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The Design Ambient Temperature for Geothermal Organic Rankine Cycle Power Plant

Reza AGAHI
Alexanger & Renken HERGEN
Cigir DINER

OZET

Hava sogutmali organik rankin gevrimli santrallerde dizayn ortam sicakligi olarak gegmis ortalama dis
ortam sicakhginin énerilmesi yaygin bir uygulamadir. Santral performansi ve gii¢ Uretimi yaz ve kis
aylarindaki asiri sicak ve soguk dis ortam sicakliklarindan fazlasiyla etkilenecektir.

Bu sayfada yazarlar, gegmis ortalama, median ve mode istatistiki sicaklik dederleri arasindaki segimi
ve bunun yillik toplam elektriksel gic Uretimine etkisini degerlendirmistir. Bu c¢alisma gergek bir
jeptermal santralden alinan kaynaga goére yapilmistir ve bilgisayar simulasyonu analiz metodu olarak
degerlendirilmistir.

Anahtar Kelimeler: ORC, Ortam ve Dizayn Sicakliklari

ABSTRACT

It is a common practice to recommend the historical average ambient temperature as the design
ambient temperature for a geothermal Organic Rankine Cycle power plant with air cooled condensers.
The plant performance and power production will be greatly influenced by the extreme summer and
winter ambient temperatures.

In this paper the authors evaluate a choice between the historical average, mode and median ambient
temperature and its impact on the annual cumulative electrical power production in a geothermal
power plant. This study is based on the actual resource data from a geothermal power plant and
computer simulation is utilized as the method of analysis.

Key Words: ORC, Ambient and Design Temperatures.

1.GIRIS

Duslk ve orta dereceli jeotermal kaynaklardan enerji kazanimi ylkselen trendlerle talep gérmektedir.
Gumrik tarifeleri ve ilgili diizenlemeleri iyi yapilandiriimig Ulkelerde yenilenebilir enerji yatirimliari,
jeotermal cift cevrimli santraller formunda énemli rol oynamaktadir.

Jeotermal cift gevrimli santrallerde jeotermal kaynaktan gelen isinin g¢evrimi igin disik kaynama
noktall organik sivilardan faydalanilir. Organik buhar, jeneratére gii¢ saglayan tirbini ¢alistirir. Organik
sivi, evaparatore verilmeden dnce kondenserde sogutularak, sivi fazina gevrilir. Sekil 1 ve 2, iki tipik
jeotermal cift gevrimli santrali gostermektedir. Sekil 1, Hava sogutmali kondenser ile jeotermal organik
rankin ¢evrimini, Sekil 2, su sogutmali kondenser ile jeotermal organik rankin ¢evrimini gdéstermektedir.
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Sekil 2. Su sogutmali ORC

Hava sogutmali organik rankin ¢evrimli santraller icin en dnemli ve kritik dizayn parametrelerinden biri
de cevre sicakhgidir. (Organik Rankin Cevriminin yapilandiriimasi ve hava sogutmali kondenserin
dizayn 6zellikleri secilen kuru termometre sicakligin baghdir.)

Santralin bulundugu bdlge igin verilerin uygun oldugu gecmis ortalama ortam sicakhdi, bir sonraki en
iyi degerdir. Hava sogutmali jeotermal organik rankin santrallerinin performansi hava sicaklii
dustikge artar, hava sicakhgl arttikga azalir. 2000’lerden beri TUrkiyedeki organik rankin ¢evrimli
santrallerin bircogu Aydin bélgesindedir. Ve ilk insa edilen santraller ortalama dis ortam sicakh@i 18° C
baz alinarak dizayn edilmigtir. Birgcok santral 2013 ve 2014 yaz aylarindaki anormal hava sicakligi
artisi ile sicakligin 40 derecelere ulasmasi ile dusuk santral performanslarindan magdur olmuslardir.
Bu deneyim, dis ortam sicakhdinin tahmini degerleri hakkinda belirsizlie yol agmistir. Jeotermal
enerji sirketleri ortam sicakligi konusunda kendilerini korumak amaci ile 19-20 ° C hatta bazi sirketler
21-22 ° C gibi yuksek sicakliklari segmeye bagladilar. Bu sayfada yazar, Organik Rankin Cevrimli
santrallerin dizayn sicakliklarini average, median ve mode olarak tanimlandirilan 3 degisik istatistiki
Olcime goére degerlendirmistir. Aylik ortalama ortam sicakhgl ve diger istatistiki degerler baz alinarak
yillik toplam gug uretimi karsilastirilip, maximum toplam yillik Gretiminin hangi dlgim ile belirlendigi
bulunacaktir.

2. ORTAM SICAKLIGI iSTATISTIKLERI

Bircok Web sitesi, ortalama, median, ve mode istatistiki degerlendirmesi igin gerekli degerleri
saglayamamaktadir. Genellikle web siteleri ortalama, maximum ve minimum verilerini vermistir fakat
median ve mode degerlerini bulmak igin hi¢cbir data bulunmamaktadir. Appendix | Aydin, Tulrkiye
boélgesinin ortalama ortam sicakligi verilerini gostermektedir.

Aydin daki bir jeotermal enerji firmasi saatlik ortam sicakhdi verilerini kaydetmistir. Appendix Il bu
kayith élgimleri géstermektedir.

Ortalama, median ve mode istatistiki dlgcimlerini degerlendirmek icin bu datalardan faydalaniimigtir.

Tablo1: Avarage, Median ve Mode degerlerinin aylik ve yillik dlgiimleri

Average Median Mode
Ocak 4 3.5 2.5
Subat 7 6.5 5.5
Mart 13.08 12.95 11.58
Nisan 19.05 18.29 17.00
Mayis 20.24 20.16 19.94
Haziran 26.88 26.71 24.61

Jeotermal Enerji Semineri



y 13. ULUSAL TESISAT MUHENDISLIGI KONGRESI — 19-22 NISAN 2017/iZMIR 75

Tablo1: Avarage, Median ve Mode degerlerinin aylik ve yillik élgimleri(DEVAMI)

Temmuz 29.30 28.85 27.09
| Agustos 28.44 27.68 26.68
Eylul 24.14 23.34 20.83
Ekim 19.29 18.35 17.46
Kasim 13.81 13.23 11.83
Aralik 6.51 6.18 4.75
Yilhk 17.64 17.14 15.81

Ocak ve Subat ay istatistiki dlgiimleri diger aylarin dlgiimlerine dayali tahmini olarak belirlenmistir.
3. ORC SANTRAL PERFORMANS SIMULASYONU
Tahmini ORC santral verileri Table 2 de oldugu gibi var sayiimistir.

Tablo 2: Ornek galisma igin Jeotermal akiskan kosullari

Akigkan Kosullar Birimler | Dizayn
Degerleri

Sicaklik °C 170

Basing BarA 10

NCG % 2

Akis m°/hr 7,700

Reenjeksiyon sicakligi °C >70

Santralin dizayn noktasina gore 15 MW net Uretmesi farzedilmistir. Asagida Tablo 3 de gosterildigi gibi
elektrik Gretim degerleri, ortalama, median ve mode istatiksel degerlerine gore hesaplanmistir.

Tablo 3. Dizayn noktasina gore Jeotermal ORC Santral Performans dedgerleri

Dizayn Ortam Sicakh@i | Briit Elektrik Uretimi Net Elektrik | Sivi Akigi
Uretimi

Average, ,17.64° C 20,784 kw 15,000 kw 239.2 kg/s

Median, 17.14° C 20,744 kw 15,000 kw 236.3 kg/s

Mode, 15.81° C 20,732 kw 15,000 kw 231.3 kg/s

Asagida Tablo 4 de aylik ortalama ortam sicakli§i baz alinarak dizayn edildi§i farzedilen jeotermal
ORC santralinin yillik elektrik Uretim degerleri verilmistir.

Varsayilan jeotermal ORC santralinin yillik toplam gui¢ tretimi Table 5 de gosterilmistir.

Tablo 5. Yillik Toplam Briit ve Net Elektrik Uretimi

Dizayn Ortam | Yilhk Toplam | Yillik Toplam | Sivi Isi Esanjor Alani Mode

Sicakhigi Brut  Elektrik | Net Elektrik | Akigi dizaynina gore
Uretimi Uretimi karsilagtirma

Average, ,17.64 ° | 141.04 Gwh 118.97 Gwh 239.2 kg/s 102.3%

C

Median, 17.14° C | 139.93 Gwh 118.03 Gwh 236.3 kg/s | 101.7%

Mode, 15.81° C 142.67 Gwh 121.26 Gwh 231.3 kg/s | 100.00%
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Tablo 4 Aylik Ortam Sicakhigina Gére, Aylik Elektrik Uretim Degerleri.
Ortalama Ortam Sicakligi (°C) 4 7 13.08 19.05 20.24 26.88
Jeneratdr verimi (%) 97.0 97.0 97.0 97.0 97.0 97.0
Disli kutusu kaybi (kW) 370.1 370.1 370.1 370.1 370.1 370.1
Turbin verimi(%) 83.0 83.5 86.0 85.0 85.0 83.0
Jenerator brit dretim (kW) | 20435.2 | 19702.5 | 18236.9 | 16827.8 | 16550.9 | 15031.8
I¢ tliketim(kW) 2599.5 2598.7 2592.9 2582.0 2579.1 | 2558.9
Net Uretim (kW) 17835.7 | 17103.8 | 15643.9 | 14245.8 | 13971.8 | 12472.9
Disli kutusu kaybi (kW) 371.2 371.2 371.2 371.2 371.2 371.2
Tarbin verimi (%) 83.0 83.5 86.0 85.0 85.0 83.0
Jenerator brit tretim (kW) 19776.9 | 19184.3 | 18299.3 | 16684.4 | 16409.7 | 14543.5
I¢ Tiketim (kW) 2660.1 | 2658.6 | 2650.4 | 2640.0 | 2637.0 | 2617.8
Net Uretim (kW) 17116.7 | 16525.7 | 15648.9 | 14044.4 | 13772.7 | 11925.8
Disli kutusu kaybi (kW) 371.6 371.6 371.6 371.6 371.6 371.6
Turbin verimi (%) 83.0 83.5 86.0 85.0 85.0 83.0
Jenerator brit Gretim (kW) 19934.2 | 19337.0 | 18444.8 | 16817.2 | 16540.4 | 14659.5
ig Tlketim (kW) 2681.8 2680.2 2671.8 2661.4 2658.4 2639.0
Net Uretim (kW) 17252.5 | 16656.8 | 15773.0 | 14155.8 | 13882.0 | 12020.5
Ortalama Ortam Sicakligi (°C) 29.3 28.44 24.14 19.29 13.81 6.51
Jeneratdr verimi (%) 97.0 97.0 97.0 97.0 97.0 97.0
Disli kutusu kaybi (kW) 370.1 370.1 370.1 370.1 370.1 370.1
Turbin verimi(%) 82.5 83.0 84.0 85.0 86.0 83.0
Jenerator brit Gretim (kW) 14489.6 | 14681.5 | 15653.1 | 16771.9 | 18062.8 | 19821.7
ic Tiketim (kW) 2549.5 2552.9 2568.2 2581.5 2591.8 | 2598.7
Net Uretim (kW) 11940.1 | 12128.6 | 13085.0 | 14190.4 | 15471.0 | 17223.0
Disli kutusu kaybi (kW) 371.2 371.2 371.2 371.2 371.2 371.2
Turbin verimi (%) 82.5 83.0 84.0 85.0 86.0 83.0
Jenerator brit Uretim (KW) 13931.8 | 14204.3 | 15332.3 | 16628.9 | 18124.6 | 19182.7
ic Tiketim (kW) 2608.5 2611.6 2626.6 2639.5 2649.2 2659.2
Net Uretim (kW) 11323.3 | 11592.7 | 12705.7 | 13989.5 | 15475.4 | 16523.5
Disli kutusu kaybi (kW) 371.6 371.6 371.6 371.6 371.6 371.6
Tarbin verimi (%) 82.5 83.0 84.0 85.0 86.0 83.0
Jeneratdr brit Uretim (kW) 14042.9 | 14317.6 | 154545 | 16761.3 | 18268.8 | 19335.3
ic Tuketim (kW) 2629.6 2632.8 2647.9 2660.8 2670.8 2680.9
Net Uretim (kW) 11413.3 | 11684.8 | 12806.6 | 14100.5 | 15598.0 | 16654.4
20000,0
3 18000,0
E g | # Design Temp: 17,14°C
g 16000,0 = Ly Brine flow: 236,3 kg/s
5 14000,0 ™ - B Design Temp: 15,81°C
g 12000,0 g '“ Brine flow: 231,3 kg/s
10000,0 | Design Temp: 17,64°C
0 10 20 30 40 Brine flow: 238,2 kg/s
Ambient Temperature (°C)

Sekil 3. Aylik ortalama sicakligina gore aylik elektrik tGretimi
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4. SONUG:

Bu calisma ve similasyon kisitli verilere ve gecmis Olgimlere dayalidir. Optimal dizayn ortam
sicakliginin Mode istatiksel 6lgimlerine gore oldugu belirlenmistir. Sonug varsayilan lokasyona ve
uygulanabilir jeotermal kaynaga gore belirlenmistir.

istatistiksel Mode degerlerine gore dizayn ortam sicakigina gére, 1si esanjor alani daha disiik oldugu
icin yatirrm da duisik olmaktadir.

Bu simulasyon, igeri ust akish radyal tirbin teknolojisiyle birlikte debiyi otomatik olarak degistiren
kilavuz kanatlarina gére baz alinmistir. Bu tirbin teknolojisi, dedisken geometrili tirbin olarak da
bilinen, jeotermal ORC santrallerde yillik toplam daha fazla glg tretebilen teknolojilerdir.

Daha fazla ¢alisma ve simulasyon 6nerilmektedir.
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THE DESIGN AMBIENT TEMPERATURE FOR
GEOTHERMAL ORGANIC RANKINE CYCLE POWER PLANT

Reza AGAHI
Alexanger & Renken HERGEN
Cigir DINER

ABSTRACT

It is a common practice to recommend the historical average ambient temperature as the design
ambient temperature for a geothermal Organic Rankine Cycle power plant with air cooled condensers.
The plant performance and power production will be greatly influenced by the extreme summer and
winter ambient temperatures.

In this paper the authors evaluate a choice between the historical average, mode and median ambient
temperature and its impact on the annual cumulative electrical power production in a geothermal
power plant. This study is based on the actual resource data from a geothermal power plant and
computer simulation is utilized as the method of analysis.

Key Words: Key Words: ORC, Ambient and Design Temperatures.

OZET

Hava sogutmali organik rankin ¢evrimli santrallerde dizayn ortam sicakligi olarak ge¢cmis ortalama dig
ortam sicakliginin énerilmesi yaygin bir uygulamadir. Santral performansi ve gug¢ Uretimi yaz ve kis
aylarindaki asiri sicak ve soguk dis ortam sicakliklarindan fazlasiyla etkilenecektir.

Bu sayfada yazarlar, gegmis ortalama, median ve mode istatistiki sicaklik degerleri arasindaki segimi
ve bunun yillik toplam elektriksel gug Uretimine etkisini degderlendirmistir. Bu c¢alisma gergek bir
jeptermal santralden alinan kaynaga goére yapilmistir ve bilgisayar simulasyonu analiz metodu olarak
degerlendirilmistir.

Anahtar Kelimeler: ORC, Ortam ve Dizayn Sicakliklari

1.Introduction

Energy recovery from geothermal resources with medium to low temperature [1] is in demand and the
number of projects are on an upward trend. The countries with a well-established feed in tariff (FIT)
and associated regulations have enjoyed significant investments in renewable energy in the form of
geothermal binary cycle power plants [2].

A geothermal binary cycle power plant utilizes a low boiling organic fluid (binary fluid) to exchange
heat with the geothermal resource. A slightly super-heated organic vapor drives an expander that in
turn drives a generator. The organic fluid rejects the remaining heat in a condenser before being
pumped back into the evaporator. Figures 1 and 2 depict two typical geothermal binary cycle power
plants; Figure 1 is a Geothermal Organic Rankine Cycle (ORC) power plant with air cooled condenser
(ACC) and Figure two is a Geothermal ORC power plant with water cooled condenser (WCC).
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[

Figure 2. Process Flow Diagram for a
Geothermal ORC Power Plant with ACC Geothermal ORC Power Plant with WCC

One of the most important and critical design parameters for a geothermal ORC power plant with ACC
is the ambient temperature (i.e., what numerical value should be used to configure the ORC and to
prepare design specification for the ACC).

The historical average ambient temperature for the location of the plant has been considered as an
ideal input. The historical average ambient temperature for a nearby area where the data is available
is the next best value. Performance of a geothermal ORC power plant with ACC increases with cooler
ambient conditions and decreases with warmer ambient temperature.

Many geothermal ORC power plants have been established in Aydin Valley, Turkey, since mid-2000.
The earlier plants were all designed based an average ambient temperature of 18°C. Several plants
suffered from poor performance and power production during summer of 2013 and 2014 when the
ambient temperature was abnormally high and reached a maximum of 40 °C [3].

This experience caused uncertainty about the assumed design value for the ambient temperature.
Geothermal energy companies became moderately conservative and specified 19-20°C and a few
companies went to the extreme and demanded 21-22°C for the design ambient temperature.

In this paper the authors evaluate an ORC power plant that is designed with one of the three statistical
measures of Average, Median and Mode of the ambient temperature. The annual cumulative power
production will be calculated based on the monthly Average ambient temperature and compared to
determine which measure, if any, provides the maximum cumulative production.

2. AMBIENT TEMPERATURE STATISTICS:

Review of several websites that provide ambient weather data did not produce the required statistics
to evaluate the statistical measures of Average, Median and Mode. Most websites have detailed
historical data for average, Maximum and Minimum but nothing for Median or Mode. Appendix |
represent a typical data of Average ambient temperature for Aydin, Turkey.

Fortunately, one geothermal energy company in Aydin Valley had data for hourly ambient temperature
measurements from March through December 2016, Appendix Il shows a sample of the recorded
data.

This data was utilized to evaluate the statistical measures for Average, Median and Mode as shown in
Table 1 below.
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Table 1. Monthly and Annual Statistical Measures of Average, Median and Mode, 2016

Average Median Mode
January 4 3.5 2.5
February 7 6.5 5.5
March 13.08 12.95 11.58
April 19.05 18.29 17.00
May 20.24 20.16 19.94
June 26.88 26.71 24.61
July 29.30 28.85 27.09
August 28.44 27.68 26.68
September 24.14 23.34 20.83
October 19.29 18.35 17.46
November 13.81 13.23 11.83
December 6.51 6.18 4.75
Annual 17.64 17.14 15.81

The statistical measures for January and February were obtained by extrapolation from the measured
data for the other months.

3. ORC POWER PLANT PERFORMANCE SIMULATIONS:
We assumed a hypothetical geothermal ORC power plant with the resource data depicted in Table 2.

Table 2. Geothermal Brine Conditions for Study Case

Brine Conditions Units Design Values
Temperature °C 170

Pressure BarA 10

NCG's % 2

Flow m>/hr 7,700
Reinjection Temperature °C >70

It was assumed that the plant should produce 15 MW net at the design point. The design gross
electrical power values for this plant utilizing the above calculated statistical Average, Median and
Mode for the design ambient temperature are shown in Table 3 below.

Table 3. Geothermal ORC Power Plant Performance at the Design Point

Design Ambient | Gross Electrical | Net Electrical | Brine Flow
Temperature Power Production Power production

Average, ,17.64° C 20,784 kw 15,000 kw 239.2 kg/s
Median, 17.14° C 20,744 kw 15,000 kw 236.3 kg/s
Mode, 15.81° C 20,732 kw 15,000 kw 231.3 kg/s

The annual electrical power production for this hypothetical geothermal ORC power plant based on
the monthly average ambient temperature is depicted in Table 4 below.
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Table 4. Monthly Electrical Power Production based on the Monthly Ambient Temperature

Average Ambient Temp (°C) 4 7 13.08 19.05 20.24 26.88
Generator Eff (%) 97.0 97.0 97.0 97.0 97.0 97.0
Gear Box losses (kW) 370.1 370.1 370.1 370.1 370.1 370.1
Est. Exp. Eff (%) 83.0 83.5 86.0 85.0 85.0 83.0
Gen.Gross Output (kW) 20435.2 19702.5 18236.9 16827.8 16550.9 15031.8
Internal Cons. (kW) 2599.5 2598.7 2592.9 2582.0 2579.1 2558.9
Net Output (kW) 17835.7 17103.8 15643.9 14245.8 13971.8 12472.9
Gear Box losses (kW) 371.2 371.2 371.2 371.2 371.2 371.2
Est. Exp. Eff (%) 83.0 83.5 86.0 85.0 85.0 83.0
Gen.Gross Output (kW) 19776.9 19184.3 18299.3 16684.4 16409.7 14543.5
Internal Cons. (kW) 2660.1 2658.6 2650.4 2640.0 2637.0 2617.8
Net Output (kW) 17116.7 16525.7 15648.9 14044.4 13772.7 11925.8
Gear Box losses (kW) 371.6 371.6 371.6 371.6 371.6 371.6
Est. Exp. Eff (%) 83.0 83.5 86.0 85.0 85.0 83.0
Gen.Gross Output (kW) 19934.2 19337.0 18444.8 16817.2 16540.4 14659.5
Internal Cons. (kW) 2681.8 2680.2 2671.8 2661.4 2658.4 2639.0
Net Output (kW) 172525 | 16656.8 | 15773.0 | 141558 | 13882.0 | 12020.5
Average Ambient Temp (°C) 29.3 28.44 24.14 19.29 13.81 6.51
Generator Eff (%) 97.0 97.0 97.0 97.0 97.0 97.0
Gear Box losses (kW) 370.1 370.1 370.1 370.1 370.1 370.1
est. Exp. Eff (%) 82.5 83.0 84.0 85.0 86.0 83.0
Gen.Gross Output (kW) 14489.6 14681.5 15653.1 16771.9 18062.8 19821.7
Internal Cons. (kW) 2549.5 2552.9 2568.2 2581.5 2591.8 2598.7
Net Output (kW) 11940.1 12128.6 13085.0 14190.4 15471.0 17223.0
Gear Box losses (kW) 371.2 371.2 371.2 371.2 371.2 371.2
Est. Exp. Eff (%) 82.5 83.0 84.0 85.0 86.0 83.0
Gen.Gross Output (kW) 13931.8 14204.3 15332.3 16628.9 18124.6 19182.7
Internal Cons. (kW) 2608.5 2611.6 2626.6 2639.5 2649.2 2659.2
Net Output (kW) 11323.3 11592.7 12705.7 13989.5 15475.4 16523.5
Gear Box losses (kW) 371.6 371.6 371.6 371.6 371.6 371.6
Est. Exp. Eff (%) 82.5 83.0 84.0 85.0 86.0 83.0
Gen.Gross Output (kW) 14042.9 14317.6 15454.5 16761.3 18268.8 19335.3
Internal Cons. (kW) 2629.6 2632.8 2647.9 2660.8 2670.8 2680.9
Net Output (kW) 11413.3 11684.8 12806.6 14100.5 15598.0 16654.4

The annual cumulative power production for this hypothetical geothermal ORC power plant is shown
in Table 5.

Table 5. Annual Cumulative Gross and net Electrical Power Production

Design  Ambient | Annual Annual Brine Flow Heat Exch.
Temperature Cumulative Cumulative  Net Area
Gross Electrical | Electrical Power Compared to
Power production the  Mode’s
Production Design
Average, ,17.64 ° | 141.04 Gwh 118.97 Gwh 239.2 kg/s 102.3%
C
Median, 17.14° C | 139.93 Gwh 118.03 Gwh 236.3 kg/s 101.7%
Mode, 15.81°C 142.67 Gwh 121.26 Gwh 231.3 kg/s 100.00%

Figure 3 shows the plot of average monthly performance.
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Figure 3. Monthly Electrical Power Production Rate based on Monthly Average Temperature

4. CONCLUSIONS:

This study and simulation is based on limited data and historical measures. It shows that an optimal
design ambient temperature for this geothermal ORC power plant is the Statistical Mode of the
ambient temperature data. Needless to say that the outcome is for the assumed location and the
applicable geothermal resource.

The CAPEX will be lower for the Statistical Mode of the ambient temperature design due to the lower
required heat exchanger area.

It should also be noted that the simulation is based on a power plant that is configured with inflow
radial turbine with variable inlet guide vanes. This turbine technology is known as the variable
geometry turbine and shown to produce more cumulative power compared with the other turbine
technologies available in the geothermal ORC market®.

More studies and simulations are recommended.
APPENDIX |

THE AVARAGE STRTITICAL METECRDLOGICAL DATA (1530~ 2043]
ATDIN Jnuary | February | March | Apil | May | Jme | by | Aunwt | Sepfember| Octoder | November | December
1. AVERAGE TEMPERATURE '] Bl 33 112 112 03 113 14 1k 11} 184 133 L
1. AVERAGE RIGHEST TEMPERATURE [ (] 131 147 173 2] i i3 ki 7 il 162 137 145
3. AVERAGE LOWEST TEMPERATURE (| 43 43 £7 0 11 181 03 1l 187 117 87 1
4. AVERAGE INCOMING SOLAR FLU [Haurs/day) 31 41 13 i 1] il U] il Bf bl il 4
1 AVERAGE RAINY DAY 111 104 47 87 63 1 0.2 1] {3 7 83 12
£ AVERAGE TOTALRAIN FALL (kg/m 186 e 04 ] 3 133 i 1 134 41 833 103

| THE HIGHEST AND LOWEST AMBIENT TEMPERATURES MEASURED FOR LONG TERM (1330~ 2013)

THE WGHEST TEMFERATURE (' ur o me  m& A1 M8 &e & &3 @@ @ B8
DATES MERSLRED YU B/ YIS NG VISR ST YD/ QM0 HUBN e 1 /ey
LOWEST TEMPERATURE '] =TI TR BT T S O AT R I SRS
DATES MEASLRED /R VRS0 ST UM NS g0 T3S YRS S0 1030887 LT )18/
HIGHEST RAINFALL [tz/n] | a3 |
442003
HIGHET WIND 39520 km | | | | e |
413/1583
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Appendix Il
Hourly Ambient Temperature, January to December 2016

DAYS 1 2 3 4 3 ] 7 B 9 o0 11 1z 13 12 15
1:00 98 34 75 115 111 78 7 6.6 34 37 4 5 7 7 o
2200 a5 2.4 7B 111 1 76 6.3 4 4.2 5 5 3 7 3 o
E 300 B 13 76 Lik] 107 g 6.3 5 2.7 32 5 3 8 3 o
E 4:00 5B 1 73 05 109 71 69 a5 25 22 6 5 8 5 o
a 5:00 55 12 71 10 105 67 54 54 26 24 5 3 7 3 o
£ 6200 L8] 14 71 101 a7 66 53 51 27 2 5 3 7 2 o
7.00 5 o 74 99 101 55 5 52 21 11 4 4 8 2 o
800 39 o 82 9.3 9.8 48 4.7 6.1 16 15 5 & 8 17 o
9:00 45 a4 7B -] 9 az 5 7 24 37 52 42 8 26 1
10:00 7.33 4.4 B 10 1 73 3 B 3.3 43 7.5 55 B4 3 25
§ 11:00 9 6.3 o0 1z 13 81 a 1] 5.9 a4 8 & 103 72 27
= 1200 10,7 B2 13 1z 13 111 9 12 82 92 05 76 133 71 39
E 1300 109 E9 11 14 15 123 11 1 8.7 111 12 8.2 14 82 5B
g 14:00 108 9 16 15 16 135 1a 13 10.7 126 14z BE a4 B4 74
15:00 106 9.5 17 15 18 12 14 13 118 154 16 0.1 145 BE 96
16:00 112 0.1 s 15 18 12 12 12 1.4 143 1g.2 1 123 1o 9.1
17:00 97 10 159 147 16 12 139 127 121 141 16 117 116 92 a2
1800 02 B9 lag 1121 1 13 122 113 821 121 135 107 o9 8.2 5
- 19:00 a6 7.7 12 133 128 1o 11 79 7.3 104 Lik] 9.8 0.7 7 3B
g 20:00 65 7.6 13 122 1 a 85 6.7 6.7 B 93 91 03 57 4
E 2100 7B B2 13 1z 1) 8 1o 62 5.3 71 E6 2.4 10 5.6 2B
E 2200 5 6.9 132 122 9.2 7 B7 ag 5.9 64 8 B85 91 52 27
2300 44 7.2 126 118 BE 7 71 52 47 a3 73 B5 ES 45 35
000 37 B3 13 112 79 7 57 a5 6.1 46 75 78 7 39 3B
DAYS 16 17 1z 19 20 21 22 23 4 23 26 7 28 29 30 31
1:00 3 31 25 o a 0 7.6 & 3 i3 45 3 z 23 3 035
2:00 3 3 1 o a 11 7.2 57 4 16 45 147 2z 26 28 -1
3 3:00 3 28 a o a 01 7.6 5.6 3 28 49 19 15 26 26 -15
E &:00 3 17 0z o a 16 75 43 3 26 45 15 17 29 2 -17
3 5:00 3 25 a o a 1 7 55 4 17 5 05 15 24 16 -2
= 6:00 2 06 a Q a 01 75 44 4 7 -] Q 0E 23 07 -15
700 2 13 o o o 0.5 73 E 3 13 16 05 03 16 0.2 -18
B-00 o 7 o o o 0.5 15 46 3 18 1 -1 o7 2 0.4 -16
900 34 17 03 o o 0.3 1.7 3z 34 3 34 3 185 LES 0.46 -11
10:00 48 43 3 2 o 5.2 a 33 6.95 41 54 6.55 162 162 243 191
g 11:00 78 65 & 33 04 7.5 92 52 Bl 6.8 61 83 14 24 5.6 174
_‘3; 12:00 10.2 B2 6.5 432 49 a3 B3 E4 11 E3 65 as 39 33 EE3 538
3 13:00 111 B 78 73 83 108 54 LE 12 51 72 0.7 36 36 E51 46
& 14:00 112 L] T4 71 94 i1 75 1026 123 105 959 1z 39 5.15 92 53
15:00 118 55 82 T8 101 a9 78 10E 118 112 1 1224 5 5 a5 57
16:00 113 53 82 T8 10 X 7.6 111 115 114 17 123 448 6 EE5 59
17.00 0.9 B g 10 10 9 15 10.3 114 e 9.8 .z 4 5.7 74 &
18:00 10.5 B g 7 7 9 7 BE5 127 8.5 a1 .5 43 5.8 5.9 438
§ 19:00 B3 TE T8 4 & b 7 58 1.7 7 TE 28 39 43 5.4 34
= 20:00 54 6.3 6.3 3 3 7 ] & 10.3 6.4 7 5.8 EX 51 5 22
= 21:00 5.6 5.9 35 3 3 7 ] & 5.3 ] 83 47 35 5.6 43 17
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