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Abstract 

Solar mapping in the urban environment using Geographic Information Systems (GIS) 

provides powerful tools for urban planning, policy analysis and promotion of clean and 

renewable technologies.  

Detailed qualitative and quantitative information about the built environment can be 

obtained from many sources, namely from Light Detection and Ranging (LiDAR) data. 

The aim of this paper is to assess photovoltaic (PV) potential of residential buildings, 

using GIS-based models and LiDAR data. This method enables the analysis of roofs 

according to their slope, azimuth, and shaded areas. In order to achieve that goal, a two-

folded methodology is proposed and tested in Lisbon, Portugal. Firstly, the income of 

solar energy at the roof tops is modeled. Then, population at the building level is 

assessed allowing for the estimation of the local electricity demand. Based on this 

model, different research questions can be addressed: where are the most interesting 

roofs for solar applications? who owns them? how much energy is consumed locally? 

We calculate that the total PV potential of the 693 residential buildings identified in the 

study area is 3202 MWh/year. That value is about 25% of the local electricity demand. 

It is shown that a large fraction of the most interesting roof areas for solar application is 

available at buildings with multiple-ownership. This suggests that incentives policies 

should facilitate the use of these communal areas. 
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1. Introduction 

Local governments are responsible for applying in their cities, strategic guidelines to 

improve energy efficiency based on renewable sources. In this context, remote sensing 

technologies can be an effective source of updated geo-information about the urban 

environment. Through the generation of energy demand and supply scenarios for the 

city, urban planners and city officials can obtain accurate assessments and decide upon 

realistic sustainable goals.  

Solar energy is one of the best renewable energy sources, having the least negative 

impacts on the environment (Solangi et al., 2011). Assessing the city’s solar energy 

potential through solar mapping, constitutes a valuable analytical tool that permits 

quantifying local capabilities for energy production and use those findings for designing 

and implementing urban planning energy strategies, in line with sustainable 

development goals and aims.  

Furthermore, solar maps can be updated on a regular-basis and thus used for monitoring 

effects of policy application. Energy production and replacement of fossil fuels by 

renewable sources, along with energy savings on the demanding side (Lund, 2007), 



constitute the basis for sustainable energy policies that are concerned with reducing 

dependence on fuel fossils, thus gaining in environmental benefits. Such policies can 

include new legislation and incentives to investment. Knowing the solar energy 

generation installed capabilities, the geographical distribution and characteristics of the 

best places for implementing solar systems, can lead to effective expansion of 

distributed generation of renewable energy in the city. 

The residential sector plays an important role in cities’ electricity consumption. In 

Lisbon, capital city of Portugal, about a third of the electric intake is absorbed by the 

residential sector (Ferreira e Pinheiro, 2011). Its main uses are lighting and powering 

home appliances. Solar technology in Portugal is already being valued via the 

implementation of European Union Directives (Directive 2002/91/EC). This new 

awareness, associated with the fact that Portugal is one of the European countries with 

the highest levels of annual solar irradiation (Šúri et al., 2007), contributes to a growing 

interest in the quantification of energy-based indicators at the city and building’s scale, 

in order to assess photovoltaic (PV) conversion and thermal solar potential. In fact, 50% 

of the electricity consumed in the country is already generated through renewable 

sources, mainly hydropower (DGEG, 2011), but solar systems can be implemented 

locally and used alternatively. In order to propose technical and financial solutions, data 

on the solar power generating potential of the city is required.  

Planning for energy investments on solar systems requires information on 1) the electric 

power demand, and 2) on the generation capabilities of those systems. Methodologies 

for energy planning have been addressed in the literature (Mourmouris and Potolias, 

2013; Cellura et al., 2012; Ordónez et al., 2010; Wiginton et al., 2010; Izquierdo et al., 

2008; Gadsden et al., 2003). These studies deal with energy consumption models and 

the contribution of solar systems for fulfilling that demand. However, either the built 

structure was not modeled in detail (e.g., Mourmouris and Potolias, 2013; Wiginton et 

al., 2010; Izquierdo et al., 2008), or it was made through the use of statistical data, or 

2D maps obtained from imagery analysis (e.g., Ordónez et al., 2010; Cellura et al., 

2012). Consequently, the incoming solar irradiation at the rooftop was not too 

accurately estimated.  

As far as the generation capabilities of the solar systems, it is important to highlight that 

to adopt solar technologies, detailed solar suitability information on every building in a 

community should be available for urban planners (Santos et al., 2011a). Identifying 

buildings that are suitable for solar panel installation requires modeling 1) the built 

environment, 2) the solar irradiation and, 3) the available area at the rooftops for panels’ 

installation. In the following paragraphs each of these issues is discussed in detail.  

Modeling urban environments can be a difficult task. According to the scale of analysis, 

it can be a more or less detailed process. Several methods for data acquisition are 

commonly used in this context. Bergamasco and Asinari (2011) segmented aerial 

images to obtain estimations of the available roof area.  Wiginton et al. (2010) explored 

the relationship between population and roof area for estimating PV potential, while 

Izquierdo et al. (2008) computed roofs’ PV potential using indirect data (e.g., land use, 

population and building densities) and statistically representative stratified-sampling of 

vector maps of urban areas. More precise 3D information focused on buildings can be 

compiled, through the use of topographic information (e.g., from the land registry), in 

combination with laser measurement data (e.g., as obtained from a LiDAR flight), and 

aerial or satellite images. Nowadays, airborne LiDAR has become an accurate, cost-



effective alternative to conventional technologies for the creation of altimetric data at 

vertical accuracies that range from 0.15 to 1 m (Hill et al., 2000; Gamba and 

Houshmand, 2002; Kaartinen et al., 2006). A LiDAR product consists on a point cloud 

with elevation information for each location. Two initial raster products can be obtained 

from that data set: the Digital Terrain Model (DTM) and the Digital Surface Model 

(DSM). DTM is a bare earth model with all raised objects above the terrain removed, 

while the DSM has the ground values included and raised objects above the ground (e.g. 

trees, buildings, cars, etc.). There are several approaches to interpolate and construct a 

3D urban surface model (incorporating the relief), based on LiDAR and GIS buildings 

data (e.g., Kodysh et al., 2013; Tack et al., 2012; Santos et al., 2011a; Carneiro et al., 

2008). Other authors identify buildings in the DSM using features such as local height 

differences, curvature, height differences, local homogeneity of surface normals, etc. 

(e.g., Brédif et al., 2013, Vögtle et al., 2005; Rottensteiner et al., 2003). 

The incident solar radiation can be measured by ground-based meteorological stations 

or meteorological satellites and/or be estimated through models. There are several solar 

models available in the literature. They vary in the detail of the input parameters and, 

consequently, in the output map. Solar Analyst (Fu and Rich, 1999) and Photovoltaic 

Geographical Information System (PVGIS) (Šúri et al., 2005) are two examples of solar 

radiation models. Solar Analyst is suitable for local-scale applications. Taking into 

account a user specified model (a DTM or, more desirable, a DSM), and further 

parameters such as transmissivity and diffuse radiation fraction, among others, the 

model accounts for atmospheric effects, as well as site latitude and elevation, steepness 

(slope) and compass direction (aspect), daily and seasonal shifts of the Sun angle, and 

effects of shadows cast by surrounding topography. On the other hand, PVGIS operates 

on a lower scale, and accounts for sky obstruction (shadowing) by local terrain features 

(hills or mountains), based on a digital elevation model (USGS Shuttle Radar 

Topography Mission).  

Manipulating the solar resources at the building level within a GIS is a straightforward 

way of identifying appropriate roof areas for panel installation. Applying algorithms to 

automatically classify and segment data, enables analyzing buildings’ roofs according to 

their slope, azimuth, and shaded areas (Santos, 2011b). Knowing the amount of incident 

solar radiance and the optimal roof areas for capturing that energy, the solar potential of 

any roof plane can be easily calculated (e.g., Kodysh et al., 2013; Brito et al., 2012; 

Jochem et al., 2009; Hofierka and Kaňuk, 2009; Kassner et al., 2008; Rottensteiner et 

al., 2005). This analysis has also been extended to include solar potential of facades and 

other vertical surfaces (Redweik et al., 2013). 

Solar energy incentive schemes constitute a planning tool for promoting and reinforcing 

the dissemination of PV projects in the residential sector. The most common financial 

incentives are based on Feed-in Tariffs (FIT). In this framework, the energy generated 

by renewable energy technologies benefits from a rate, generally higher than the 

electricity market prices. So far, this incentive has had low impact on the deployment of 

photovoltaics in Portugal, due to a number of reasons including procedural barriers, 

capping limit for installed power, perceived legislative instability, etc. 

Besides injection to the grid via a FIT, rooftop owners can explore their roofs in two 

ways: by installing solar panels for self-consumption (under net metering incentive 

schemes), or by leasing the space to a developer.  



In the present study, the contribution of PV systems is tested using a 3D model of the 

buildings based on LiDAR data. This approach allows for a detailed estimation of the 

energy generation through PV since the shadows cast by surrounding buildings and 

topography, are calculated for each building in the area. The results are presented in two 

rooftop exploration scenarios - considering the investment in PV panels for fulfilling 

electricity demand at the building level and, alternatively, by renting the roof space to 

third parties and receiving benefits from it.  

The methodology is exposed in section 2 and results of its implementation in a study 

area located in Lisbon, Portugal are presented and discussed in section 3. 

2. Methodology 

The methodology is a two-step process. Firstly, PV generation potential of the rooftops 

is calculated based on the solar incidence on each roof and the available area. Then, the 

resident population in each building is estimated. Based on the combination of these 

outputs, two models of rooftop PV exploitation, for energy planning purposes, are 

analyzed in a study area.  

2.1 Study area and data set 

The methodology is implemented in Alvalade, a parish located in the city of Lisbon, the 

capital of Portugal (Figure 1). The parish includes part of the Alvalade neighborhood, a 

urban planned zone from 1940s-50s, characterized by a modern morphology, with 

residential areas, avenues, squares and school facilities, designed to promote pedestrian 

movement. The area includes mainly residential five-storey buildings with commercial 

services in the lower floors, green areas and public buildings. According to the 2001 

Census (INE, 2001), 9620 people live in this parish. 

Within the area, a total of 811 buildings were identified in the municipal cartography; 

Their average footprint is 221,6 m2.  



  
Figure 1. Study area for solar potential analysis in Lisbon 

For solar mapping, a spatial database including planimetric and altimetric data was used 

(Figure 2). The planimetric information comprises three sets: the building footprints, the 

census block groups, and the land use map. The building footprints were obtained from 

the Lisbon’s Municipal Cartography from 1998, at 1:1 000 scale, and updated for the 

year of the LiDAR flight. The census block groups in Portugal are supported by 

cartography and are available in vector format for every decade. The block group is the 

finest spatial unit for which the decadal Census reports population and housing data. 

Land use information was provided by the Urban Atlas, which maps land use for 

selected European cities, including Lisbon, using 19 thematic classes and has a 

minimum mapping unit of 0.25 ha (for ‘Artificial surfaces’) (EEA, 2013). 

The altimetric data is derived from two sources: a LiDAR point cloud, and digital 

cartography. From a flight with a LiDAR camera performed in 2006, a surface image 

was produced based on the 2nd return. This raster has a spatial resolution of 1 m, and 

represents the Digital Surface Model (DSM) of the area. A Digital Terrain Model 

(DTM) for the city of Lisbon was produced from a set of elevation mass points and 

contours available in municipal cartography. Then, the normalized Digital Surface 

Model (nDSM) was obtained by subtracting the DTM from the DSM image. This raster 

file stores the height of all elements above the terrain.  

 



 
Figure 2. Spatial layers from the planimetric (A, B) and altimetric (C) dataset 

 

2.2 Evaluating PV generation capacity  

In this work, the goal is to evaluate the rooftop area suitable for installation of solar 

energy systems and select the optimal location for solar photovoltaic systems. 

Therefore, when assessing the electrical supply of PV installed in residential rooftops, 

the following variables must be considered: the available solar radiation, the technical 

characteristics of the solar panels, and the best places for installation (Figure 3). 

Identifying buildings that are suitable for solar panel installation requires modeling the 

solar radiation incident in each location. Two inputs are required: a DSM and the 

buildings’ footprints. In order to include the solar modeling the atmospheric effects, as 

well as site latitude and elevation, steepness (slope or inclination) and compass direction 

(aspect or orientation), daily and  seasonal  shifts  of  the  Sun  angle,  and  effects  of  

shadows  cast  by  surrounding topography, the Solar Radiation analysis tools in ArcGIS 

(ESRI) is used. The model requires as input, among others, the local annual average of 

beam and diffuse irradiation. For better describing the solar conditions in the study area, 

the diffusion and transmissivity parameters were estimated on a monthly basis using the 

PVGIS database (Santos, 2011b).The output is a map with the incoming global solar 

radiation (direct + diffuse) in each location, for each month. Then, all 12 maps are 

summed up and the annual solar radiation at the surface, in Wh/m2, is calculated. 



The specifications of the equipment used to convert the solar resource into photovoltaic 

energy are variables that contribute for the technical potential of these systems. Two 

variables are considered: PV modules’ area and efficiency. The roof area for PV 

installation must be estimated. Due to the minimum requirements for economically 

viable solar system sizing, only areas above 24 m2 per rooftop are investigated. The 

conversion efficiency of the PV systems, including PV module efficiency and system 

losses is estimated at 14% (Šúri et al., 2007). Furthermore, buildings with roofs with 

low solar radiation will not be considered for analysis (less than 0.8 MWh/m2/year). 

Applying these constraints in the layer with the annual solar radiation available at each 

rooftop, the map with the energy produced by PV panel is estimated.  

Using a layer with the residential buildings footprints, and the roof’s solar 

characteristics calculated in the previous step, the solar potential of each roof is 

calculated.  

 

Figure 3. Workflow for solar potential analysis.  

 



2.3 Estimating the residential population by building 

The population distribution at the building level is used to estimate two features. On one 

hand, the electricity demand of the residential sector will be assessed using the local 

average electricity demand per capita. On the other hand, the estimated number of 

residents will be used to characterize the type of building ownership, based on the 

average family size. 

To model the electricity demand at the building level, several methodologies can be 

used. Swan and Ugursal (2009), when reviewing modeling techniques for describing 

residential sector energy demand, distinguished two approaches: top-down and bottom-

up. The top-down approach models the residential sector as an energy sink, and no 

concern is given to the individual end-uses. The bottom-up approach, on the other hand, 

extrapolates energy consumptions of representative individual houses to regional or 

national levels.  

The methodology proposed in this work is a function of data availability: 1) census 

population at the block group level, 2) building footprints in vector format, and 3) land 

use information.  

The population estimation approach is based on dasymetric mapping with areal 

interpolation. Dasymetric mapping is a cartographic technique that allows limiting the 

distribution of a variable to the zones where it is present by using related ancillary 

information in the process of areal interpolation (Eicher and Brewer 2001). 

Here the goal is to disaggregate the total resident population from each census block 

group (source zones) to respective buildings with residential use (target zones), using 

‘residential volume’ as the proxy variable. First, the Urban Atlas is used to characterize 

the use of each building in the Municipal map as ‘Residential’ or ‘Non-residential’. 

Then, the nDSM is used to impose an additional restrictive criterion: only buildings 

with at least one floor above ground (i.e., mean height ≥ 2.6 m) are deemed suitable for 

habitation and to receive resident population. Finally, this set of buildings receive a 

proportional (linear) share of the resident population of the respective block group based 

on the ratio of their volume to the total resident volume in the block group. Estimation 

of residents per building is rounded to integer values. 

3. Results 

3.1 Solar potential at the rooftops  

Following the workflow (Figure 3), the solar income was calculated for all residential 

buildings in the study area (Figure 4).  

Note that artifacts like roof overhangs, chimneys, dormers, antennas, are not taken into 

account by our methodology. To be integrated in this analysis, such identification 

requires more detailed 3D data or additional spectral information. 

 



 
Figure 4. Electricity produced by PV panels at the residential rooftops. 

 

3.2 Residential population by building 

 

The adopted population modeling approach allowed estimating the residential 

population for each building.  

Based on information from the Urban Atlas, 806 buildings were classified as 

‘Residential’, while only 5 had other uses (‘Non-residential’). When the size criterion 

was imposed, only 787 buildings were deemed suitable for habitation and, thus, targets 

for residential population disaggregation. Of these, 760 received at least one resident, 

with the maximum value being 137 residents (in one building) (Figure 5). The mean 

estimated residential population by building was 12.2, for a total of 9628 residents. This 

figure differs from the census total of 9620 residents due to the effects of rounding. 

 

Figure 5. Residential population by building 

3.3 PV potential and electricity demand of residential buildings  

3.3.1 Rooftops solar potential and electricity demand 

Considering the local average electricity demand per capita, which for the Lisbon 

municipality is 1300 kWh/person/year (PORDATA, 2013), and the population 

distribution calculated in the previous section, the electricity demand of residential 

buildings can be estimated. By direct comparison with the PV potential (Figure 4), the 



fraction of the electricity demand that can be satisfied by PV systems can be determined 

- the electricity solar fraction (PV potential/electricity consumption) (Figure 6). In the 

study area, the PV potential corresponds to about ¼ of the total electricity demand. 

 

 
Figure 6. Solar fraction by residential building in the study area. 

 

3.3.2 Rooftops solar potential and type of building 

A more detailed analysis regarding the relationship between the solar fraction and the 

type of buildings highlights the distribution of high PV potential buildings in the area. 

For this purpose, and taking the building height as proxy for the type of building, Figure 

7 plots the solar fraction as a function of the height of the buildings. 

 

 

 
Figure 7.  Scatter plot with exponential fit and plot with groupings 

 

The data is grouped in three different sets of buildings, according to their height. Notice 

that buildings in the first quartile (Group 1, below 10m, typically less than three-storey 

buildings) feature solar fractions above 100%, hence potentially generating more solar 

electricity than they consume, while buildings in groups 2 and 3 are net electricity 



consumers. This was to be expected as, for a given footprint, taller buildings will have 

larger volumes hence are assumed to have more residents and therefore higher 

electricity demand. Table 1 summarizes the descriptive statistics for building height and 

for solar fraction, Table 2 the electricity demand and PV potential of the different 

groups.    

Table 1 – Descriptive statistics of building height and solar fraction 

 Mean Variance Max. Min. 
1st 

Quartile 

2nd 

Quartile 

3rd 

Quartile 

Height of Buildings 

(meters) 
15.837 74.278 59 2 10 15 18 

Solar Fraction 0.661 0.606 3.885 0.027 0.198 0.317 0.698 

 

Table 2 – Energy production and consumption in the different groupings 

 
Production  

(MWh/year) 

Consumption 

(MWh/year) 

Average solar 

fraction 

 

Number of 

Buildings 

Group 1 797 1064 0.749 179 

Group 2 1644 5970 0.275 353 

Group 3 761 5824 0.131 161 

 

These results show that 25% of the buildings (Group 1) have about 25% of the solar 

potential but only 12% of the electricity demand. These buildings, with an average solar 

fraction of about 75%, are the best candidates for net-metering schemes, which are 

known to be more popular among households achieving solar fractions closer to unity 

(Wallenborn, 2013).  

The following model is estimated, reflecting the groupings defined above: 

   
4

0 1,

1

ln solar_frac build_high ,  1,..., ;  1,..., 4i j i j i

j

D v i N j 


        

where 1, j  is the grouping specific effect of the height of the buildings over the solar 

fraction. 

Not surprisingly, the estimated results, described in Table 3, corroborate the idea of 

heterogeneity in our data. In other words, the estimated coefficients do not share the 

same sign across different clusters: positive for Group 1 (single family buildings) and 

negative for Group 2 and 3 (multifamily buildings). Also, in terms of intensity, the 

estimated coefficient for the multifamily building, with possible physical influences is 

the highest, in absolute value, compared to the remaining groupings, which reflects the 

associated inefficiencies. 

 

Table 3 – OLS regression with robust standard errors, groupings 

 

build_height  

 

Group 1 

build_height  

 

Group 2 

build_height  

 

Group 3 

Constant R squared F test 



ln(solar_frac) 
0.046** -0.072*** -0.06*** -0.09 

0.625 0.00 
(0.02) (0.009) (0.005) (0.133) 

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 

Regarding the results described above, three hypotheses that might clarify if these 

estimated effects are somewhat affected by the relative proximity of other type of 

buildings, are tested. We now summarize the hypothesis to test: 

i) 
1,2

0 1,1 1,2:H    

ii) 
1,3

0 1,1 1,3:H    

iii) 
2,3

0 1,2 1,3:H    

and test statistic is: 

 

*

,
~

p n k

SSR SSR n k
F F

SSR p


 
   

where *SSR  is the sum squared residuals for the restricted model (under the null 

hypothesis), SSR  is the sum squared residuals for the unrestricted model, k  is the 

number of regressors and p  the number of restrictions (one, for these cases).  

The test results, presented in Table 4, are straightforward: the estimated coefficients for 

each grouping are all pairwise statistically different.  

Table 4 – F tests 

Null Hypothesis Test Statistic P-Value 

1,2

0 1,1 1,2:H    84.36 0.000 

1,3

0 1,1 1,3:H    42.27 0.000 

2,3

0 1,2 1,3:H    5.28 0.022 

 

Notwithstanding, the result for the test deserves some attention. At 99% confidence 

level, the estimated effect for the multifamily buildings is statistically equal, so it might 

be reasonable to take into consideration that the relative proximity of such buildings is 

not sufficiently relevant to determine bigger differences on the estimated effects. The 

same is not valid for the single family buildings, whose solar fraction is likely to be 

affected by their relative position to higher buildings. 

  



3.3.3 Rooftops solar potential and building ownership 

Another interesting result from the mapping of the rooftop solar potential arises when 

these data are crossed against the type of building ownership. According to INE (2011), 

the average family size is approximately 3 individuals. This number is used to 

distinguish building with one owner, from buildings with several owners. The results 

are summarized in Table 3. It is clear that, for the study area, a very significant part 

(75%) of the total solar potential on residential buildings is located in apartment blocks’ 

condominiums (i.e. buildings with multiple owners). Notice that in Portuguese cities 

this type of building ownership is quite common (INE, 2011) and therefore one can 

expect that these results may be extrapolated for the city as a whole, and other urban 

areas. 

These results lead to relevant implications regarding solar energy incentives policies. In 

fact and since its inception, the feed in tariff scheme in Portugal has been 

overwhelmingly used by homeowners of single-family buildings, although the Law  

already allows for the incentive to be available for buildings with multiple owners (with 

different eligibility criteria including the completion of an energy audit to the common 

areas). The reasons that have been put forward to explain the low popularity of these 

incentives for condominiums are mainly administrative barriers (since condominiums 

cannot request bank loans and therefore individual owners would have to request 

individual loans for a common purpose, which is not particularly welcomed by lending 

institutions) and organizational issues (since all the owners need to agree with the 

investment). The results shown in Table 5 highlight that the large scale dissemination of 

photovoltaic energy in the urban landscape requires the outreach to multiple-ownership 

buildings’ rooftops. This could be achieved by streamlining the procedures for the 

application to feed in tariff incentives by condominiums (including facilitating 

borrowing conditions for this type of investments) or, facilitating the lease of  the 

commonly owned roof space to third parties.  

Table 5. Planning scenarios for PV implementations 

Planning options Buildings Population 
PV generation 

MWh/year 

PV coverage per 

building (%) 

All residential buildings  693 a 9420 3202 23 

Buildings with multiple  owners 514 8790 2405 17 

Buildings with one owner 179 630 797 42 
a  67 Residential buildings were excluded for not meeting the previously specified parameters 

 

4. Conclusions 

The work presented in this paper explores the use of remote sensing data as an 

alternative source of geospatial information for solar mapping to assist urban planning 

and management. The motivation for this case study lies in the fact that incorporating 

solar systems into buildings offers a mean to locally generate electricity, based in a 

clean and renewable decentralized source of energy. In these circumstances, the use of 

LiDAR data can play an important role when analyzing the buildings capability for 

receiving the solar systems.  

The model results have shown that, for the study area, about 25% of the local electricity 

demand in residential buildings can be met by installing PV systems on their rooftops. 



Furthermore, the first quartile of buildings (according to their heights) feature relatively 

high solar fraction potential, making them particularly suitable for net-metering 

schemes, which are known to be popular among citizens with net zero annual 

consumption, hence with the potential of reaching solar fractions of the order of unity. 

This target group has about 25% of the total solar energy potential of the area under 

study, but only 12% of the electricity demand. 

On the other hand, it was also shown that most of the solar potential in the urban 

landscape is located on the rooftops of multiple-owner buildings which leads to the 

conclusion that, for the large scale dissemination of solar power in the cities, it is 

important to broaden solar energy incentive policies, such as feed in tariffs, to these 

types of buildings, by either facilitating condominium investment in PV systems and/or 

promoting third party leases of roof space for grid integrated PV systems. 

These results recommend a simple approach that produces an initial assessment of a 

city’s solar potential that can be used to support management decisions regarding 

investments in solar systems. The spatial resolution of the DSM obtained from the 

LiDAR data used in this study compromised further detailed analysis. If a higher point 

density LiDAR cloud is used, the derived DSM can depict elements in the roof area, and 

optimal locations for panel installation can be identified. Furthermore, the upcoming 

systems that perform simultaneous collection of LiDAR together with high resolution 

digital imagery in the same flight potentiate the development of higher-scale solar 

mapping applications.  
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