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DI S C L A I M E R  

 
The development of a solar roof cataster for the city of Calama was commissioned by 
Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH within the scope 
of the Renewable Energy Project implemented by the Chilean Energy Ministry and GIZ. 
This report summarizes the methodological approach and the results of the work. 
However, any reference to a company, product, brand, manufacturer or similar shall 
under no circumstances be regarded as a recommendation by the Government of Chile 
or by GIZ. 
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AB B R E V I A T I O N S  

 
DSM     Digital Surface Model 
LiDAR     Light detection and ranging 
FiT     Feed in tariff 
GIS     Geographic Information System 
kWh     kilowatt hour 
kWp     kilowatt peak 
MWh     megawatt hour 
PV     Photovoltaic 
WebGIS    internet based Geographic Information system 
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1 .  EX E C U T I V E  SU M M A R Y  

The Chilean Ministry of Energy1 and Deutsche Gesellschaft für Technische 
Zusammenarbeit (GTZ) GmbH, within the frame of an intergovernmental cooperation 
agreement between Chile and Germany, since 2004 are jointly executing the Project 
“Renewable Energy” in Chile. Part of this cooperation is the SUN-AREA project for the 
city of Calama. This solar potential analysis gives information about the suitability of 
every roof in Calama concerning solar use. 
With this innovative project, the first solar cadastre for Latin America is realised. In 
particular solar energy is considered - together with wind energy – to be a very future-
oriented form of generating energy. The sun is an abundant source of energy which 
disposes a variety of option for generating electricity. 
A web-based solar roof cadastre enables enormous advantages giving information about 
photovoltaic and solar thermal applications for residential and industrial use. Additionally, 
a solar roof cadastre aims at helping cities, municipalities, administrative districts, energy 
suppliers and the regional economy to select the most suitable areas for solar energy 
applications. Solar potential analyses enable the selection of most suitable roof areas for 
the implementation of solar energy systems. It can help planning and supporting 
appropriate strategies (e.g. the selection of large industrial buildings) for the use of solar 
power as well as the conception of solar plants. Thereby important environmental and 
energy policy tasks are fulfilled with positive external impacts by promoting particularly 
well suitable solar applications. 
 
The first solar potential map of Chile covers the area of the city of Calama (approx. 25 
km2). The exact area is shown in Figure 1, p. 8. 
 
The solar potential map consists of a database and a WebGIS for the web-based 
presentation of the solar potential map. A WebGIS is a geographic information system 
for interactive applications via Internet. Information of related geodatabases can be 
shown using map mapping technologies. The map covers two applications: 
 

 Electric power generation (photovoltaic systems: on-roof  installations) 
 Solar thermal applications (hot water generation or air conditioning systems). 

 
The solar potential map provides information on the suitability of all buildings in the study 
area for photovoltaic and solar thermal applications in the form of qualitative and 
quantitative information (PV only). 
 

 Photovoltaic: all buildings are colour coded in 4 classes (from very well suited to 
not suited). For each registered property the database provides 5 parameters: a) 
the size of the area (roof) which is suitable for power generation, b) the annual 
energy production (kWh/year), c) CO2 savings due to the replacement of 
conventional power generation (kg/year), d) the possible installed capacity in 
kilowatt peak  and e) the electricity consumption (number of persons). The 
energy production data takes into account the local level of radiation, the roof 
orientation, the average efficiency of PV modules, and the shadowing effect of 
buildings, trees, and other nearby structures. 77% of all buildings in Calama are 
suitable for pv installations. Using only 8% of them could cover the whole 
demand of electricity of Calama. 
 

 Solar thermal: all buildings are colour coded and classified in 2 classes (suitable 
and not suitable or insufficient data). As complementary information the size of 

                                                 
1 The Chilean Energy Ministry was created in February 2010. Before, the National Energy 
Commission (Comisión Nacional de Energía – CNE) was the official counterpart of the Project. 
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the suitable area is calculated in m2 for each building. Over 45.000 buildings are 
suitable for solarthermal use.  

 
 Additional information about the buildings (address, type of building etc.) can be 

integrated into the database, but was not possible so far since suitable data was 
not available (official footprints are for every block, not every building and have 
no address information; additionally they had the wrong data format) 

 

The products and results as specified in the Terms of Reference (see Annex 1) were 
presented during a final meeting in Santiago in December 2010. The WebGIS was 
launched in an official meeting in the presence of the Chilean Energy Minister Ricardo 
Raineri on December the 16th, 2010. 

The work has been carried out under the supervision of Prof. Dr. Martina Klärle by the 
project team as nominated in the proposal. Key team members are: 

 Dr. Markus L. Rombach, Digimapas, responsible for the aerial survey and 
provision of 3D Laser Scanner data. 

 Mrs. Sandra Lanig and Mrs. Katharina Meik, responsible for the SUN AREA 
analysis.  

 Mr. Christian Keil, GPM (Büro für Geoinformatik, Umweltplanung und Neue 
Medien), responsible for the development of the WebGIS. 

 
 

2 .  W O R K  P R O G R E S S  A N D  T I M E  S C H E D U L E  

The project started with the signature of the contract. 

Due to heavy sand storms in the area of Calama in late June and early July the aerial 
survey was delayed about 4 weeks. The airborne survey, in order to collect LiDAR data 
and digital aerial images, was only possible during the second half of July. The delay has 
been reported in the flight report dated July 21, 2010 by Digimapas. 

In late July the Steinbeis Company started preparing the LiDAR data for the solar 
potential analysis. 

The data quality assessment was performed by Steinbeis on the base of the data 
received by Digimapas for the study area. 

The WebGIS for the representation of the final results has been designed by GPM and is 
ready for use on the following site: http://www.geopm-
kom5.de/geoapp/catastrosolar/calama/. 

The progress meeting in Santiago took place on October 26th, 2010. The overall results 
and the WebGIS application where presented to the Chilean Energy Minister, GIZ and 
representatives of government institutions and the private sector in a launching 
ceremony on December 16, 2011.  
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3 .  LO C A T I O N  O F  T H E  ST U D Y  A R E A  

 
The City of Calama is located in the North of Chile in the Atacama Desert at 
approximately 2.250 m above sea level. It is the capital of the Antofagasta Region. 
Calama is one of the driest cities in the world with average annual precipitation of just 
5 mm and therefore has an enormously high global irradiance. Moreover, Calama is 
located at 2.259 meters above sea level which makes it a particularly interesting location 
for solar applications.  
 
According to the work programme the solar potential map established for the whole area 
of the city of Calama as shown in figure 1. 
 

 

Figure 1: Study area, source: Digimapas 
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4 .  DA T A B A S E  

Based on high-resolution 3D LiDAR data shared with 2D digital topographic data 
(building outlines) we use an automatic running computer aided analysis method to 
identify high potential urban roof planes for the use of solar power based on Geographic 
Information Systems (GIS). LiDAR data proved to be an optimal data basis for 
performing very exact site analyses automatically for solar roof systems in large regions. 
The high-resolution height information recorded for many areas is used for the most 
varied fields of application. With an accuracy of approximately 15cm in position and 
height and their point densities of 1-2 points per square meter, these data have 
enormous potential. Due to the data’s high accuracy, homogeneous roof areas can be 
selected taking into account any roof superstructures, such as dormers or chimneys, and 
their site parameters, such as roof exposition, roof slope, size of roof area, insolation 
energy, can be identified. Over multiple reflection of the transmitted laser beam (first and 
last pulse) from an airplane a Digital Surface Model (DSM) can be generated. The 
required LIDAR data and digital aerial images were collected and processed by 
Digimapas (see flight report attached in Annex 2). The main characteristics are: 
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The basis of the calculation method is the 
first pulse of the LiDAR data. Through 
Airborne Laser Scanner Data (LiDAR) it is 
possible to generate high-precision Digital 
Surface Models (DSM) for grouping 
analysis and derivation of the roof surface. 
The data preparation starts with the 
interpolation of the unevenly distributed 
clouds of points. The resulting DSM is 
stored as a 1 meter grid. This DSM contains 
all objects of the real surface such as 
buildings or vegetation. 

Figure 2: DSM generated out of LiDAR-data 

Together with the LiDAR data, the building footprints are used. They were necessary to 
locate the position of the roofs. Germany has extensive records of this type of data in the 
Automated Land Register Map (ALK). In Chile, the only comparable maps are to be 
found for the capital city Santiago de Chile. For the calculation of the test area, building 
outlines were digitized by Digimapas from the high-resolution digital aerial images. 

5 .  PA R A M E T E R S  O F  T H E  C A L C U L A T I O N  

 
To calculate the suitability of a roof for a solar installation several factors have to be 
considered. Some of them are universal; some depend on the specific location. 
 

Shade 

Shadows cast by vertical objects 
onto the solar panels can cause 
significantly greater power 
reductions than a sub-optimal 
orientation of the solar generator. 
Therefore, even partial shading 
of a module can diminish the 
overall performance of the 
installation. Any shading of the 
solar generator should therefore 
be avoided. The shadow 
modelling is based on a grid 
analysis. The input parameters 
are the high resolution 1m DSM, 
the geographical site, slope, 
orientation, and the daily and 
seasonal change of sun angle. 

Figure 3: shade effect onto the roof 

 

Minimum roof size 

In principle there is no limitation to the size of a PV-installation. However, very small 
installations will rarely become cost-effective at current PV prices. Under German 
conditions, with low irradiation, a minimum solar panel area of 20 m² is required under 
economic conditions. This corresponds to an installed solar power capacity of 3 kWp. 
With this rated power the cost for an installation will be amortised in about 10 to 15 
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years. For economical reasons this is the minimum size for PV-installations in Germany 
and Europe, respectively. In Chile there are different conditions like a higher solar 
irradiation and the absence of a fixed tariff for selling electricity generated by renewable 
energy. As there exists no Feed in Tariff (FiT) like in Germany and many other European 
countries, PV installations might be designed predominantly to cover the auto-
consumption of a building. Most installations on private houses would thus be used for 
self-supply, trying to reduce the amount of electricity being injected into the electricity 
grid of the city. Therefore, the decision whether a PV-installation is cost-effective or not 
will depend on the amount of energy that is used in the building.  

For this reason we decided to set the minimum roof size at a lower level of 2 m², 
although cost efficiency is going up with the size of the installation (economies of scale). 
The average electricity demand per household (approx. 4 persons) in Northern Chile is 
about 2.400 kWh. This rated power can be produced by a 2 m² PV system (the exact 
area needed depends on the efficiency level of the solar modules). Further datasets 
were built, for different sizes of the suitable area, to provide useful information to non-
private investors to focus on large suitable roof areas.  

Also, for solar thermal installations a minimum collector surface of 2 m² has been applied 
for the study area. This size is sufficient for hot water supply of a family of 4 persons in 
Calama. 

Slope & Aspect 

The optimum slope of solar panels for the best radiation profit depends on the 
geographical location and the angle of the incoming solar radiation to the solar panels. In 
general, for Calama the theoretical optimum tilt angle for solar panels is 10° to 15° (with 
a roof facing North). However, panels should not be mounted completely flat. A certain 
slope helps with self-cleaning and cleaning of the panels. On the other hand there is no 
need to mount panels on a steeper slope as we can see in Europe, where the optimum 
slope varies from 25 to 40°. In some cases it is necessary to create a steeper 
construction based on the supporting beams of the roof, because of unstable roof 
material. 

Global irradiance 

The intensity of the global irradiance depends on the geographical location, i.e. the 
relative position with respect to the equator and the geomorphologic conditions. The 
input data was derived from the Digital Surface Model (DSM) which represents the real 
surface of the whole city including buildings with their real roof structure (inclination, 
orientation) and vegetation. The model calculates the irradiance over the whole year 
considering the shading from buildings and vegetation. There is a desert-like climatic 
situation with very low precipitation or even clouding in Calama. Therefore the 
calculation parameters are set for generally clear sky conditions and have not been 
measured. The solar radiation analysis algorithm is taking these factors into account and 
based on algorithms developed by Rich et al. (Rich 1990, Rich et al. 1994) and further 
developed by Fu and Rich (2000, 2002). Micro-climate influences remains unconsidered. 
The result is an irradiance value for every square meter of all roof areas. Out of these 
values the solar irradiation for every roof area is calculated based on a weighted mean 
approach of each irradiance value per square meter contributing equally to the final 
average solar irradiation. In our calculation the maximum irradiance onto an undisturbed 
surface amounts to 2.420 kWh per m² and year. This value goes considerably down if a 
surface is not well oriented or if it is overshadowed. The minimum irradiance which is 
considered as “well suitable” (class 3) has been set at 1.500 kWh per m² and year. 
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Suitability classes: 

 

 

Table 1: classes of suitability 

class  description 

1 most suitable global irradiance higher than 2.100 kWh/m2/year 

2  well suitable global irradiance values from 2.000 to 2.100 kWh/m2/year 

3 suitable global irradiance is smaller than 2.000 kWh/m2/year and 
higher than 1.500 kWh/m²/year 

 

A comparison with real local measurements (see Solar Radiation Report, Digimapas) 
was helpful to enhance the accuracy of the calculation. 

Efficiency of the PV-panels 

We calculate with an efficiency of the photovoltaic modules of 12 % for the conversion of 
radiation energy into electric energy. The market offers modules with efficiencies from 8 
% (cheap, thin layer technique) up to 18 % (high performance, expensive).   

At 12 % efficiency an active PV-area of approximately 8.5 m² is required to generate 1 
kWp of electrical power. 

CO2-savings 

The achievable CO2 reduction depends on the CO2 production rate in the existing power 
mix and on current power production techniques in Chile.  

We used an average CO2-equivalent of 790 g CO2e per kWh, which is quoted by Price 
Waterhouse Coopers (column: co212 in the database) for the Northern Interconnected 
System (SING) of Chile.  

Investment volume 

The cost of a PV-installation depends on the cost of – mainly imported – components 
and the local labour content. In coordination with the GIZ an average cost of 2.800 € per 
kWp was used. This is a typical value for medium size installations in Chile. This value is 
flexible and can be re-calculated with regard to changing prices. 

Electricity coverage 

In the northern part of Chile an average household consists of 4 members with an 
electricity demand of approx. 2.400 kWh/a. One person therefore has an electricity 
demand of about 650 kWh/a. The number of persons, whose electricity demand can be 
covered is calculated out of this value and is based on the potential amount of electricity 
(kWh/a) that can be produced on every single roof. 
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Table 2: Summary of assumptions 

Parameter Used Value 

Efficiency of the solar module 12% 

Performance Ratio 75% 

CO2-Savings (CO2e) 
0,79 tCO2e/MWh  
(Source: Price Waterhouse Coopers) 

Minimum roof size for the suitability of 
photovoltaic plants (classes) 

2 m2 
10 m2 
50 m2 
100 m2 

Minimum roof size for the suitability of 
solarthermal systems for heating water 

2 m2 
 

The typical size of a solar thermal module 
is 2 m2 which should be sufficient for the 
supply of hot water of a family in Calama. 
For bigger constructions this varies.  

kWp-capacity 

1 kWp = 8,5 m2  

 

This factor does not vary in different 
regions of the world. What varies is the 
electricity production because of the 
higher irradiation in Calama  

Investment volume PV 1 kWp installed = 2.800 € 

Investment volume ST 1 m2 installed = 700 € 
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6 .  RE S U L T S  

The solar potential has been calculated for all roof areas which have been identified in 
the sample (59.069 buildings). The graphic representation (WebGIS) uses a colour 
coding to show the suitability of each individual roof. 

There are separate maps for the suitability of roof areas for solar thermal systems and 
for PV systems. 

Figure 4: Screenshot of the WebGIS presenation 

Photovoltaic systems (Solarpotential_Calama_PV_per_footprint) 

The lower limits have been set at an irradiance level of 1.500 kWh per m² and year and a 
minimum size of 2 m² (see suitability of classes on page 12). 

 

Solar thermal systems (Solarpotential_Calama_TH_per footprint) 

The lower limits have been set at an irradiance level of 1.500 kWh per m² and year and a 
minimum size of 2 m². No segmentation into classes was made, because the installed 
size of a solar thermal system depends on the demand for hot water in each building. 
Mostly, 2-5 m² are sufficient for a one family house. 

Additional tasks 

As a result of the evaluation of the test area, we decided to go two steps further to make 
the results more usable as a tool for finding the most suitable roof areas for PV-
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installations in the city of Calama. Therefore, the city of Calama was visited and some 
buildings were inspected in October 2010.  

In the city centre of Calama most buildings, especially the outbuildings, are not stable 
enough to carry the weight of heavy solar systems, even if they are relatively small. As 
shown in figure 5 there are sometimes canvas covering buildings, which the system can 
misleadingly recognize as roof structures. Therefore new housing areas, with higher 
structural stability, were identified. Parts of them are new buildings of the state owned 
copper mining company Codelco. The solar cadastre could be an adequate tool for 
Codelco to assembly the security of energy and hot water supply of their employees in 
terms of sustainability. This can create autonomy and help constructing a public energy 
supply for the whole city of Calama. These areas are shown in the map as priority areas 
because of a better building and roof structure. For all buildings, located in one of the 
new housing areas, this information was added to the database. 

 

Figure 5: unstable (left) and new housing areas (right) in the city of Calama 

As a second step for a better usability of the roof cadastre a separate database with 
different classes of roof sizes was generated (see data sets delivered). Regarding the 
stability of the roofs or buildings, it was noted that large buildings often seem to be the 
more stable ones. The WebGIS map offers the possibility to activate a layer where only 
these buildings are shown (green hatching). This additional information will be helpful to 
focus on more stable buildings. 

WebGIS 

As described in detail in the ToRs the WebGIS-Solarcadastre as a Service is hosted by GPM 
with a annual fee (status quo). 
 
There is also the possibility to transfer the application to a server in Chile hosted by the 
ministry of energy. 
(Server provision by Department of Energy and Server installation by GPM with a once-only 
payment for installation and optional an annual fee for server administration.) 
 
Requirements are: Linux Server with English Centos distribution (Version 5.5 in original 
state) with remote Access and full root privileges for installation and maintenance. 
 
Hardware guideline values: 
2x300GB Harddisk (SAS) 
4GB RAM 
Intel Xeon Quad-Core E5620 or comparable Processor 100 or better 500 Mbit/s bandwidth 
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7 .  D A T A  S E T S  D E L I V E R E D   

The following datasets are delivered: 

 6 FeatureClasses in one FileGeodataBase (planimetric features including 
calculated parameters for all suitable roof areas and per footprint). 

Table 3: File identification 

Data set Description 

Solarpotential_Calama_TH_perfootprint results for solar thermal system per house outline 

Solarpotential_Calama_PV_perfootprint 
all results for photovoltaic use per house outline 
larger than 2 m² 

Solarpotential_Calama_PV_perfootprint
_gr2to10sqm 

all results for photovoltaic use per house outline 
from 2 to 10 m² 

Solarpotential_Calama_PV_perfootprint
_gr10to50sqm 

all results for photovoltaic use per house outline 
from 10 to 50 m² 

Solarpotential_Calama_PV_perfootprint
_gr50to100sqm 

all results for photovoltaic use per house outline 
from 50 to 100 m² 

Solarpotential_Calama_PV_perfootprint
_gr100sqm 

all results for photovoltaic use per house outline 
larger than 100 m² 

 
 

8 .  DE S C R I P T I O N  O F  D A T A  S U P P L I E D  

The following terms have been used in the data sets. For PV the description is valid for 
all of the five datasets 

 

Table 4: Data content of „Solarpotential_Calamatestarea_PV_perfootprint“ 

Field Name Description 

Sum_Modularea Suitable roof area in m² 

Sum_totIrrad Effective irradiance onto the area specified 

Sum_Electr12 Potential power generation at the specified surface if 12 % efficiency panels are used 

Sum_co212 
CO2 -savings 0,79 tCO2e/MWh  
(Source: Price Waterhouse Coopers) 

Sum_kWp Nominal power if potential is fully used (1kWp = 7m²) 

Sum_Invest Cost of pv generator (1KWp = 2.800€) 

Sum_Class 

Suitability classes,  
 

   1 = most suitable 
   2 = well suitable 
   3 = suitable 

 

Sum_Suitability Comment on the suitability of the building 

Sum_SumtotIrradP
erFootprint 

Accumulated annual global irradiance onto the roof area 

Sum_MeantotIrrad
PerFootprint 

Average of annual global irradiance onto the roof area 

ElectrDemandPerP The electricity demand of how many persons can be covered 



Proyecto Energías Renovables, Chile  MINENERGIA/GIZ 

 

15 
   

erson 

Pref 
information whether the building lies inside a new housing area or not 
1 = yes 
0 = no 

 

Table 5: Data content of „Solarpotential_Calama_TH_perfootprint“ 

Field Name Description 

Sum_Modularea Potential collector surface in m² 

Sum_totIrrad Effective irradiance onto the area specified 

Suitability „suitable“ or „not suitable“ – no further differentiation 

Sum_SumtotIrradPer
Footprint 

Accumulated annual global irradiance onto the roof area 

Sum_MeantotIrradPe
rFootprint 

Average of annual global irradiance onto the roof area 

Sum_Invest_TH Cost of solar thermal plant (1sqm = 700€) 

Suitability Comment on the suitability of the building for solar thermal plants 

Pref 
information whether the building lies inside a new housing area or not 
1 = yes 
0 = no 

 
 
 
 

10.  RE S U L T S  O F  T H E  C A L C U L A T E D  S O L A R  P O T E N T I A L  –  S T A T I S T I C S  

The solar potential analysis has been applied to a total of 59.069 buildings in the area of 
Calama. Out of this sample buildings have a certain potential for PV power generation 
according to the parameters mentioned in the chapter “Parameters of the calculation” of 
this report. The following table lists the statistics of the suitable buildings.  

Table 6: statistics of suitable buildings 

Description Value 

Buildings 59.069 

Building-Area  5.539.100 m²  

Average/Building 117m²  

Inhabitants ca. 135.000  

Roof area/Inhabitant 41m² 
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Table 7: Statistical evaluation of the solar roof cadastre in Calama 

Suitability 
PV-area  
in m² 

Power 
generation 
in MWh/a  

CO2–
savings  
in t /a 

Coverage of 
electricity 
demand (no. of 
persons) 

Accumulated 
nominal generator 
power  
in kW 

Most 
suitable 

1.499.163 288.099 277.599 480.165 176.372 

Well 
suitable 

2.075.495 384.287 303.587 640.478 244.176 

Suitable 718.007 125.986 99.529 209.977 84.471 

Total 4.292.667 798.373 630.714 1.228.267 505.020 

 
suitable roof areas in m²        (77% of   ~ 550ha) 

37%

13%

23% 27%

most suitable >2100kWh/m²

well suitable /2100-2000kWh/m²)

suitable (2000-1600kWhm²)

not suitable

 

Figure 6 Visualization of the statistical evaluation of the solar roof cadastre in Calama 

 

If the 429 hectares of suitable roof tops would be used for electricity generation by photovoltaics, 

798.373 MWh per year could be produced and 630.714 t of CO2 could be saved. This in turn 

means that only 8 % of the theoretically possible electricity generation is necessary to satisfy the 

private electricity consumption of Calama.  

Moreover, the final statistics conclude that 77 % of the whole building area of Calama is suitable 

for the implementation of PV-systems. This result needs to be evaluated carefully since the roof 

cadastre cannot give any information on the statics of each building and does not exclude fully 

the existence of canvas being mistaken for real roof areas. 
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Backing of electricity demand 

The electric private power consumption in Calama: 
 private household (4 persons):  2.400kWh/a 
 Per person:  600kWh/a 
 Complete private consumption:  81.000MWh 
 8% of the suitable roofs can produce 100% of Calamas private consumption 

 
 

Table 8: summary of suitable classes 

 
 Potential in MWh % of Consumption 

most suitable  288.100 443 

well suitable 384.300 591 

suitable 126.000 193 

SUM: 798.400 1.228 
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Terms of Reference for 
Consultancy 

 

 1 

 
Development of a Solar Potential Map of the City of Calama/Chile 

 
Project: Renewable Energy, Chile 

PN: 2007.2079.7-001.00 
 
 
 

1. Introduction  
 
The Chilean Ministry of Energy1 and Deutsche Gesellschaft für Technische Zusammenarbeit 
(GTZ) GmbH, within the frame of an intergovernmental cooperation agreement between Chile 
and Germany, since 2004 are jointly executing the Project “Renewable Energy” in Chile. 
 
The overall objective of the Project is to increase the participation of grid-connected renewable 
energy in the electricity market, thereby contributing to more sustainable energy supply. The 
project focuses on the removal of legal, regulatory and other barriers that are impeding the 
development of renewable energy and its integration into the electricity market. The project also 
aims at creating favourable conditions for political and public acceptance of non-conventional 
renewable energy (RE) and to encourage private investment in renewable energy technologies 
in order to accelerate their participation in the energy market.  
 
The main areas of cooperation are: 
 

 Development of policies, regulatory framework and instruments to support renewable 
energy; 

 Generation of useful information in order to encourage private investment in RE 
development (assessment of RE potentials and measurements, publication of guidelines, 
pre-feasibility studies etc.); 

 Capacity building and international exchange. 
 
In the past few years, the Chilean Government has made substantial progress in removing 
barriers of renewable energy development. The regulatory framework was improved in order to 
allow grid access and market integration of small and medium size renewable energy 
technologies. In March 2008, a renewable energy portfolio standardhas been enacted. The law 
establishes an obligation for the electric utilities to supply 5% of all commercialized electricity 
from renewable energy sources from January 2010 onwards. The obligation will increase 
gradually until reaching 10% in 2024. Regarding solar thermal systems, the Chilean government 
approved in August 2009 a tax deduction for the installation of solar water heaters on newly 
constructed buildings. Other important mechanisms to support renewable energy investment 
have been the implementation of financial instruments including subsidies for pre-investment 
studies, bank guaranties and loans with preferential conditions, and improved knowledge on 
renewable energy resources. 
 
At the end of 2009, projects representing aprox. 2.500 MW of capacity had been approved or 
were being processed under Chile’s environmental impact assessment system. Installed 
renewable energy capacity reached about 515 MW at the end of 2009. The current RE portfolio, 

                                                 
1 The Chilean Energy Ministry was created in February 2010. Before, the National Energy Commission 
(Comisión Nacional de Energía – CNE) was the official counterpart of the Project. 
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in terms of capacity, is dominated by wind energy, followed by small hydropower, biomass and 
solar energy. Several sites are also being studied for geothermal development.  
 
 
2. Solar energy in Chile 
 
GTZ is supporting the Chilean Energy Ministry in executing solar measurements in order to 
create a database of the solar energy potential in the North of Chile. The field measurements 
also serve to validate the already existing meteorological model (solar-wind explorer) on the 
webpage of the Ministry: www.minenergia.cl. The Chilean Government also has announced to 
support two larger solar energy pilot projects for electricity generation in the Atacama desert, 
including a 500 kW photovoltaic (PV) installation and an approx. 10 MW concentrating solar 
power plant (CSP). Financial support for the projects will be made available through an 
international competition; it is expected that the tender documents will be published within the 
next months. 
 
Since 2008, GTZ has been supporting solar irradiation field measurements by installing and 
operating five meteostations at the following locations in the North of Chile: 
 

 Pozo Almonte (operating since August 2008) 
 San Pedro de Atacama (operating since May 2009) 
 Crucero (operating since August 2009) 
 Pampa Camarones (operating since February 2010) 
 Inca de Oro (operating since March 2010) 

 
Measurement results are made available to private project developers and investors and are 
published on the webpage of the Energy Ministry:  
http://www.minenergia.cl/minwww/opencms/03_Energias/Otros_Niveles/renovables_noconvenci
onales/Tipos_Energia/energia_solar.html 
 
 
3. Objectives and tasks of the International Consultant 
 
Overall objective 
 
The objective is to develop a SUN AREA analysis of the potential for solar power generation on 
buildings (Solar Potential Map) of the City of Calama in the North of Chile, and the development 
of a WebGIS (Web based Geographic Information Systems Resource) for the detailed and 
interactive representation of the Solar Potential Map. 
 
Specific objectives 
 
The specific objectives of the consulting services are:  
 

1. Data collection and generation of high resolution laser scanner data (LIDAR) of the City 
of Calama by an airborne survey; 
 

2. Development of a solar potential map of Calama based on the SUN-AREA method and 
analysis, providing information on the photovoltaic and solar thermal potential of each 
building (roof); 
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3. Development of an internet based interactive map and database (WebGIS) for the 

detailed presentation of the solar potential map in the internet. 
 

Tasks and activities  
 
The solar potential map shall cover the area of the city of Calama (approx. 25 km2). The exact 
area shall be agreed upon at the start of the project.  
 
The solar potential map shall consist of a database and a WebGIS for the web-based 
presentation of the solar potential map. The map shall cover two applications: 
 

 Electric power generation (photovoltaics) 
 Solar thermal applications (hot water generation or air conditioning systems). 

 
The solar potential map shall provide information on the suitability of all buildings in the area for 
photovoltaic and solar thermal applications in the form of qualitative and quantitative information 
(PV only). 
 

 Photovoltaic: all buildings are colour coded in 5 classes (from very well suited to not 
suited or no classification. For each registered property the database will provide 3 
parameters a) the size of the area (roof) which is suitable for power generation, b) the 
annual energy production and c) CO2 savings due to the replacement of conventional 
power generation. The energy production data take into account the local level of 
radiation, the orientation of the roof, the average efficiency of PV modules, and the 
shadowing effect of buildings, trees, and other nearby structures. 
 

 Solar thermal: all buildings are colour coded and classified in 2 classes (suitable and not 
suitable or insufficient data). 

 
 Additional information about the buildings (address, type of building etc.) can be 

integrated into the database. 
 
The specific tasks and activities of the International Consultant comprise:  
 
Task 1 regarding specific objective no. 1: data collection 
 

 Collection of existing geo-data from previous surveys, especially planimetric features; 
 

 Generation of laser-scanner data (LIDAR) by an airborne survey of the area under 
investigation; 

 
 Processing of LIDAR data in order to generate a digital surface model (DSM) suitable for 

the solar potential analysis; 
 

 
Task 2 regarding specific objective no. 2: SUN-AREA analysis 
 
 Data quality assessment; 
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 Integration of DSM, ortho images and planimetric features in order to identify relevant 
roof areas; 
 

 Generation of a status report and discussion at a meeting in Santiago or Calama; 
 

 Calculation of the total solar radiation at each roof point of the DSM, including the effect 
of shadowing from roof structures, trees and other buildings and structures. Direct and 
indirect radiation components will be taken into account; 
 

 Generation of a database providing detailed information for each roof area; 
 

 Statistical analysis of the overall potential for solar powe generation at Calama; 
 

Task 3 regarding specific objective no. 3: Development of WebGIS  
 
 Design of the WebGIS with respect to the specific requirements of the client (Ministry of 

Energy / GTZ) and the potential users. Details to be agreed upon as part of the project. 
 

 Integration of the database; 
 

 Implementation of the WebGIS on a server provided by the Steinbeis Company. The 
server and the application can be approached via web link from Chile. 
 

Additional Tasks: 
 
All necessary data to perform the specified tasks mentioned above will have to be provided by 
the Consultant. This also concerns: 

 
 Delivery of precise polygon shape, autocad.dwg or kmz of the areas to be mapped; 
 Cartographic information material; e.g. topographic maps, digital elevation models; areal 

photos for flight planning management and cadastral information; 
 Cartographic reference points for quality control purposes; 
 Ground control measurements within the area of observation; 
 Cartographic and geodetic parameters necessary for the transformation into the 

reference system requested by the client. 
 
 

4. Products 
 

The International Consultant is responsible to deliver the following products to the client: 
 
Products related to Task 1:  

 
 Laser scanner data 

 
Products related to Task 2:  
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 Status report on the quality of the collected data; 
 Database of the “Solar Potential Map” in a format ready to be implemented into a 

WebGIS; 
 Statistical analysis of the potential for solar power generation at Calama; 
 Final report and documentation in English (3 hard copies and electronic version) 

 
Products related to Task 3:  
 
 WebGIS with user interface in Spanish. The design of the WebGIS and the user interface 

will broadly follow the design of the Solar Potential Map already in operation in 
Wiesbaden / Germany (www.wiesbaden.de/solarkataster). It will also take into account 
the the specific requirements of the Ministry of Energy / GTZ. The details will be agreed 
upon during the project.  
 

 The WebGIS will be hosted for 1 year on the server provided by the International 
Consultant in Germany. It is intended to transfer the application to a server provided by 
the Ministry of Energy in Chile at any time, if the server is suitable for the application. 

 
 Documentation of the WebGIS in English. 

 
 
5. Time schedule and submission of reports / products 
 
The contract will start on May 28, 2010 and end on October 31, 2010.  
 

1. Work on task 1 shall start within three weeks after signing of the contract. The aerial 
survey will be completed within 9 weeks after signing of the contract, i.e. 30.07.2010. 
Weather related delays will be reported to the client. 
 

2. The Status Report will be submitted until 30.08.2010. 
 

3. The final report, including the database of the solar potential of roofs in Calama (Product 
No. 2), will be submitted until 31.10.2010 

 
4. The final report, including the generation and functioning of the interactive map and 

database on the Internet (WebGIS) as well as the WebGIS itself (Product No. 3), will be 
submitted until 31.10.2010.  

 
All reports will have to be submitted in English.   
 
6. Meetings and travel to Chile 
 
The Consultant shall participate in the following meetings with Ministry of Energy / GTZ.  
 

1. A preparatory meeting shall take place in Santiago before starting the aerial survey, 
within the first two weeks after signing of the contract. The meeting could be held with the 
Chilean representative responsible for the data collection. 
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2. A progress meeting with participation of the International Consultant shall take place in 
Santiago after submission of the Status Report (approx. 30.08.2010).  
 

3. A final meeting, including the demonstration of the Solar Potential Map in Santiago, shall 
take place after delivery of all items. The exact date of the meeting will have to be 
coordinated with the GTZ Project.  
 

Two representatives of the International Consultant shall participate in the second and third 
meeting in Chile. The exact dates will have to be coordinated with the GTZ Project. The 
Consultant will have to make flight and travel arrangements based on a travel duration of 5 
working days for each of the travels. Costs for accommodation and daily allowance will be paid 
according to GTZ standards. The Consultant will have to specify in his financial offer the exact 
number of flights to Calama. 
 
 
7. Obligation of the client 
 
The client will provide as much support as possible, for the acquisition of local administrative 
information, such as cadastral maps, house numbers, property tax numbers etc. For the case of 
digital or analog existence of these information, the client will use his local governmental 
relations for the liberation and delivery of these information to Digimapas Chile. Apart from this 
support, the client will arrange the official communication with the respective local authorities if 
requested by Digimapas Chile (official letter, direct phone calls) to facilitate the requests of 
Digimapas Chile to these authorities.  
 
 
8. Product property 

 
The product property of the Laser Scanner Data generated by Digimapas Chile (Products 
related to Task 1) is personal, not for client resale use. Digimapas Chile reserves its copyrights 
in respect of all raw data generated.  
 

 
9. Confidentiality 
 
The consultants commit themselves to full confidentiality of the information that they are 
managing regarding the compliance of the assigned task. The consultants commit themselves 
not to submit or communicate any data to a third party, except for the case that GTZ and/or the 
Energy Ministry (MINENERGIA) explicitly allow the contrary and/or that such information is in the 
public domain. 
 
 
10. Payment 
 

 40% of the total contract value is due after signing of the contract 
 30% of the total contract value is due after the progress meeting or within 6 weeks after 

submission of the status report if the progress meeting has not yet taken place.  
 30% of the total contract value is due after conclusion of all activities and final 

acceptance of the product delivery according to the Terms of Reference. 
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1.0 INTRODUCTION 

DIGIMAPAS CHILE LTDA. under contract with Steinbeis from Germany for the project 

"Renewable Energy Chile" PN: 2007.2079.7-001.00 and whose applicants are GTZ and the 

Ministry of Energy of Chile, is making flights mapping the area required with the LIDAR 

system "HARRIER 56" which also includes two image sensors with digital cameras. 

The objectives of this project are building a Solar Potential Map by analyzing the 

impact of the sun on roof surfaces in the city of Calama Chile and develop a Geographic 

Information System through a Web page (WebGIS) with the attributes of the solar potential 

map to be generated. 

The LIDAR system (Light Detection And Ranging), is an active remote sensing system 

that emits pulses of laser light in the electromagnetic spectrum band capturing the reflected 

signal (echo) in the topographic surface swept, obtaining the elevations as faithful to reality by 

ALS (Airborne Laser Scanning), The LIDAR also is composed for a satellite georreceptor that 

provides the position and height of the aircraft at all times of the laser pulse emission which is 

the system GNSS and finally incorporates an Inertial Navigation System INS, which provides 

information about the twists and trajectory of the aircraft in flight. In summary the LIDAR 

system is composed of three subsystems (ALS, GNSS and INS) which independently record 

their own observations, with the common parameter for synchronization and post processing 

the GPS time which records each measure. 

The LIDAR system is trained to capture two types of data: height and intensity of which 

will derivate the products that this system gives and the most common data used of these two 

is the height for the production of Digital Surface Model (DSM) and Digital Terrain Model 

(DTM). 

The purpose of this report is to establish the progress of flights and coverage captured 

of the project area according to the flights planning made, for subsequent processing of 

LIDAR products, RGBA Imaging and Digital Mapping. 
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2.0 GENERAL 

 

 

2.1 GEODESIC ANTECEDENTES  

Reference System WGS84-SIRGAS, Cartographic Projection UTM Huso 19 S and Global 

Elevation Model Geoidal EGM08 are used for flight planning and surveying systems used. 

These parameters are used for standard products made by DIGIMAPAS Chile, with the 

exception of the geoid models of ripple. 

Datum: WGS84 (SIRGAS) 

Projection: UTM, Huso 19 South 

Figure Nº 1: Project Location  

 

Reference: Google Earth  
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2.2 FLIGHT METHODOLOGY  

 

2.2.1 FLIGHT PLAN DEVELOPMENT  

This part of the methodology defines the height of the flights, the direction of the lines, also 

makes an estimate of time and the movements necessary to completely cover the project 

area. The planning process gives the following results: 

• Number of flight lines. 

• Number of linear kilometers. 

• Calculation of flight time. 

• Calculation of average number of flights 

• Calculation of flight movements.  

2.2.2 FLIGHT STUDY  

Were sought the best alternatives of movement from the aerodrome and the best flight path 

for the planned lines 

2.2.3 WEATHER CONDITIONS VERIFICATION 

Constantly is checked the weather for the flight area in order to choose the best flying areas 

according to weather conditions. For this were used satellite images and local weather 

forecasts. 

2.2.4 QUALITY CONTROL OF FLIGHTS MADE 

Is controlled the coverage of laser flights from a file in ASCII format, generated only with real-

time navigation with an accuracy of 5 meters and a lower density of points that the final 

product, this file is known as coverage. For flights with digital camera is performed a low 

resolution global mosaic and the navigation is superimposed with the centers of each photos 

taken. Using these tools, we have a visualization and a complete control of each flight 

performed and therefore the first quality control of the process 
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3.0 FLIIGHT OPERATIONS 

DIGIMAPAS Chile following the methodology previously raised has made two flights. 

The detail of each day of flight is defined below. 

PRIORITY CALAMA3 

Day 16/07/2010 

• Weather Report  

Global Weather: Clear with Dust Storms. 

 

 

 

• Coverage made: No flights for this day, unfavourable weather conditions due to strong 

wind gusts recorded in the study area.  
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Day 17/07/2010 

• Weather Report  

Global Weather: Clear with Dust Storms 

 

 

 

 

• Coverage made: No flights for this day, unfavourable weather conditions due to strong 

wind gusts recorded in the study area 
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Day 18/07/2010 

• Weather Report 

Global Weather: Clear. 

 

 

 

• Coverage made: No flights for this day. Flight team had other commitments previously 

to the project acquired for this particular day. 
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Day 19/07/2010 

• Weather Report.  

Global Weather: Clear 

 

 

 

Coverage made: No flights for this day. Flight Team restarts mobilization towards the study 

area because the previous day had to make other prior commitments outside the designated 

area for flying in the city of Calama. On Tuesday is expected to start scheduled flights if 

weather conditions permit 
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Day 20/07/2010 

• Weather Report  

Global Weather: Clear with dust Storm. 

 

 

**Source: General Direction of Civil Aeronautics – DGAC according to TAF of the Airport of 

The Loa, date 20 -07 - 2010. 

 

Coverage made: No flights for this day. Adverse weather conditions do not allow flights in the 

area of study. There are strong wind gusts that are reaching to have picks of 40 knots and 

gusts with 30 knots of velocity so the planned flight that is dated July 20 is suspended pending 

to improve weather conditions in the area. 
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Day 21/07/2010 

• Weather Report 

Global Report: Clear. 

 

 

**Source: General Direction of Civil Aeronautics – DGAC according to TAF of the Airport of The 

Loa, date 21 -07 - 2010.  

Coverage made: Laser flight makes for the entire area of study in this day 21 July. Flight for 

Camera must be done the next day because the weather in the afternoon are less appropriate 

due to the increasing wind gusts that have occurred in recent days in city of Calama. 
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Day 22/07/2010 

• Weather Report  

Global Weather: Clear. 

 

 

** Source: General Direction of Civil Aeronautics – DGAC according to TAF of the Airport of The 

Loa, date 22 -07 - 2010. 

Coverage made: Flight camera is made for the entire study area in this day. It ends the data 

collection for both laser and camera. 
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Coverage of Laser and Images made. 

Flight Code: Boot 1279(L) - 1280(L+VIS) - 1281(L+VIS) 

Hectares Covered: Total area 2881 (ha), (Surface includes areas of overlap), 

                                Total area of Polygon Project 2500 (ha) 

Lines Flown: Laser: 28 lines; Camera: 14 lines (272 images) 

Laser Coverage: 

28 lines 
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Camera Coverage 

 14 lines (272 images) 
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Solar Radiation Information 
 

According to the project “Renewable Energies Chile”, which is in actual progress, Digimapas Chile has mad a 
research and hence after a data collection from several specialized institutions, to fulfil the requirement of 
supporting the project with solar potential long term measurements near the city of Calama, Chile. 
 
 
One can find below three different types of information, which covers a range of years, starting from 1961 until 
2010 approximately:  
 
 

� Global solar radiation incident on a horizontal surface 
� Diffuse solar radiation incident on a horizontal surface 
� Direct Solar Radiation 

 
Measurements that will be represented through monthly and annual averages across the range of years. 
 
The data was retrieved from 3 different sources for better understanding and handling.  
 
 
Specifications and Features of the Data: 
 
GROUP I 

 
These data correspond to solar measurement stations located in the north of Chile near the city of Calama. 
These stations have been installed by GTZ to support the Ministry of Energy of Chile and are operational since 
2008.  For this project we have considered two stations near the study area.  The records were obtained from 
August 2008 until February 2010. 
 

� POZO ALMONTE METEOSTATION 
 

     Location Meteostation Pozo Almonte, Chile. 

 
Reference: Google Earth 
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Characteristics of the measurements:  
 
1. Time Range: August 2008 to February 2010 (average monthly and annual)  
2. Types of Solar Measurement: Global Solar Radiation on a horizontal surface; Diffuse Solar Radiation 
and Direct Solar Radiation. 
3. Measurement unit: KWh/m2 day. 
4. Data presentation: Graphical and statistical tables. 

 
 
 

Graphic representation for years 2008, 2009 and 2010 
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STATISTICS FROM POZO ALMONTE METEOSTATION 

    Solar Radiation [kWh/m²day] 

    
Global 

horizontal 
Global 

Monitoring 
Diffuse 

Monitoring 
Direct 

August 6,15 8,99 0,62 8,37 

September 7,14 10,47 0,73 9,74 

October 8,11 11,6 0,81 10,79 

November 8,41 11,95 0,88 11,06 

2008 

December 8,26 11,22 1,25 9,97 

January 8,37 11,67 1,08 10,59 

February 7,6 10,3 1,23 9,06 

March 7,16 10,15 0,91 9,24 

April 6,26 8,91 0,73 8,18 

May 5,31 7,49 0,64 6,85 

June 5,07 7,5 0,51 6,99 

July 5,13 7,27 0,72 6,56 

August 6,16 9,07 0,57 8,5 

September 6,94 10,06 0,7 9,36 

October 8,16 11,7 0,75 10,94 

November 8,31 11,48 1,09 10,39 

 
 
 
 

2009 
 
 
 

 

December 8,12 11,58 1,17 10,41 

            

  

Average 
2009  

6,88 9,77 0,84 8,92 

            

January 8,31 11,3 1,24 10,06 
2010 

February 7,4 9,96 1,28 8,68 

            

  

Average 
2010 

7,18 10,14 0,89 9,25 

  Maximum 8,41 11,95 1,25 11,06 

  Minimum 5,07 7,27 0,51 6,56 
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� SAN PEDRO METEOSTATION 

 
 

Location Meteostation San Pedro, Chile 

 
Reference: Google Earth 

 
 
Characteristics of the measurements:  
 
1. Time Range: May 2009 to February 2010 (average monthly and annual)  
2. Types of Solar Measurement: Global Solar Radiation on a horizontal surface; Diffuse Solar Radiation 
and Direct Solar Radiation. 
3. Measurement unit: KWh/m2 day. 
4. Data presentation: Graphical and statistical tables. 
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Graphic representation for years 2009 and 2010 

 

STATISTICS FROM SAN PEDRO METEOSTATION 

    Solar Radiation [kWh/m²day] 

    
Global 

horizontal 
Global 

Monitoring 
Difusse 

Monitoring 
Direct 

May 5,10 7,58 0,59 6,99 

June 4,90 7,03 0,83 6,20 

July 4,74 6,75 0,82 5,93 

August 6,10 9,26 0,65 8,61 

September 7,04 10,24 0,96 9,28 

October 8,51 12,23 0,83 11,40 

November 8,99 12,33 1,21 11,12 

2009 

December 9,12 12,16 1,34 10,81 

January 9,10 12,35 1,18 11,17 
2010 

February 8,19 11,05 1,19 9,86 

            

  Average 7,18 10,10 0,96 9,14 

  Maximum 9,12 12,35 1,34 11,4 

  Minimum 4,74 6,75 0,59 5,93 
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GROUP II 

These data correspond to measurements made by the Atmospheric Science Data Center of NASA as part of its 
support for the development of Renewable Energy. These data have been obtained through more than 200 
meteorological and solar energy parameters derived from Satellites (ref. Dr. Paul W. Stackhouse and Dr. 
Charles H. Whitlock) 
 

Location Calama Chile, Longitude and latitude used for data collection 

 
Reference: Google Earth. 

 
 
 

 
Characteristics of the measurements:  

 
1. Time Range: 22 years (Jul 1983 - Jun 2005) monthly and annual average for this period. 
2. Types of Solar Measurement: Global Solar Radiation on a horizontal surface; Diffuse Solar Radiation 
and Direct Solar Radiation. 
3. Measurement unit: KWh/m2 day. 
4. Data presentation: Statistical tables. 
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Table I. 
 
Monthly Averaged Insolation Incident on a Horizontal Surface (22-year Average)  

The monthly average amount of the total solar radiation incident on a horizontal surface at the surface of the 
earth for a given month, averaged for that month over the 22-year period (Jul 1983 - Jun 2005). Each monthly 
averaged value is evaluated as the numerical average of 3-hourly values for the given month.  
 

Monthly Averaged Insolation Incident On A Horizontal Surface (kWh/m
2
/day) 

Lat. -22  
Lon -68 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Annual 
Average 

22-year Average  7.33 7.16 6.70 6.23 5.37 4.84 5.09 5.87 7.07 7.97 8.53 8.19 6.69 

 
Table II 
 
Minimum and Maximum Difference from Monthly Averaged Insolation  

The minimum and maximum values for a given month indicate the percent difference between the year that has 
the least (minimum) or most (maximum) monthly averaged insolation and the 22-year monthly averaged 
insolation.  
 

Minimum And Maximum Difference From Monthly Averaged Insolation (%) 

Lat -22  
Lon -68 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Minimum  -17 -18 -14 -7 -6 -16 -13 -13 -10 -9 -21 -15 

Maximum  14 16 11 6 7 7 5 5 6 7 9 9 

 
Table III 
 
Monthly Averaged Direct Normal Radiation (22-year Average)  

The monthly average amount of solar radiation incident on a surface oriented normal to the solar radiation for a 
given month, averaged for that month over the 22-year period (Jul 1983 - Jun 2005).  
 

Monthly Averaged Direct Normal Radiation (kWh/m
2
/day) 

Lat -22  
Lon -68 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Annual 
Average 

22-year Average  7.36 7.54 7.76 8.70 8.68 8.37 8.57 8.73 9.46 9.77 10.0 9.06 8.68 

 
Table IV 
 
Minimum and Maximum Difference from Monthly Averaged Direct Normal Radiation  

The minimum and maximum values for a given month indicate the percent difference between the year that has 
the least (minimum) or most (maximum) monthly averaged direct normal radiation and the 22-year monthly 
averaged value.  
 

Minimum And Maximum Difference From Monthly Averaged Direct Normal Radiation (%) 

Lat -22  
Lon -68 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Minimum  -14 -14 -11 -3 n/a -12 -10 -11 n/a n/a n/a -13 

Maximum  13 14 7 3 4 -1 -1 -1 1 3 0 4 
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Table V 
 
Monthly Averaged Diffuse Radiation Incident on a Horizontal Surface (22-year Average)  

The monthly average amount of solar radiation incident on a horizontal surface at the surface of the earth under 
all-sky conditions with the direct radiation from the sun's beam blocked by a shadow band or tracking disk for a 
given month, averaged for that month over the 22-year period (Jul 1983 - Jun 2005).  
 

Monthly Averaged Diffuse Radiation Incident On A Horizontal Surface (kWh/m
2
/day) 

Lat -22  
Lon -68 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Annual 
Average 

22-year Average  2.19 1.93 1.53 0.94 0.66 0.60 0.61 0.79 0.95 1.25 1.49 1.88 1.23 

Minimum  1.74 1.37 1.15 0.71 n/a 0.37 0.44 0.59 n/a n/a n/a 1.49 n/a 

Maximum  2.52 2.33 1.89 1.17 0.85 0.99 0.95 1.20 1.33 1.61 2.26 2.36 1.62 

22-year Average K  0.62 0.64 0.67 0.73 0.75 0.74 0.75 0.74 0.75 0.75 0.74 0.69 0.71 

Minimum K  0.52 0.52 0.57 0.68 0.70 0.62 0.65 0.64 0.68 0.68 0.59 0.59 0.62 

Maximum K  0.71 0.74 0.74 0.77 0.80 0.79 0.78 0.78 0.80 0.80 0.81 0.75 0.77 

  
NOTE:  

Diffuse radiation, direct normal radiation and tilted surface radiation are not calculated when 
the clearness index (K) is below 0.3 or above 0.8. 
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Group III 

 
This information has been gathered over an extensive range of years, thanks to the cooperation of various 
educational institutions, government and research, an extensive study under the direction of Professor Pedro 
Sarmiento M. (Technical University Federico Santa Maria) which gathers more than 40 years of global solar 
radiation Measurements in horizontal plane, incorporating more than 100 measurement points throughout Chile. 
 
The data presented here are originated in the Laboratory of Solar Energy and Evaluation of the Technical 
University Federico Santa Maria, Founded in 1960 by Professor of the Faculty of Mechanics of the time, Julio R. 
Hirschmann, and covers roughly from the years 1961-1995 approximately. 
 
The study, whose full results are described in a book called "Solar Irradiance in Territories of the Republic of 
Chile" was published by the National Energy Commission of Chile, the United Nations Programme for 
Development, Global Environment Facility and the Technical University Federico Santa Maria 
 

Front “Solar Irradiance in Territories of the Republic of Chile" 

 
 

 
Characteristics of the measurements:  
 
1. Time Range: 1961-1995 approximately, monthly and annual average for this period. 
2. Types of Solar Measurement: Global Solar Radiation on a horizontal surface; Diffuse Solar Radiation 
and Global Solar Radiation in different inclinations and azimuth. 
3. Measurement unit: KWh/m

2
, MJ/m

2
 

4. Data presentation: Statistical tables. 
 



 
SOLARIMETRIC RECORD CALAMA 

 

Study under the direction of Professor Pedro Sarmiento M. (Technical University Federico Santa Maria) which gathers more than 40 years of global solar 
radiation measurements in horizontal plane, incorporating more than 100 measurement points throughout Chile. 

 
The data presented here originate in the Laboratory of Solar Energy and Evaluation of the Technical University Federico Santa Maria, founded in 1960 by 

Professor of the Faculty of Mechanics of the time, Julio R. Hirschmann thereafter by the teachers Adolfo Arata A. and Pedro Roth U. and now, by Professor of 
the Department of Mechanics, Pedro Sarmiento M. 

 
TABLE A 

 
MONTHLY AND ANNUAL GLOBAL IRRADIATION IN HORIZONTAL PLANE FOR DIFFERENT LOCATIONS OF CHILE WITH UNITS MJ/m2 

 

 

 
 

** NOTE: 1 (MJ) = 0, 2777 (Kwh.), City of Calama is the marked with a circle in the List. 
** These Values are a monthly Average for a period between year 1961 and 1995 approximately and in the final column in the table is the annual value. 
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TABLE B 

 
MONTHLY AND ANNUAL GLOBAL IRRADIATION IN DIFFERENTS 
INCLINATIONS AND AZIMUTH WITH UNITS MJ/m2 (CALAMA) 
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TABLE C 
 

MONTHLY AND ANNUAL GLOBAL IRRADIATION IN DIFFERENTS 
INCLINATIONS AND AZIMUTH WITH UNITS Kwh/m2 (CALAMA) 
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TABLE D 
  

TABLE OF RADIATION TOTAL TIME, AVERAGE MONTHLY FOR DIFFERENT DIRECTIONS (AZIMUTH, AZ) 
AND SLOPES SURFACE WITH UNIT W/m2 (CALAMA) 
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TABLE E 
 

TABLE OF PERCENTAGE OF TIME DIFFUSE RADIATION 
RESPECT TO TOTAL RADIATION FOR DIFFERENT DIRECTIONS, IN UNITS% (CALAMA) 
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Azimuth of a plane or surface of interest: 

Angle conformed by the meridian of the place and the projection on the horizontal plane of the perpendicular to the plane of interest (º) 
 

Inclination of a plane or surface of interest: 

Angle conformer by the horizontal plane and the surface of interest, (º). 
 

Global Irradiation:  

Incident solar energy in a surface per area unit (MJ/m2) or (kWh/m2) 
 

Diffuse solar radiation: 

Solar radiation from the arch of heaven, (W/m2). 
 

Direct solar radiation:  

Solar radiation which is received from the solid angle of the solar disk, (W/m2) 
 

Solar radiation reflected:  

Fraction of solar radiation (direct and diffuse) that is reflected by the Earth's surface (W/m2). 
 

Total or global solar radiation: 

Incident solar potency per unit surface area, amount of solar radiation direct, diffused and reflected, (W/m2). 
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IRRADIATION MAP 

 

 
 



Solar potential roof cadastre 

according to the SUN‐AREA 
research project on the basis 

f 3D LIDAR dof 3D‐LIDAR‐data 

Calama
Scientists:

Prof Dr KlärleProf. Dr. Klärle
Dipl. Geogr. Meik
Dipl.Geoinf. Lanig
Dr. Stolzenburg

Steinbeis-Transfer-Center
Geoinformations- and Land Management



Santiago
Santiago

Steinbeis-Transfer-Center
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Santjago
Santiago
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most suitable roofsmost suitable roofs

Laserscanning-Dataphotovoltaics on existing
roofs
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Data-Basis

clip: cadastral map Laser‐3D‐Informationclip: cadastral map Laser‐3D‐Information 

Requirements:

1‐4 points/m²

accuracy of measurement

0,15m

Steinbeis-Transfer-Center
Geoinformations- and Land Management
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Method - formular

Si l d f

Method   formular

Site-related factors

Roof direction (fd) Sol
( d)

Roof pitch (fp)
Sol‐
P(Pot)=R*fd*fp*fC*EP*EI

Minimum sizeClouding (fC)

Gl b l di i (R)Global radiation (R)

Efficience of Pannel  (Ep)
Energy potential

 i l
p

Efficience of Installation (EI)
 numerical

map
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Site-related factorsSite related factors

Roof direction Global radiation depending on the roof
direction

95
100%

9090

8080

Quelle: www.solarserver.de

Steinbeis-Transfer-Center
Geoinformations- and Land Management



Site-related factorsSite related factors

North Germany
Roof pitch Chile

Germany

For Calama: 

0° 10° excellent suitablity0 ‐ 10 excellent suitablity  

10‐20° good suitablity 

° ° bl20 °‐40° suitablity 

> 40° no suitablity 

Quelle: Grammer Solar

0° 10° 20° 30° 40° 50° 60° 70° 80° 90°

Steinbeis-Transfer-Center
Geoinformations- and Land Management

Quelle: Grammer Solar



Clouding

Cl di

Clouding

Clouding

- latitude

- time

- date (season)

scientist
Dipl.Geoinf. Sandra Lanig
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Clouding
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Clouding

August

12 o´clock
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Clouding
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Clouding

September

12 o´clock
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Clouding

O t b

Clouding

October

12 o´clock
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Clouding
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Clouding

November

12 o´clock
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Clouding

December

Clouding

December

12 o´clock
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Clouding
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Clouding

January

12 o´clock
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Clouding
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Clouding

February
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March

12 o´clock

Steinbeis-Transfer-Center
Geoinformations- and Land Management



Clouding

A il

Clouding

April
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farm buildingfarm building

excellent
suitablity

Data base:

excellent

well suitable

suitable

Suitability:  very good 
Area:  315m²
Energy output: 41 MWh/a
CO2 equivalent : 32t/a
Power for: 27 persons
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Global IrradianceGlobal Irradiance

Steinbeis-Transfer-Center
Geoinformations- and Land Management



The project SUN-AREA – Calama (Chile) p j ( )

Investigation Area
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Particular solar radiance in Calama

ExtentionExtention 
peace
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Calama Maximum  2.400 kWh/a
On the Roofs

Min: 370Min: 370
Max: 2.257
Average 1.767
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Area with good staticsg

New housing 
areas with 
stable roof 
structures
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The project SUN-AREA – Calama (Chile)
St ti tiStatistics 

Buildings 59 069Buildings 59.069

Building-Area 5.539.100 m²

Average/Building 117m²Average/Building 117m

Inhabitants ca. 135.000

Roof 
area/Inhabitants 41m²

Steinbeis-Transfer-Center
Geoinformations- and Land Management



http://www.geopm-kom5.de/geoapp/catastrosolar/calama/
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The project SUN-AREA – Calama (Chile)
St ti tiStatistics 

suitable roof areas in m² (77% of ~ 550ha)suitable roof areas in m         (77% of    550ha) 

most suitable >2100kWh/m²
23% 27%

well suitable /2100-2000kWh/m²)

13%

)

suitable (2000-1600kWhm²)
13%

( )

not suitable
37%

Steinbeis-Transfer-Center
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Consumption - Potential p

Electric private power consumption in Calama:
 private household (4 persons): 2.400kWh/a

 Per person: 600kWh/a Per person: 600kWh/a

 Complete private consumption: 81.000MWh

Steinbeis-Transfer-Center
Geoinformations- and Land Management



Consumption - Potential p

P t ti l i MWh % f C tiPotential in MWh % of Consumption

most suitable 288.100 443
ll it bl 384 300 591well suitable 384.300 591

suitable 126.000 193

 8% of the suitable roofs will produce

SUM: 798.400 1228

 8% of the suitable roofs will produce 

100% of Calamas private Consumption

40MWp    

50.000t CO2

Steinbeis-Transfer-Center
Geoinformations- and Land Management

50.000t CO2 



We need geoinformatics 
to fight climate change!
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Geoinformations- and Land Management



Potencial solar de una superfi cie de techo 
empleando el método SUN-AREA

El proyecto de investigación SUN-AREA ha comprobado 
que: Cerca del 20% de las superfi cies de techo en 
Alemania son idóneas para el aprovechamiento de 
la energía solar, se estima que esta energía podría 
cubrir completamente la demanda energética del país 
y a su vez aumentar el aprovechamiento en 100 veces 
respecto al  uso actual.

A partir de datos recolectados mediante un escaneo por 
laser desde un avión, y con ayuda de un Sistema de 
Información Geográfi ca (SIG), SUN-AREA determina 
automáticamente y con precisión el Potencial solar 
de todas las Superfi cies de Techo existentes en cada 
ciudad del total de condados o distritos administrativos. 
Este proceso es necesario para determinar la 

La aplicación como un mapa interactivo y una base de datos en Internet 

Ejemplos Aplicados:
SUN-AREA ha sido implementado en varias  Ciudades, a continuación se muestran 3 ejemplos de los mapas 
interactivos que se han publicado en Internet, actualmente estos gráfi cos se encuentran disponibles de manera 
pública.

Ciudad Osnabrück   cerca de 70.000 superfi cies de techo analizadas     www.osnabrueck.de/sun-area
Ciudad Gelsenkirchen    cerca de 40.000 superfi cies de techo analizadas     www.solar-gedacht.de
Ciudad Braunschweig   cerca de 80.000 superfi cies de techo analizadas      www.braunschweig.de/sun-area 
     (Con Catastros Solares térmicos separados)

El canal de Televisión Alemán „Deutsche Welle“ y el programa científi co NANO contribuyeron en la difusión de 
SUN AREA al público en general.

www.dw-world.de/dw/article/0,2144,3471787,00.html (Alemán)
www.dw-world.de/dw/article/0,2144,3475182,00.html (Inglés)
www.3sat.de/mediathek/?obj=7304

En la ciudad Piloto de Osnabrück fueron analizados 70.000 techos. La siguiente gráfi ca es un extracto de ello:  

Idoneidad (Adaptación):           Muy buena

Area Apta (Idónea):            129 m²

Posible benefi cio (ganancia):   16.529 kWh/a

Reducción de CO2:           8.496 kg/a

Demanda energética:              11 Personas

Inversión:                52.000 Euros

Muy apropiado

apropiado

apropiacion limitada

idoneidad solar, la ganancia de energía, el ahorro de 
CO2 y el grado de inversión para cada superfi cie de 
techo. Dicho análisis se hace mediante el cálculo 
del grado de inclinación del Techo, su orientación y 
sombreado. Los resultados se ponen a disposición 
general en un mapa interactivo publicado en Internet.
 
Por medio de SUN-AREA se contribuirá al acercamiento 
entre nuestra sociedad y el uso efectivo de la energía 
solar. 

El Método SUN-AREA es el resultado del trabajo 
adelantado por un     equipo de investigación conformado 
por Dorothea Ludwig  y Sandra Lanig, y bajo la dirección 
de la Prof. Dr. Martina Klärle.

Contacto:
Centro de Trannsferencia para la Geoinformatica
y Ordenamiento Territorial Steinbeis
Würzburger Straße 9
97990 Weikersheim
Tel.: 07934/99 288-8 
E-Mail: info@sun-area.net

www.sun-area.net
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