ArimaPRsys1 <− as . m a t r i x ( p r1 _ a r ima )

47 RawPRsys2 <− as . m a t r i x ( p r2 )

ArimaPRsys2 <− as . m a t r i x ( p r2 _ a r ima )

49

51 SjarviPRwk <− p a s t e ( t e m p f i l e ( ) , " . mat " , sep =" " )

53 w r i t e M a t ( " SjarviPRwk . mat " , RawPRsys1=RawPRsys1 , ArimaPRsys1=ArimaPRsys1 ,

RawPRsys2=RawPRsys2 , ArimaPRsys2=ArimaPRsys2 )

55 d a t a 1 <− readMat ( " SjarviPRwk . mat " )

p r i n t ( d a t a 1 )

57

u n l i n k ( SjarviPRwk )

59

61

63

65

67

69 pp<−1 : l e n g t h ( nw_ sub )

r e s<− lm ( ( nw_ sub ) ~pp )

71 p l o t ( pp , ( nw_ sub ) )

a b l i n e ( r e s )

73 nwa <− t s ( nw_ sub , f r e q u e n c y =6 , s t a r t =c ( 2 0 0 6 , 1 ) )

a u t o . a r ima ( nwa )

75 f i t <−a r ima ( nwa , o r d e r =c ( 0 , 1 , 1 ) ,

s e a s o n a l = l i s t ( o r d e r =c ( 1 , 0 , 0 ) , p e r i o d =6) , i n c l u d e . mean=FALSE)

77

p l o t ( nwa , c o l =" r e d " , t y p e =" o " )

79 l i n e s ( f i t t e d ( f i t ) , c o l =" b l u e " )

145



81 p l o t ( decompose ( nwa ) )

code/RCode/PRseasonality.R

# Th i s program i s w r i t t e n by D mutungi

2 # I t i s used t o check f o r s e a s o n a l i t y o f Array e f f i e n c y S j a r v i d a t a

# and c a l c u l a t e t h e ARIMA v a l u e s o f t h e same .

4 l i b r a r y (R . ma t l ab )

d a t a <− readMat ( f i l e . choose ( ) )

6 s t r ( d a t a )

summary ( d a t a )

8

# R e p l a c i n g NaN wi th z e r o v a l u e s . Th i s i s done t o a v o i d u n n e c e s s a r y e r r o r s

when e x p o r t i n g t h e f i l e s t o o t h e r s o f t w a r e .

10 d a t a $ w e e k l y S j a r v i A r r a y E f f 1 <− r e p l a c e ( d a t a $ w e e k l y S j a r v i A r r a y E f f 1 , d a t a $

w e e k l y S j a r v i A r r a y E f f 1 == 0 , NaN)

d a t a $ w e e k l y S j a r v i A r r a y E f f 2 <− r e p l a c e ( d a t a $ w e e k l y S j a r v i A r r a y E f f 2 , d a t a $

w e e k l y S j a r v i A r r a y E f f 2 == 0 , NaN)

12

# S e t t i n g t h e a r r a y e f f i c i e n c y as a t ime s e r i e s

14 A r r a y E f f 1 t s <− t s ( d a t a $ w e e k l y S j a r v i A r r a y E f f 1 , f r e q u e n c y =52 , s t a r t =c

( 2 0 0 6 , 1 ) )

A r r a y E f f 2 t s <− t s ( d a t a $ w e e k l y S j a r v i A r r a y E f f 2 , f r e q u e n c y =52 , s t a r t =c

( 2 0 0 6 , 1 ) )

16

# P l o t f o r v i s u a l i n s p e c t i o n o f t h e d a t a .

18 p l o t . t s ( A r r a y E f f 1 t s , t y p e = ’ o ’ )

p l o t . t s ( A r r a y E f f 2 t s , t y p e = ’ o ’ )

20

# Loading t h e f o r e c a s t package and f i n d i n g ARIMA model

22 l i b r a r y ( f o r e c a s t )

a u t o . a r ima ( A r r a y E f f 1 t s )

24 a u t o . a r ima ( A r r a y E f f 2 t s )

26 # Using t h e ARIMA models t o c a l c u l a t e a new d a t a s e t .

f i t <−a r ima ( A r r a y E f f 1 t s , o r d e r =c ( 1 , 0 , 0 ) ,

28 s e a s o n a l = l i s t ( o r d e r =c ( 1 , 0 , 0 ) , p e r i o d =52) , i n c l u d e . mean=FALSE)

f i t 1 <−a r ima ( A r r a y E f f 2 t s , o r d e r =c ( 3 , 0 , 0 ) , i n c l u d e . mean=FALSE)
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30

# P l o t t i n g t h e two d a t a s e t s f o r a v i s u a l compar i son .

32 p l o t ( A r r a y E f f 1 t s , c o l =" r e d " , t y p e =" o " )

l i n e s ( f i t t e d ( f i t ) , c o l =" b l u e " , t y p e =" o " , pch =22 , l t y =2)

34 p l o t ( A r r a y E f f 2 t s , c o l =" r e d " , t y p e =" o " )

l i n e s ( f i t t e d ( f i t 1 ) , c o l =" b l u e " , t y p e =" o " , pch =22 , l t y =2)

36

# Sav ing t h e d a t a as a mat f i l e .

38 AE1 <−A r r a y E f f 1 t s

AE1_ ar ima<− f i t t e d ( f i t )

40 AE2 <−A r r a y E f f 2 t s

AE2_ ar ima<− f i t t e d ( f i t 1 )

42

44 RawAEsys1 <− as . m a t r i x (AE1)

ArimaAEsys1 <− as . m a t r i x ( AE1_ ar ima )

46 RawAEsys2 <− as . m a t r i x (AE2)

ArimaAEsys2 <− as . m a t r i x ( AE2_ ar ima )

48

50 SjarviAEwk <− p a s t e ( t e m p f i l e ( ) , " . mat " , sep =" " )

52 w r i t e M a t ( " SjarviAEwk . mat " , RawAEsys1=RawAEsys1 , ArimaAEsys1=ArimaAEsys1 ,

RawAEsys2=RawAEsys2 , ArimaAEsys2=ArimaAEsys2 )

54 d a t a 1 <− readMat ( " SjarviAEwk . mat " )

p r i n t ( d a t a 1 )

56

u n l i n k ( SjarviAEwk )

code/RCode/SjarviAEseasonality.R
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C Graphical results

C.1 Time dependent

Figure 44: Capture loss as a function of time; Saarijärvi system

C.2 Cut-in irradiance

The month of January had no detectable irradiance hence there is no plot for the Agora site.

The month number is equivalent to the month of the year. Below are the scatter plots for

Agora:
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(a) (b)

(c) (d)

(e) (f)
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(g) (h)

(i) (j)
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Figure 45

Scatter plots of normalised array power to irradiance for Saarijärvi system. The month of

February had no detected irradiance or array power output.

(a) (b)
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(c) (d)

(e) (f)

(g) (h)

(i) (j)
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Figure 46
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