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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 
Cogeneration and trigeneration systems can contribute to the reduction of primary energy consumption and greenhouse gas 
emissions in residential and tertiary sectors, by reducing fossil fuels demand and grid losses with respect to conventional systems. 
The cogeneration systems are characterized by a very high energy efficiency (80 to 90%) as well as a less polluting aspect 
compared to the conventional energy production. The integration of these systems into the energy network must simultaneously 
take into account their economic and environmental challenges. Moreover, the electricity distribution service can motivate the 
users of these systems by buying their residual electrical and thermal products. In this case, the "smart-grid" is the interface that 
manages the client-network interaction. 
In this paper, we will find the best cogeneration power that had to be integrated in the Lebanese electricity grid using a new 
decision-making technique.  
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1. Introduction: 
Lebanon is a country located on the Mediterranean Sea, having an area of 10452 km2 and a coastline of 220Km. Its 
population is estimated at 4 million. It is known by its tourist sites and its moderate climate. It is characterized by its 
academic and educational level. He was able to have a good reputation in the fields of science and engineering 
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thanks to Lebanese abroad. Despite all this, Lebanon is among the few countries in the world without electricity 
24/24, and suffering from a large energy deficit. The latter causes economic, social and environmental issues. 
The electricity and energy sector in Lebanon is very important. In fact, energy demand is always higher than supply. 
The electricity sector is monopolized by Electricity of Lebanon (EDL, a public institution that controls more than 
90% of this sector), it is still the victim of political and social conflicts. The latter can stop the administrative and 
governmental operation. Development decisions can only be made when the majority of politicians agree. So, it is 
impossible to separate the administrative directorates from political intervention in Lebanon. This means that the 
latter will not be able to have electricity 24 hours a day unless the decision makers are in global agreement. 
The integration of cogeneration systems (CS) and renewable energy systems into the Lebanese electricity grid 
(LEG) can serve and save the electricity and energy sector in Lebanon. These systems can be installed by the users 
of the network by a grant from the Ministry of Energy and Water in Lebanon. The purpose of this subsidy is to use 
clean, non-polluting energy, or energy conservation systems that are less polluting. Knowing that the Lebanese 
government set a goal that by 2020, the percentage of electricity production through renewable energy systems 
should reach 12% to obtain a comprehensive and in-depth idea of the effect of the integration of such systems and 
their constraints,  

In this paper, we will find a solution for the energy deficit in Lebanon by integrating cogeneration systems and 
renewable energy sources to the Lebanese electricity grid. This solution is validated by the decision-making strategy 
used in [1-3] in order to install the needed CS and ER sources. 

2. Electricity in Lebanon: The Present 
Between 1992 and 2002, there was a Power Sector Master Plan. The purpose of this plan was to rehabilitate 

transmission and distribution networks and to expand productive capacity. In fact, this plan was not effective, given 
that production never reached the load demand [4]. Since then, no significant improvements network has been made 
to the. There were several plans and several projects to save the area, but political obstacles hindered their 
implementation. 
2.1. Power plants in Lebanon 
The power plants in Lebanon are divided into two categories: thermal and hydroelectric (or hydraulic). 
The seven thermal power stations of the EDL are: 
 Three steam turbine plants (Zouk, Jiyeh and Al Hreesha). 
 Two CCGT plants (Deir-Ammar and Zahrani). 
 Two OCGT plants (Baalbek and Tire). 
 The total installed capacity of these plants is 2038 MW, but their current capacity does not reach 1700 MW 

knowing that the peak demand is 2500 MW [5,10]. 

3. Reform Strategy 
A strategy that can be implemented is the decentralization of the electricity sector in Lebanon. This decentralization 
will be applied in such a way that municipalities in Lebanon invest in electricity generation projects. This can be 
from renewable energy systems or cogeneration systems because there is no need for big investments in installing 
these systems with their infrastructure. Municipalities will be able to link their generators to the Lebanese electricity 
grid. This will create decentralized production, and municipalities will be able to assist the EDL in controlling losses 
and assaults. And most importantly, this project does not need complex legislation. It will take less time than the 
rehabilitation of thermal power plants. Moreover, from an economic point of view, the government will not have to 
make large investments, and most municipalities will be able to pay for the investments because they will be 
affordable for them. The integration of cogeneration and renewable energy systems will have a very good chance. 
This will reduce pollution, and at the same time diversify the nature of the energies used. This will lead to using 
these energies throughout the year. 
This strategy will be very efficient in Lebanon because it is independent of political conflicts, and it is very logical 
from a production-demand perspective. In fact, there will be a decentralization of billing and invoice collection, so 
that the EDL will save and at the same time it will have an electrical management role and not all the roles it had 
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before. Moreover, people will be obliged to respect the laws since they are normally well monitored by their 
municipalities, and any damage to the EDL will be considered as damage to the municipalities. On the economic 
side, this strategy is more advantageous compared to the current state. 
It can by make money at EDL and municipalities being cheaper to consumers who pay much more to private 
generators. And it will be a step forward for administrative decentralization in Lebanon. 

Renewable energies are being installed in several sectors. A few cogeneration systems of modest power are 
installed in some Lebanese factories. We will then have to apply our study to install CS in the Lebanese electricity 
grid. Thus, it will be necessary to apply the decision-making strategy to find the optimal cogeneration power to be 
installed. 

 
4. Decision-making strategy 
4.1. Multi-objective optimization 
In this section, the study corresponds to gas turbine cogeneration systems. The motivation factor � is considered 
equal to 1 for the public sector and 1.1 for the private sector (10% of gain). The efficiency of the cogeneration 
system is considered to be 85%. This study corresponds to ten years of integration of cogeneration systems with an 
average of 8000 operating hours per year. Then the number of time intervals is j = 10. Thus, the number of 
traditional generators extinct because of this integration is k=3. 
The power considered is: �≤1200 �� with lower and upper limits 500 and 1200 �� respectively. The power � is 
considered as the sum of the electrical and thermal power. 
The "multi-objective" optimization is applied using Matlab R2011b, on an Intel Core I7 with a processor speed of 
3.4 GHz. 
The objective function of the total cost to be minimized is represented by equation (1) [3,6]: 

������ = ∑ ��� ∗ ���	����  − ∑ �∑ �� 	∗ ������� �	���� + ∑ ��� ∗ ����	����  −( ∑ �P ∗ t� � ������	���� )∗[Max( P ∗
t�−������, 0)∗( ���
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The objective function of the pollutant emissions (CO2) to be minimized is represented by the equation (2 [3,6]): 
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The vector corresponding to the energy consumption during these ten years is: 
E= [23000000; 24000000; 24500000; 25000000; 25500000; 26000000; 26500000; 27000000; 27500000; 
28000000] MWh. 
Other factors considered are: 
Tariff = 170 (€/MWh);  
c = [85; 90; 85; 90; 90; 95; 100; 100; 95; 100] (€/MWh);  
alpha = [0.2; 0.3; 0.3; 0.3; 0.3; 0.35; 0.35; 0.35; 0.35; 0.4];  
cm = [1200000; 1300000; 1400000; 1400000; 1400000; 1400000; 1450000; 1500000; 1550000; 1600000] (€);  
a = [1500 1400 1500; 1500 1500 1400; 1500 1500 1400; 1600 1600 1500; 1600 1600 1500; 1600 1600 1500; 1700 
1700 1650; 1700 1700 1650; 1800 1850 1800; 1900 1950 1900] (€/h);  
��= 10 (€/MWh);  
D = [3000 2800 3100 3200 3300 3300 3400 3400 3450 3500; 3000 2800 3100 3200 3300 3300 3400 3400 3450 
3500; 3100 3150 3200 3300 3300 3350 3350 3400 3450 3500] ×10−3 (kg/MWh);  
Dam = [20000 21000 21000 21500 22000 22000 22500 22500 23000 23000; 21000 21500 21000 21500 22000 
22000 22500 22500 23000 23000; 20000 21700 21000 21500 22000 22000 22500 22500 23000 23000] ×10−3 (kg);  
Pol = [750 760 750; 760 750 740; 760 750 740; 780 770 770; 790 780 770; 780 780 790; 770 770 780; 790 790 780; 
790 790 790; 800 790 800] ×10−3 (kg/h); 

4.2. Multilinear regression 
Multilinear regression is used to model the relationship between two or more explanatory variables and a response 
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