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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 

High energy use, consumption and depletion of natural resources, and environmental degradation and pollution are few of the 
numerous impacts of the construction industry. These are traceable to the unsustainable construction practices employed by most 
of the construction industry globally. Hence, the need for effective energy management and sustainability.  With biomimicry, the 
study and emulation of nature’s entirety to offer sustainable solutions to human challenges, an era of novel and eco-friendly source 
of inspiration is heralded. This study sets out to examine the biomimetic energy management and sustainability for the reinvention 
of the construction industry. Literature review was conducted on nature-inspired ways and strategies of energy management and 
sustainability. Findings from the study revealed technology, policy, and education as major areas where biomimicry seeks to 
sustainably address energy challenges. The adoption and application of biomimetic strategies is important, as it offers much 
potential in energy management and sustainability. 
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1. Introduction 

The construction industry plays a cogent part in improving the population’s quality of life and in meeting the 
requirements and needs of the society in question [1]. The use of construction investments as a tool by the government 
to stabilize the economy also shows the industry’s key position in the national development strategy of many countries 
[2]. As affirmed by Shi et al. [3], urbanization is closely linked to the construction industry owing to its associated 
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developments through provision of infrastructures. These include the provision of critical infrastructure such as 
bridges, roads, rail, water and wastewater treatment plants, plants for the production and transmission of energy, and 
facility assets such as office and residential buildings [4]. These products of the construction industry – buildings and 
infrastructure – have a long-term negative impact on the environment and the inhabitants as they continuously emit 
large amounts of pollution [5]. Use of fossil fuel, generic resources and mineral consumption, waste production 
requiring land disposal, and pollution of the living environment are identified as forming part of the environmental 
impacts of construction [5,6]. The replacement of forests and vegetation by impervious concrete surfaces of roads and 
buildings [7] attests to the belief that the industry negatively impacts the environment. Table 1 summarizes the main 
environmental and social impacts of the construction industry according to the United Nations Environment 
Programme (UNEP). 

     Table 1. Environmental and social impacts of the construction industry [8]. 

 Impacts 

1 Energy use and associated emissions of GHGs covered by the UNFCCC/Kyoto Protocol. These include 
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), sulphur 
hexafluoride (SF6) and perfluorocarbons (PFCs). 

2 Other indoor and outdoor emissions. 

3 Noise pollution. 

4 Land use change, including clearing of existing flora. 

5 Raw material extraction and consumption; related resource depletion. 

6 Aesthetic degradation. 

7 Water use and waste water generation. 

8 Increased transport needs (depending on citing). 

9 Various effects of transport of building materials both locally and globally. 

10 Waste generation. 

11 Opportunities for corruption. 

12 Disruption of communities, including through inappropriate design and materials. 

13 Health risks on worksites and for building occupants. 

 
Globally, one of the major and widely reported characteristics of the construction industry is its consumption of 

large amounts of energy. This is energy consumed during the manufacturing of building materials (‘embedded’ or 
‘embodied’ energy), transporting these materials from production plants to building sites (‘grey’ energy), constructing 
the building/structure (‘induced’ energy), operating the building/structure (‘operational’ energy) and demolishing the 
building/structure and recycling of its parts, where this occurs [4]. For instance, buildings in use account for about 50 
percent of total energy used in the United Kingdom (UK) and the construction phase accounts for another 5-10 percent 
[9]. In China, the construction industry consumes around 28 percent of the total energy, a figure expected to rise to 35 
percent [5]. Energy use in buildings for cooling, refrigeration, fire suppression, and in the case of halocarbons, 
insulation materials also are major emitters of other non-CO2 greenhouse gas emissions such as halocarbons, 
chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) [4]. In order to mitigate this, it is imperative to 
reinvent the construction industry, drawing inspiration from the natural world. 

Nature has been found to exhibit functional, efficient, effective, eco-friendly as well as aesthetically pleasing 
attributes through its resulting designs and solutions. Natural organisms manufacture without heat, beat, and treat; 
ecosystems that runs on sunlight and feedback; and creating opportunities rather than waste. These sustainable 
attributes are methodologies and approaches all perfected through nature’s research and development (R&D) of its 3.8 
billion years of evolution [10]. This has led architects, engineers, designers and innovators to start consulting nature’s 
superb forms, processes and policies in their quest for solutions to the numerous challenges of sustainability facing 
the world. Hence, biomimicry, the new field of discipline which studies nature’s models and then emulates their forms, 
processes, systems, and strategies to solve human problems sustainably [11]. This paper presents biomimetic ways of 
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