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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 

In the southern Mediterranean countries, levies probably reach the limit level of renewable water resources by mid-century. With 
an annual storage capacity of 14.6 million m3 Algeria is one of the poorest countries in renewable water resources, in the 
Mediterranean coastal watersheds, representing 7 % of the land area and accounts for 90 % of total surface runoff of the country. 
In this paper, we assess water demand to meet the needs of water users in Boumerzoug, the upper sub-catchment of Kébir-
Rhumel basin. The latter is located in the Kébir-Rhumel Mediterranean basin under semi- arid climate with relatively high 
growth rate of population, agricultural and industrial activities. Using Water Evaluation And Planning system (WEAP), we built 
a model for managing water demand of Boumerzoug sub-catchment. A business as usual and five scenarii of «water demand " 
were calculated by WEAP model to simulate the uncertainties over the period of 30 years (2008-2037) :  Population growth(1), 
increase in irrigated crop lands (2), decrease in basic drinking water consumption (3), decrease in basic irrigation water 
consumption (4) and increase in basic industrial water consumption (5). The results showed that the decrease in basic 
consumption of drinking water scenario (3) is the best alternative scenario and the most efficient by reducing drinking water 
demand for about 37 Mm3 in 30 years; 
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1. Introduction 

The Mediterranean population suffering from a good quality water shortage estimated at less than 1000 m3/cap/y 
renewable resources, currently stands at 180 million and could reach 250 million by 2025. In addition, these 
resources are unevenly distributed. Indeed, the countries of the southern shore receive only 10% of total 
precipitation and population in shortage situation (less than 500 m3/cap/y) is about 20 million. On the southern and 
eastern sides of the Mediterranean basin, agriculture remains the largest consumer of water, whose needs estimated 
at 82% of water mobilized mainly from renewable and fossil resources. Simulated projections show that the 
irrigated area could still increase, they will increase to 38% in the South Basin and 58% to the east of it towards the 
year 2030 [1]. 

 
Algeria is one of the Mediterranean countries, where there is currently a high population growth, rapid urban 

growth and multiplication of mainly industrial and agricultural socio-economic activities. This was accompanied by 
an increase in water demand, increased pollution and water shortage, estimated at about 350 m3/cap/y [2] [3].  

 
In	 basin‐scale	 management	 of	 coupled	 human‐water	 systems,	 water	 resources	 managers,	 like	 other	

decision	makers,	are	frequently	confronted	with	the	need	to	make	major	decisions	in	the	face	of	high	system	
complexity	 and	 uncertainty.	 The	 integration	 of	 useful	 and	 relevant	 scientific	 information	 is	 necessary	 and	
critical	 to	 enable	 informed	 decision‐making.	 However,	 how	 to	 establish	 effective	 communication	 between	
science	and	policy	to	generate	useful	information	in	a	specific	decision	context	remains	a	major	challenge	[4].  
 
Although	 involving	 the	 stakeholders	 and	 decision‐makers	 in	 the	 entire	 process	 of	 model	 development,	

implementation,	and	analysis	can	help	enhance	the	transparency	and	credibility	of	the	modeling	results,	there	
might	 still	 exist	 additional	 limitations	of	decision‐makers	not	 selecting	 a	 scenario	due	 to	 political	 or	 other	
concerns/considerations	 [5].	 The gap between theory and practice in water resources planning and management 
was described two decades ago by [6] [7], and still, models are often not adopted by the intended end users [8]. 
Since [9] water resource, systems have been modelled as networks to represent hydrology, infrastructures and 
diverse water demands. Decision support system are interactive mathematical and computational models that 
represent the natural system whose objective is to quantify, evaluate and compare the benefits and worsening of 
different water management policies [10]. For the vast majority of models the source code is unlikely to be 
available. We can only look at the output, at the documentation, run scenarios, analyse trends, but we ultimately 
have to trust the model developers in that the model is programmed properly. More recently, there has been a trend 
toward the adoption of the open source principles in modelling.  Once the model is open source it is not just free for 
reuse, it also means that its code is available offering unrestricted opportunities for modifying and upgrading [11].  

 
WEAP ("Water Evaluation And Planning” system) was selected for the purpose of our study, over other water 

resource models because it is a user-friendly software tool, well documented, with a nice graphic user interfaces 
(GUI). WEAP focus on water resource management and hydrologic mass balance and is distinguished by its 
integrated approach to simulating water systems and by its policy orientation. Operating on these basic principles 
WEAP is applicable to many scales; municipal and agricultural systems, single catchments or complex 
transboundary river systems. WEAP does not only incorporate water allocation but also water quality and ecosystem 
preservation modules. This makes the model suitable for simulating many of the fresh water problems that exist in 
the world nowadays [12]. WEAP was used, for several demand and/or supply studies: the Aral Sea Region [13], the 
upper Chattahoochee River Basin in Georgia in USA [14], the Olifants river basin in South Africa [15], the 
Sacramento Valley in USA [16], the Zabadani basin in Syria [17], Amman Zarqa Basin in Jordan [18], the Ouémé–
Bonou catchment in Benin [19], the Lake Tana catchment in Ethiopia [20], the California’s central valley in USA 
[21], the Okanagan Basin, British Columbia [22], imbalances in Iran, Morocco and Saudi Arabia [23],  The Hérault 
River catchment in France [24], the Lake Victoria region in west Africa [25], the Vit River in Bulgaria [26], Zeuss 
Koutine Aquifer in Tunisia [27], the Ebro basin in Spain [28], the Langat catchment in Malaysia [29], the Han River 
basin in Korea [30], coastal Binhai New Area in China [31] and Constantine province in Kébir-Rhumel catchment in 
Algeria [32].  
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