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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Soiling and the resulting specular reflectivity are two of the most important factors influencing the efficiency of the concentrating 
solar power (CSP) plants. For this reason, and in order to schedule efficient cleaning cycles, it’s crucial for the operation and 
maintenance (O&M) teams to possess accurate and readily available reflectivity measurements of the solar field, especially in 
periods with high aerosol concentrations.  
The aim of this study is to, initially, evaluate the effect of dust on the reflectivity of regular CSP mirrors by means of two 
reflectometers used in operating power plants. Those mirrors were exposed at the University of Oujda (Eastern Morocco) for 
twelve weeks during the arid period of the year. After that, a comparison between the values measured by those devices has been 
done. 
Results show that during the dry period, soiling presents an important issue for CSP power plants in Eastern Morocco, where the 
weekly reflectance drop can reach 30%. Furthermore, the accuracy of the reflectivity measurements and the selection of the most 
adequate reflectometer have an important influence on the estimation of the solar field’s optical efficiency, thus, on the electricity 
production.  
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1. Introduction 

Usually, to select the most suitable sites to host solar power plants, engineers and policy makers focus on the 
areas blessed by high amount of solar irradiation. Nevertheless, those sites are mostly located in desert regions, 
which is directly related to the presence of dust and the lack of water.  

 
Morocco has a great potential of solar irradiation [1,2]. For this reason, the country launched an ambitious project 

to produce 2000MWe of electricity from the sun, and five sites were selected to construct five solar plants. All the 
selected sites in this project are located on desert areas. Indeed, “Noor Complex” is the first power plant in the 
Moroccan solar plan. This plant is located at Ouarzazate and the first part (with a capacity of 160MWe) is already 
operational. Once the full capacity (500MWe) of Noor complex installation is achieved, the second phase of the 
project will be the construction of a 400MWe power plant in Eastern Morocco [3]. This region processes a 
considerable capacity to host large scale CSP and PV power plants [4,5]. Furthermore, electricity production from 
solar energy in this region is considered to be high for both solar technologies [6-8]. 

 
 However, this part of the country is characterized by a harsh arid atmosphere, which can highly affect the solar 

field and challenge the O&M teams regarding the mirrors cleaning, especially, during the dry period of the year. 
Actually, based on our observations and the results of [9], Eastern Morocco experiences large Saharan dust activity 
during the dry period of the year “from April to September", most obvious in the form of sand storms. This period is 
characterized also by small rainfall values (figure1) that can highly affect the cleanliness of the mirrors if coincides 
with a loaded atmosphere. This phenomenon is known as red rain event. 
 

 
Fig.1. Twenty years of the rainfall records (1995-2015) in Oujda city. 

 

In this study, regular 4mm back silvered glass mirrors were exposed for twelve weeks (from June 15th to 
September the 7th 2015) at the rooftop of the University of Oujda. The samples were exposed in a weekly basis to get 
naturally soiled. After that, they were taken off for measurement (using two different reflectometers) and new clean 
mirrors replace the old ones. 

 
Results show that during the dry period of the year, soiling can cause serious trouble for the CSP power plants in 

this region, since the drop in the specular reflectivity can reach 30% after only one week of exposition. We believe 
that those results can be very helpful for the O&M crews in order to be prepared for this period of the year and to 
schedule efficient cleaning cycles to enhance the optical performance of the solar field. 
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2. Material & Method 

2.1. Experimental setup 

To evaluate the effect of dust on the reflectivity of solar mirrors, an exposition rack has been built and installed at 
the rooftop of the University of Oujda (North-east of Morocco). This rack -figure 2- is inclined by 45° and it’s facing 
south. The mirrors used in this study are small samples of 15x15cm cut from ordinary parabolic troughs collectors 
used in the real power plants. 

 
During the whole experiment period, a new clean mirror is exposed on weekly basis to get naturally soiled. 

Afterward, the soiled mirrors were taken off (to be measured) and replaced by new ones. Each soiled mirror is 
measured using two different reflectometers in six spots at least. The measurements average represents the weekly 
reflectivity of the soiled mirror. The characteristics and the difference between the two devices will be discussed in 
the next section. 

 

 
Fig.2. The exposition rack and the mirrors samples. 

 

2.2. The reflectivity measurements  

In Concentration Solar Power (CSP) plants, the mirrors’ specular reflectivity is the key element in the conversion 
cycle from solar irradiation to heat, thus, electricity. This parameter must be measured with high accuracy to 
maintain high efficiency for the solar field operation. Besides, the reflectivity measurements should be taken with 
the easiest possible way and with the highest possible precision. Several devices are available in the market, but no 
one follows perfectly the requirements of the SolarPACES Task III, for a perfect portable reflectometer for CSP 
applications.  

 
In fact, a Perfect reflectometer needs to be automatic and have a large measurement spot. Besides, it needs to 

measure the reflectance in a spectral range from 280nm to 2500nm with 5nm increments and it should have a 
controllable acceptance angle [10]. This is not the case for all the existing reflectometers in the market. Therefore, 
the use of a non-accurate device may lead to bad reflectivity measurement, thus, under or over-estimating the real 
soiling state of the solar field.   
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