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Site and Installation Information 

Client: West African Power Pool 

Site: Mount Coffee hydro power plant, Liberia 

Coordinates: 6.4978°N, -10.6517°E, altitude: 20 m 

Station Type: Tier2 automatic weather station 

Date of installation: 2021-05-14 to 2021-06-09 

Date of commissioning: 2021-06-10 

Commissioning 

Installation performed by 
 
 
Date: 10 June 2021 

Installation on site:  
Timothy Chollom, Bezaleel + Turnkey Contractors, Inc. 
 
Remote commissioning:  
Roman Affolter, CSP Services GmbH 
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1 SUMMARY 

In the framework of the current “Feasibility and Environment & Social Assessment Studies of The Priority Generation 
Investment Project in Liberia”, an automatic weather station (AWS) was installed in Liberia for the measurement of 
the solar irradiance and other parameters relevant for the development of solar energy power plant projects. The 
station was installed at the Mount Coffee hydro power plant facility.  

The purpose of this installation is to collect up to two years of ground measurement data for the planned utility scale 
photovoltaic (PV) power plant at the described location. Measurement parameters are primarily global horizontal 
irradiance (GHI), direct normal irradiance (DNI) and diffuse horizontal irradiance (DHI). Further, temperature and 
relative humidity, barometric pressure, rain, wind speed and direction as well as the soiling rate on PV modules and 
the corrosion rate on different metal samples is measured. The GHI is measured with a CMP10 pyranometer, the DNI 
and DHI with a Rotating Shadowband Irradiometer (RSI). 

 

Figure 1 - Mount Coffee site in Liberia. The site is located on the Saint Paul River around 30 km north-east of Monrovia 

Measurement data from the station will be transferred to CSPS in regular intervals for data quality monitoring and 
control. Additionally, the data will be available on a protected web server for near-real time data monitoring and 
download.  

CSP Services will apply daily data quality tests and send quality-controlled final measurement data in monthly intervals 
to the client-defined recipients. 

Local subcontracted staff will be in charge of the maintenance and sensor cleaning of the solar irradiance sensors and 
the reference PV module for the soiling measurement. The responsible person was present on the last day of the 
installation and was briefed on the maintenance and cleaning procedures. 
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2 SITE DESCRIPTION 

2.1 LOCATION 

Table 1 - Location information. 

Site: Mount Coffee hydro power plant, Liberia 

Coordinates: 6.4978°N, -10.6517°E, altitude: 20 m 

Climate: 
Tropical monsoon climate (Köppen-Geiger Am, (Kottek, Grieser, Beck, Rudolf, & Rubel, 
2006)) 

 

 

Figure 2 - Location at the Mount Coffee site 
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2.2 SURROUNDINGS AND SHADING PROFILE 

The immediate surroundings are mainly flat with a dam of the hydropower facility to the east and south-east. After 
the installation of the automatic weather station, pictures of the horizon in all directions were taken from the location 
of the irradiance sensors and a panoramic view was generated from these pictures. 

Figure 3 shows the panoramic picture with the horizon line and the sun path throughout the year. 

 

Figure 3 - Horizon line from the perspective of the pyranometer and sun path throughout the year 

Figure 4 shows the analysis of the horizon line and the expected shading occurrences on the irradiance data 
measurements. The analysis shows an almost free field of view for the sensors, no relevant obstructions at sun 
elevations higher than a few degrees above horizon exist, especially in east and west direction where the sun is near 
the horizon on sunrise and sunset. Only very little shading is expected for a very short period after sunrise from the 
dam in the east and for a very short period before sunset from the trees in the west of the measurement site. 

 

Figure 4 - Shading occurrences for sun elevations >5º 
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3 AUTOMATIC WEATHER STATION CONFIGURATION AND LAYOUT 

This section gives an overview of the installed equipment and sensors with respective serial numbers. Further, a 
layout drawing of the weather station as built is shown. 

3.1 MEASUREMENT EQUIPMENT 

Equipment and serial numbers 

Automatic weather station CSP Services Tier2 automatic weather station CSPS.MT.21.229 

Main control box CSP Services CA.21.202.0004 

Datalogger Campbell CR1000X 18088 

Modem RUT240 Teltonika Networks 1110018427 

Power supply Autonomous power supply with PV panels and battery - 

RSI drive unit CSP Services Twin RSI CSPS.DR.20.201.0002 

 

Measured parameter Unit Sensor type Serial Number 

GHI W/m² Kipp&Zonen CMP10 pyranometer (installed 
2m above ground) 

210860 

DHI, DNI W/m² CSP Services Rotating Shadowband 
Irradiometer (installed 2m above ground) 

CSPS.MS.19.201.0005 

Temperature (T) °C Hygrovue5 temperature and relative humidity 
sensor with RAD06 radiation shield (installed 
1.5m above ground) 

E2596 

Humidity (RH) % 

Barometric pressure (BP) hPa Vaisala PTB110 (CS106) S4750162 

Precipitation (Rain) mm Campbell Scientific 52203 (installed 2m above 
ground) 

TB 16367 

Wind speed (WS) m/s NRG #40C Class 1 anemometer (installed 10m 
above ground) 

17950-0334055 

Wind direction (WD) °N NRG #200M wind vane (installed 10m above 
ground) 

10070-00009014 

Soiling rate  % CSP Services PV soiling measurement system 
(installed 1.5m above ground) 

- 

Corrosion rate % Fraunhofer corrosion sampler with 12 
standardized metal samples of aluminum, 
carbon steel, zinc and copper (three samples 
from each metal) 

- 

 

Further information on the listed sensors and measurement systems can be found in the station specification 
documentation. For calibration certificates of sensors see chapter 9. 
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3.2 STATION LAYOUT 

The layout of the Tier2 AWS is shown in the figures below. The main components are the mounting structure with the 
irradiance sensors and the wind mast with additional sensors. The autonomous power supply system is integrated in 
the station (2x 30W PV panel and 1x 60 Ah battery). 

 

Figure 5 - Tier2 automatic weather station layout: Irradiance sensors, PV soiling rate measurement system, PV panels for power 
supply 

 

Figure 6 - Tier2 automatic weather station layout: wind mast and wind sensors details 
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Figure 7 - Tier2 automatic weather station layout: foundation detail 

The wind mast is anchored to the wind mast foundations and guying rope foundations. The station itself stands freely 

on its concrete foundation. 

The dimensions and distances are shown in the foundation drawings in the figure above. The height of the fence is 2m 

plus the barbed wire on top. The distance of the PV-Soiling system to the fence is approximately 1.5m. 

3.3 DATA MEASUREMENT,TRANSMISSION AND QUALITY CONTROL 

The sensor signals are scanned with a frequency of 1 Hz and stored in 1-minute and 10-minute average data tables in 
the datalogger’s internal memory. The measurements are taken in 1 second resolution (1 Hz) and stored in 1 minute 
average tables together with the max, min and StDev values. 

The measurement data is sent to the CSPS servers in near-real time through a 4G LTE router with a SIM card from a 
local operator (Orange Liberia).  

The measurement data is sent in parallel to the CSPS data processing server and the web server for client access for 
data monitoring and download (see section 7). It is stored in the internal memory of the datalogger for more than 3 
months. In case of prolonged network issues, the data can be retrieved after the network issues have been resolved or 
manually on site via direct USB access to the datalogger if necessary.  

Together with the measurement data, pictures from the surveillance camera are transmitted to the CSPS server in 
regular intervals (usually one picture every 10 minutes, depending on network availability, data usage and battery 
charging status).  

The communication status of the LTE router and the settings of the mobile configuration (Auto APN) is shown in 
Figure 8. The data usage depends mainly on the amount of transmitted pictures and videos from the camera and is 
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expected to be less than 1 GB/months during normal operation (Figure 8 shows the usage including the tests 
performed during the installation).  

 

 

Figure 8 - Communication status of LTE router for data transmission 

 

For the data quality control procedures, CSPS performs the following tasks for data QA/QC: 

 Daily data retrieval via mobile phone network, 

 Check of correct operation of the equipment, coordination of local maintenance staff, 

 Data analysis including data quality screening and reporting according to international standards, 

 Correction of apparently erroneous values and gap filling (where possible and reasonable), 

 Supervision of maintenance frequency, correct sensor cleaning, analysis of sensor soiling. 

For the surveillance of the measurement station, a surveillance camera is installed which sends pictures to a server in 
regular intervals. This server is operated by CSPS. 
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4 STATION INSTALLATION 

The station installation and commissioning were completed on 10 June 2021. Before the installation, the site was 
prepared with a fence and foundations for the stable and secure installation of the automatic weather station for the 
period of the measurement campaign.  

This chapter describes the installation timeline and the completed tasks until the commissioning as well as a checklist 
for the installation completion and functionality of the equipment.  

A complete photographic documentation of the installation process is given in chapter 6. 

 Completed tasks and installation timeline 

The site preparations and the station installation took place in May and June 2021. The table below details each 
completed task and its completion time. 

Completion 
time dd/mm 

Task Picture 

2021-05-14 Determination of the station location and the north 
direction. Perimeter marked and correct location and 
orientation verified. 

 
2021-05-17 –  
2021-05-26 

Levelling of the ground and installation of the fence. 

 
2021-05-31 –  
2021-06-04 

Positioning of the cement blocks and casting of the 
foundations.  

 
2021-06-06 Installation of the mounting structure and 

measurement control box 
 

Installation of the PV module soiling measurement 
system (PV-S): 

 PV panel mounting structure installed 

 PV thin-film panels mounted on structure, 
orientation towards south 

 PV panel temperature sensors installed on 
panel backsides 
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2021-06-07 Installation and connection of the irradiance and other 
meteorological sensors 

 
2021-06-08 –  
2021-06-09 

Verification of the PV panel structure levelling and 
inclination. Connection of the PV-S soiling 
measurement system and the power supply panels. 

 
Installation of 10m wind mast with wind speed and 
wind direction sensors, wind direction sensor oriented 
towards north 

 
2021-06-10  Functionality checks (local engineers with 

remote support from CSPS staff) 

 Commissioning of the station (remotely by 
CSPS staff) 

 Operator training 
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5 INSTALLATION CHECKLIST 

Component Work item Checked/ 
approved 

Comments 

yes no 

Foundations, 
fence 

Foundations correctly prepared X   

Threaded bolts correctly prepared X   

Fence correctly prepared X   

Door can be locked X   

Support structure 
with Control box 

Sensor mounts extended X   

PV mounting bar adjusted X   

Horizontally leveled X   

Grounding cable connected X   

All bolts tightened X   

Wiring, cables Visual examination X   

Fuses ok X   

All sensors connected X  Data connection to CSPS server established 

All cables orderly fixed X   

RSI Fixed to MDI Stand X   

PU Unit with Licor installed X   

Shadow band installed X   

Horizontal leveling X   

Licor Sensors Clean X   

Cable connected to RSI and Box X   

RSI operative X   

Pyranometer Pyranometer installed X   

Horizontal leveling X   

Barometric 
Pressure Sensor 

Sensor installed and cabled X   

Pressure exchange vent X  Inside control cabinet 

Visual examination, operability X   

Precipitation 
Sensor 

Sensor installed and leveled X   

Visual examination, operability X   

Tamb / RH Irradiation shield fixed to MDI stand X   



Solar Measurement Station – Tier 2 automatic weather station installation report 

FEASIBILITY AND ENVIRONMENT & SOCIAL ASSESSMENT STUDIES OF THE PRIORITY GENERATION INVESTMENT PROJECT IN LIBERIA  

 
CSPS / ARTELIA / SEPTEMBER 2021 / 8211050 

PAGE 17 / 42 

Sensor probe with filter cap inserted X   

Cable connected to Control Box X   

Wind tower, 
wind speed and 
direction sensors 

Tower extended X  Extended to length of 10 m 

Guy wires safely attached and tense X   

Grounding cable connected X  To metal rod driven into ground 

Wind sensors installed X   

North Orientation of WD sensor X   

Cable fixed to sensors, tower and box X   

Operability of sensors X   

PV soiling 
measurement 
system 

Mounting structure installed and fixed to 
concrete foundations guying ropes fixed 

X   

Mounting structure leveled and aligned to 
south  

X   

PV panels installed X  Top of panels horizontally levelled 

Inclination angle adjusted X  9 degrees from horizontal 

Module temp. sensors installed X   

Shunt box connected to AWS X   

Operability of system X   

Panels cleaned X   

Modem SIM card inserted X   

APN, username, password of SIM X  Correctly configured (Auto APN, see section 
3.3) 

Server connection X  Connection to server confirmed 

Datalogger Operation system installed X  Version: CR1000X Std.05.00 

Datalogger configuration saved X   

IP visible in logger configuration X  IP: dynamic 

Correct sensor constants in program  X  Compared against photographs of installed 
sensors 

Correct coordinates in program X  Obtained from GPS 

Datalogger program installed X  Program name:  
Lr-MChpp_2021-06-10_str.CR1X 
Subroutines:   
Subroutines-Tier2_2021-02-21.CR1X 

Program set to “Run always” X   

Datalogger clock correct X  Local standard time, no daylight saving  
time: UTC +0 
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6 PHOTOGRAPHIC DOCUMENTATION 

 

Figure 9 - Fence and foundation 

 

Figure 10 - Station and wind mast foundations 

 

Figure 11 - Wind mast preparations 

 

 

Figure 12 - Wind mast foundations, ground cable fixed to ground bolt, 
protective tube for wind mast cables. 
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Figure 13 - Water holes in foundations to prevent 
flooding (1). 

 

Figure 14 - Water holes in foundations to prevent flooding (2). 

 

Figure 15 - Wind direction sensor north mark aligned 
with mounting cantilever and north direction 

 

Figure 16 - Wind sensors installed on wind mast 
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Figure 17 - Wind mast erected; wind direction sensor 
cantilever orientated to North 

 

Figure 18 - Mounting of weather station structure 
 

 

Figure 19 - CMP10 pyranometer serial number 

 

Figure 20 - CMP10 pyranometer leveling 
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Figure 21 - Sensor levelling of the RSI (1) 

 

Figure 22 - Sensor levelling of the RSI (2) 

 

Figure 23 - Serial number of RSI. 

 

Figure 24 - Installed RSI. 
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Figure 25 - RSI motor serial number 

 

Figure 26 - Rain sensor and corrosion sampler 

 

Figure 27 - Rain sensor mounting bar leveling 

 

Figure 28 - Rain sensor serial number 

 

Figure 29 - T/RH sensor and modem antenna 

 

Figure 30 - T/RH sensor serial number 
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Figure 31 - Control box interior; top: datalogger; bottom: 
fuses and 12V circuit distribution, relays, RSI motor 

controller 

 

Figure 32 - Modem with SIM card 

 

 

 

Figure 33 - Assembly of PV-S structure + modules 

 
 

Figure 34 - PV-S support structure with 9° tilt angle towards South 

 

Figure 35 - PV-S modules connections 

 

Figure 36 - PV-S system reference panel A (clean panel) 
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Figure 37 - PV modules cleaning. 

 

Figure 38 - 12V, 60Ah battery 

 

Figure 39 - Wind mast with rain sensor and corrosion sampler 
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Figure 40 - Main mounting structure with solar sensors, T/RH sensor and PV panels for soiling measurement and power supply. 
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Figure 41 - Solar sensors and PV panels on mounting structure 

 

Figure 42 - Site with completed station installation as seen from south-west. Picture taken from 6.49767°N, -10.65176°E 
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7 STATION MAINTENANCE PROCEDURES 

Regular on-site maintenance and sensor cleaning is performed by a locally contracted on-site maintenance team 
(OMT). The maintenance and sensor cleaning procedures were defined prior to the installation of the station and a 
manual with the defined procedures was provided to the OMT. Additionally, an operator training was held during the 
commissioning phase of the station. The irradiance sensors and the PV panels for the PV-S soiling measurement 
system will be cleaned according to the table below.   

(The measurement of the soiling rate with the PV-S soiling measurement system is based on the comparison of a clean 
reference module (Module A) to a measurement module (Module B) which is allowed to accumulate soiling on its 
surface. Module A is therefore cleaned upon each visit by the OMT and Module B is cleaned once per month to restart 
the soiling measurement cycle.) 

Sensors Cleaning Comments 

2 x per week 1 x per month 

RSI Licor sensors x  First and fourth day of each week 

GHI pyranometer x  First and fourth day of each week 

Clean module (Module A) x  First and fourth day of each week 

Dirty module (Module B)  x First day of each month 

 

Scheduled maintenance visits for extended system maintenance are planned to be performed every six months for 
the duration of the measurement campaign. 
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8 MEASUREMENT DATA 

The measurement data can be accessed on a protected web server for near-real time data monitoring and download. 
Additionally, CSPS will provide monthly data reports with the final quality-controlled measurement data. The graphs 
below show exemplary data shortly after the installation. 

 

 
Figure 43 - Irradiance measurement. GHI, DNI and DHI 

 

Figure 44 - Temperature and Humidity measurements 
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Figure 45 - Barometric air pressure measurement 

 

Figure 46 - Precipitation measurement 
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Figure 47 - Wind speed measurement 

 

Figure 48 - Wind direction measurement 
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Figure 49 - PV soiling measurements 

 

Figure 50 - Sensor cleaning recordings. 2021-06-14, first cleaning of irradiance sensors and PV-S reference module 
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9 CALIBRATION PROCEDURES AND CERTIFICATES 

This section provides the calibration certificates for each sensor. All measurement equipment is new, unused and 
includes factory calibrations.  

At the end of the first year of measurements, a field calibration using a reference pyranometer (referenced to the 
World Radiometric Reference established in Davos, Switzerland) will be conducted at the solar measurement station. 

Measured parameter Sensor type Serial number Calibration date Installation date  

DHI, DNI RSI solar sensor CSPS.MS.19.201.0005 2020-03-03 2021-06-10 

GHI CMP10 pyranometer 210860 2021-02-12 2021-06-10 

Wind speed (WS) NRG 40C anemometer 17950-0334055 2020-04-12 2021-06-10 

Wind direction (WD) NRG #200M wind vane 10070-00009014 2020-12-13 2021-06-10 

Barometric pressure 
(BP) 

PTB110 (CS106) S4750162 2020-11-20 2021-06-10 
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9.1 RSI SOLAR SENSOR 
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9.2 CMP10 PYRANOMETER 
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9.3 #40C ANEMOMETER 
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9.4 #200M WIND VANE 
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9.5 CS106 (PTB100) BAROMETER 

 


