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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 order to reduce the enormous environmental footprint of the contemporary society, it would be necessary to diminish the 
energy wastes in human activities. To tackle these objectives, it is important to identify the sources of this reduction from the 
point of view of both technical systems and social practices. With this perspective, an analysis of the social patterns of energy 
usage is presented in this work for a number of different regions among the five continents. As a first approach, this study is 
mainly based on the official data found from international organisms. The urbanization rate for every region is considered here as 
the central point of a model at three different scales: (i) the World, (ii) subcontinents or groups of countries, and (iii) single 
countries. With this methodology, it is possible to classify a number of patterns of social energy consumption and its evolution 
with time for the last two decades. A transition point is regarded for a number of regions, while stability or instability is found for 
others regions. 
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1. Introduction 

Complexity is a term widely used to analyze a number of systems in nature and science. Chaisson [1] has 
proposed a very extensive methodology to correlate the mass-normalized free energy flow of natural systems with 
their evolution on time and complexity. This proposal includes astronomical processes, but also in the Earth 
throughout living systems, and including human societies. In the scale of time, ancient systems are simpler and its 
energy rate density growths logarithmically with time. Therefore, energy is proposed as a unifying common feature 
among organized structures, including living or non-living systems. 
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Analyzing social groups, it has been demonstrated that, through the history of some important empires of the 
World, increasing hierarchical complexity is a result of the growth in population size [2]. This hierarchy can be 
modeled with a multi-agent paradigm and the results let show that there is an extra administrative level added when 
population increases by an order of magnitude. Furthermore, an analysis of the labor structure in the last century 
allows finding that, at the global economy level as well as in the USA, increases in per capita energy consumption 
are associated with an increase in the service share of employment and a decrease in the agricultural employment 
[3]. A model proposed for these results let explain also the virtual stability of industrial employment as a 
consequence of the productivity growth of the sector at the same rate that the growth of energy use per capita. 

Going back to the complexity-energy relation, a number of productive transitions can be found during the 
existence of the human being, in relation with the social, cultural, economical and political structure, and their levels 
of complexity. One can distinguish four main productive modes: forager, agricultural, industrial and technological 
societies, which are all found along the history, but also nowadays around the world [1,4]. It appears that this 
complexity is strongly related to the energy consumption through the diversification of activities and the 
development of new technologies. The more complex is the society, the more the investment (and waste) of 
resources is observed. 

Being the cities at the top of complexity in the human organization, the percentage of urban population is 
proposed here as an indicator of complexity for social groups. For the first time in the history, the rural households 
represent at this moment less than the half of the population in the world (Fig. 1a). At the scale of the planet, the 
increase in urban population from 1990 to 2014 presents a strong correlation with the total primary energy supply 
(TPES) (Fig. 1b). In this work it is proposed a model to study the social patterns of energy usage, the TPES are 
considered for selected regions and countries from the five continents during the last two decades, and analyzed in 
relation with the urban population for every region or country. 

 

(a)	   	  

(b)	   	  
 

Fig. 1. (a) The growth of the urban population in the World has trespassed half of the total population in 2007 [5] 
(b) this urban population is linearly correlated with the global Total Primary Energy Supply (TPES) per year [6]. 
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2. Methodology 
 
The official data reported annually for total and urban population by the Food and Agriculture Organization of 

the United Nations [5] and for the total primary energy supply (TPES) by the International Energy Agency [6] were 
used in this work. The annual TPES is defined as the energy balance made up of (indigenous production + imports – 
exports – international marine bunkers – international aviation bunkers ± stock changes). Complementary to the 
values of the total final consumption of energy, the TPES includes the power losses. 

Each country defines and reports its corresponding urban population and this could be a source of error when 
comparing different urbanization rates among a group of countries or regions, however the time series are useful to 
compare the growth of urbanization in a single geographical region. The selection of a number of groups of 
countries considered for a first approach of the analysis was based on the corresponding contribution to the total 
population or the TPES. Indeed, India and Africa were selected for the population contribution; the European Union 
of 28 members (EU-28) and North America (Canada and the USA) were selected for the TPES contribution. China 
is an important region from both the population and TPES contributions. Finally, Latin America and Oceania 
(Australia and New Zealand) were selected to complete the representation of the World in the analysis. Finally, to 
continue the analysis, a selection of 27 countries in the five continents was made based in a number of qualitative 
and quantitative criteria: Australia, Brazil, Canada, Chile, China, Côte d'Ivoire, Cuba, France, Germany, Greece, 
Haiti, India, Italy, Japan, Malaysia, Mexico, Norway, Peru, Republic of Korea, Russian Federation, Senegal, South 
Africa, Spain, United Arab Emirates, United Kingdom, USA and Vietnam. 

 
3. Results and discussion 

 
The increase of urban population in the different World regions, in relation with the corresponding TPES, is 

presented in Fig. 2. It is possible to observe, as seen in Fig. 1 for the population in the World, that the linear 
correlation is maintained for regions as Africa, India and Oceania. For China and Latin America, linear correlations 
are also obtained but an increase in the slope is obtained for the last years. On the contrary, Europe and North 
America have a dramatic transition from the linear correlation with positive slope, to a diminishing in the TPES for 
the last years. The changes of slope are seen in 2002 for China, in 2003 for Latin America, in 2006 for Europe and 
in 2007 for North America. The observed energy transitions can be considered as an externalization of the rich 
economies, since emerging economies are providing an increased proportion of commercial products to Europe and 
North America, based on a powerful commercial system that includes international transportation. Indeed, the 
energy consumption by the transport sector has been continuously increasing in the last twenty years [6]. It is 
important to say that the linear correlation diminishes if the urban population is graphed with relation to the TPES 
per capita (data not shown), which means that a model for the social patterns of energy consumption should consider 
a global infrastructure for a geographical region as a system and not the individual average consumption.  

 

                         
Fig. 2. The TPES as function of the urban population in representative regional zones in the World. 
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