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Abstract 
 
The aim of this paper is to present a general bibliographic review about recent scientific papers focused on the design and operation of air conditioning systems in 
green and smart buildings.The suggested review is developed using tools offered by the Scopus academic research directory, with a defined search criteria. 
Furthermore, the VOSviewer science bibliometric analysis software has been used. This paper has several reviews of cooling and heating systems existing or under 
development available for residential buildings (green and smart buildings) and some initiatives and research projects from recent years. The present paper is an 
academic research guide for engineers, architects, and students interested in designing, constructing and efficiently managing the cooling processes of green and 
smart buildings. Economic powers characterized by large megacities of countries such as the United States of America, China, Italy, Malaysia, Germany and Australia; 
Nowadays, increasing energy efficiency and decreasing carbon footprint of current and future buildings, both green and smart is considered more important. The 
most frequent fields of research in scientific contributions related to the cooling of green buildings are: sustainable development, energy efficiency and the 
construction industry; while in smart buildings they are: energy efficiency, smart grids, energy management. 
 
Keywords: Ecological buildings; intelligent building; cooling system; energy efficiency; bibliometric analysis; text mining 
 
Resumen 
 
El objetivo de este artículo es presentar una revisión bibliográfica general sobre artículos científicos recientes, centrados en el diseño y operación de sistemas de aire 
acondicionado en edificios ecológicos e inteligentes. La revisión sugerida se desarrolla utilizando las herramientas ofrecidas por el directorio de investigación 
académica Scopus, con un criterio de búsqueda definida. Además, se ha utilizado el software de análisis bibliométrico de ciencia VOSviewer. Este documento tiene 
varias revisiones de los sistemas de refrigeración y calefacción existentes o en desarrollo, disponibles para edificios residenciales (edificios verdes e inteligentes) y 
algunas iniciativas y proyectos de investigación de los últimos años. El presente documento es una guía de investigación académica para ingenieros, arquitectos y 
estudiantes interesados en diseñar, construir y administrar eficientemente los procesos de enfriamiento de edificios ecológicos e inteligentes. Poderes económicos 
caracterizados por grandes megaciudades de países como los Estados Unidos de América, China, Italia, Malasia, Alemania y Australia; Hoy en día, se considera más 
importante aumentar la eficiencia energética y disminuir la huella de carbono de los edificios actuales y futuros, tanto ecológicos como inteligentes. Los campos de 
investigación más frecuentes en contribuciones científicas relacionadas con la refrigeración de edificios ecológicos son: desarrollo sostenible, eficiencia energética y 
la industria de la construcción; mientras que en edificios inteligentes son: eficiencia energética, redes inteligentes y gestión energética. 
 
Palabras clave: Edificios ecológicos; edificios inteligentes; sistemas de refrigeración; eficiencia energética; análisis bibliométrico; minería de datos 
 

1. Introduction 
 

Facing climate change and its consequences for the environment has been one of the greatest challenges of 
modern life. Actually, the intention of reducing the carbon footprint is associated with most current sustainable 
strategies (Elghamry and Hassan, 2020). The built environment is by far the dominant sector responsible for the 
carbon footprint of contemporary civilization (Hidalgo and Perez, 2017). The foregoing is fundamentally due to the 
fact that the built environment represents the intersection of three large-scale polluting processes: energy, transport 
and buildings (Hidalgo and Perez, 2017); (Hidalgo and Guerra, 2016). While commercial and residential buildings 
release around 40% of total electricity-related Greenhouse Gas (GHG) emissions in developed nations (Zhang et 
al., 2020); (Tian et al., 2019) additional emissions stem from the extensive use of raw materials, industrial processes 
to manufacture construction products, and the subsequent transportation of these products (Bixler et al., 2019). 
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The number of buildings has grown dramatically in recent decades, thus increasing the demand for air 
conditioning; this reality makes engineers and architects focus on the energy and operational optimization of the 
designs and installations of the thermal machines in charge of maintaining thermal comfort conditions within 
buildings (Png et al., 2019). The energy consumption of air conditioning systems in buildings represents 40 to 60% 
of the total energy consumption of non-industrial type buildings in tropical countries (Venkateswara and Datta, 
2020); (Liu et al., 2020). In this scenario, green and smart buildings are shown as viable alternatives to optimize 
energy in the air conditioning process of interior spaces (Pezzutto et al., 2017). 
  A green building is a sustainable construction that uses natural materials, eliminates toxic substances in the 
manufacture of construction materials, minimizes the negative impacts of the human habitat on the environment 
and reduces energy consumption (Sua et al., 2020). A green building adapts to its natural environment and to the 
inhabitants. Green buildings are environmentally friendly and respect the following practical process: design, 
construction, maintenance, rehabilitation, demolition and recycling (Tan et al., 2020). On the other hand, a green 
building is a combination of techniques and materials that, together, contribute to improve the environmental 
performance of the built space. 

Several criteria must be taken into account in the design and construction of a green building. Indeed, 
engineers and architects have to consider the project globally, emphasizing installations with natural light and good 
thermal insulation of the building, the using of materials with a low energy footprint in their treatment and transport. 
Furthermore, using Renewable energy and selecting equipment such as lighting and air conditioning systems with 
high efficiency (Li et al., 2020); (Chen and Luo, 2019); (Zhang et al., 2019). 

On the other hand, an intelligent building is known to be one that has incorporated equipment with high 
energy efficiency and an interactive energy drive with the environment and the users or inhabitants of the building 
(Van Cutsem et al., 2020); (Ahmad, et al., 2020).  The term especially applies to: office buildings, corporate 
buildings, hotels and the like. A built environment is considered to be a smart building if it incorporates information 
systems throughout its structure, offering an advanced technique of control and telecommunications services (Chen 
et al., 2020); (Vázquez-Canteli et al., 2019).  With automated control, monitoring, management and maintenance 
of the different subsystems or services of the building, optimally and integrated, locally and remotely. Designing the 
entire system with enough flexibility so that the implementation of future technologies is simple and economically 
profitable (Safari et al., 2019); (Ostadijafari et al., 2019).   Under this new concept, the comprehensive automation 
of buildings with high technology is defined. The centralization of the building data makes it possible to monitor and 
control the operating states of high energy consumption systems such as thermal machines on loaded computers, to 
determine the conditions of thermal comfort and quality of indoor air. The intelligent building integrates automated 
homes within a network structure (Michalec et al., 2019); (Jimenez-Castillo et al., 2019).  

The aim of this scientific contribution is to give a general bibliographic review of scientific papers focused on 
the design and operation of air conditioning systems in green and smart buildings. The result section of this 
manuscript contains the following sub-sections: Bibliometrics analysis of air-conditioning in green and smart 
buildings. Current global scenario of energy management in the air conditioning and heating of buildings. Air 
conditioning in green and smart buildings, current and latest trends in research. 
 

2. Materials and methods 
 

This scientific contribution based on a critical bibliographic review of scientific publications focused on the 
design and operation of air conditioning systems in green and smart buildings. To develop the proposed idea, 
search and analysis tools for scientific documentation offered by the Scopus directory have been used. The selected 
database comprises top scientific journals that have large readability visibility and socialize research results, 
scientific advances and technological parts addressed in this paper (Falagas et a., 2008). Similarly, the tool analysis 
and bibliometric mapping of scientific activity VOSviewer is used. This software is used to perform text mining on 
the selected scientific contributions. This process allows to  create maps based on network data; as well as visualize 
and explore evolutionary maps of scientific activity in this investigation area (Van Eck and Waltman, 2010). 

The data has been extracted from the Scopus academic directory was exported as (.csv) files, to be 
processed in the mentioned bibliometric analysis tool. The exploration analyzes works from 2000 to November 6, 
2018. 

The information search methods and criteria in Scopus were developed in four different stages, which are 
described below: 

 
a) Within the timeline (2000 to November 6, 2018) and under the search criteria "Green building" 

only in the title of article-type scientific contributions, 2,665 documents and 198,186 registered 
patents were detected. 
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b) Previously declared timeline and under the search criteria "Smart building" only in the title of article-
type scientific contributions, 1,738 documents and 174,689 registered patents were obtained. 

c) The defined period of time and under the search criteria "Green building" in the title, the keywords 
and the abstract, in scientific contributions such as article, review and conference paper, 2 779 
documents were achieved. 

d) In said period of time and under the search criteria “Smart building” in the title, the keywords and 
the abstract, in scientific contributions such as article, review and conference paper, 2,288 
documents were detected. 

 
(Figure 1) and (Figure 2) were prepared with the information from stages a) and b). And with the information 

from stages c) and d), the data that was processed in the VOSviewer software was detected, allowing the creation 
of terms in (Figure 3) and (Figure 4); from the text mining carried out on the title, abstract and key words of the 
detected contributions. 

On the other hand, the scientifics articles most frequently cited within the Scopus academic directory, 
detected between all stages of searches a to d ; are presented in (Table 1).  
 

3. Results 
 
3.1 Bibliometrics analysis of air-conditioning in green and smart buildings. 

The international scientific community before 2000 had very few scientific contributions related to air-
conditioning in green and smart buildings, but as of this year, the number of scientific contributions begins to 
increase gradually, with 2010 being the year from which shows an accelerated increase in research related to this 
field. This is largely because after the real estate crisis in 2008, engineers and architects focused on optimizing the 
design, construction and operation of built environments as much as possible. (Figure 1) shows the evolution of 
scientific research activities in this subject area between 2000 and 2018. In addition, it shows the evolution of 
registered patents related to this practice, which show a significant increase. It should be understood that the patent 
is one of the expressions of applicability of the scientific results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Scientific evolution and development of patents related to the topic of air-conditioning in 
green and smart buildings. 
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 Current global economic powers observed in research subject area, air-conditioning in green and smart 
buildings, as an objective and effective way to deal with current energy shortages and tough environmental 
regulations in the real estate sector. These reasons explain the characteristics of (Figure 2), where it can be shown 
how scientific research on this topic has evolved in various nations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The term map shown in (Figure 3) represents the result of the text mining analysis carried out with the 
VOSviewer software on the information extracted from the Scopus directory, under the conditions explained above 
in stage c) of the section two. It can be remarked that the term "green buildings" is the term with the highest 
intensity of occurrence, since this is a criterion to identify this type of buildings. The following terms with the highest 
incidence are "sustainable development", "construction industry", "energy efficiency" and "energy utilization" 
respectively. Considering the incidence of these terms (the diameter circumference), as well as the colors that 
identify the related research trends. The relationships between the terms shown in (Figure 3) show that the 
investigations in air-conditioning in green buildings are mainly aimed at environmental sustainability, and the energy 
efficiency of the thermal machines in charge of maintaining the conditions of thermal comfort and air quality. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Map of terms made on title, keywords and abstract of the scientific contributions in the topic air 
conditioning in green buildings. 

 

 

Figure 2. Scientific contributions in quantitative evolution in air-conditioning in green and smart 
buildings, by country. 
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The term map shown in (Figure 4) represents the result of the text mining analysis performed with the 

VOSviewer software on the information extracted from the Scopus directory, under the conditions explained above 
in step d) of the section two.  It can be observed that the term "intelligent buildings" is the term with the highest 
intensity of occurrence. The terms characterized by the highest incidence are "energy efficiency", "construction 
industry" and "smart grid" respectively. Considering the incidence of these terms (circumference diameter), as well 
as the colors that identify the related research trends. The relationships between the terms shown in (Figure 4) show 
that the investigations in air-conditioning in smart buildings are mainly aimed at energy efficiency and smart grids of 
the electrical and thermal systems of the refrigeration machines, responsible for maintaining conditions of thermal 
comfort and indoor air quality. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Current global scenario of energy management in the air conditioning and heating of buildings. 
 By the end of the year 2016, cooling and heating accounted for 51% of final energy use, transportation 32%, 
and final demand for electricity. Excluding heating, cooling, or transportation purposes is around 17%, as shown in 
(Figure 5). Modern renewable heat provided about 10% of cooling and heating demand and did not grow 
significantly. While demand of renewable electricity increased by 25% between 2013 and 2017, modern demand 
of renewable heat increased by around 5% during this period (nearly the same rate as a global demand of energy). 
In transport sector, the consumption of biofuels, mainly ethanol and biodiesel increased by around 18% between 
2013 and 2017, although from a small base (Raturi, 2016). 
 
 
 
 
 
 
 
 

 

Figure 4. Map of terms made on title, keywords and abstract of the scientific contributions in the topic air 
conditioning in intelligent or smart buildings. 
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 Global thermal energy demand, including end uses for heating and cooling, represents approximately half of 
final energy consumption. The demand for heat constitutes the vast majority, although the demand for energy for 
cooling is growing rapidly. Energy consumption for heating and cooling continues to be highly dependent on fossil 
fuels and contributes almost 40% of global energy-related to CO2 emissions. 

Renewable energy supplies around a quarter of global heating and cooling demand. However, only around 
40% of this is attributed to the modern renewable energy, while the rest is supplied by traditional biomass. Modern 
sources of renewable energy include direct renewable energy, such as modern bioenergy, geothermal heat, and 
solar heat, as well as renewable electricity which is used for heating and cooling, for example, through heat pumps 
with a source of air. In contrast, the traditional use of biomass, predominantly in open fires or highly inefficient 
interior stoves, generates major health problems and is often related to unsustainable levels of firewood collection 
(Raturi, 2016). 
 
3.3 Air conditioning in green and smart buildings, current and latest trends in research. 

The scientific works that are analyzed below are the most representative contributions within the 
international scientific community on this subject. Because, these investigations are the most read and cited 
according to the Scopus directory. So, these works have marked investigative trends based on the scientific realities 
of each investigation. 

In the scientific research developed by (Jim, 2014), field experiment on the roofs of two residential buildings 
in subtropical Hong Kong was designed to measure air-conditioning electricity consumption in relation to three 
factors:  

 
a) building thermal insulation (BTI): omitted at Block 1 and installed at Block 2; 
b) green-roof type: each block had two extensive green-roof plots and a bare control namely complex 

herbaceous peanut vegetation and simple sedum; and 
c) three summer weather scenarios are considered: sunny, cloudy, and rainy.  

 
Electricity consumption for air conditioner was monitored by precision loggers of energy for six vacant 

apartments under experimental plots. The unshielded Control forces high cooling load at Block 1, but BTI at Block 2 
cuts heat ingress and this in all weather conditions. Sedum reduces energy consumption of and to a lesser degree it 
controls both blocks (with Block 2 better than Block 1). Sunny weather produces the best effect, followed by 
cloudy and rainy weather. Sedum-type roof with BTI enhances benefit of thermal. The simple green-type roof can 
not substitute BTI function because without BTI, Sedum-type roof consumes more energy. In three weather 

Figure 5. Distribution of Consumed Renewable energy, by sector in 2016. 
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scenarios, Peanut uses less electricity at Block 1 than Block 2, which indicates the operation of the building's heat 
sink joint effect (BHE) in block 2 and the green-type roof heat sink effect (GHE). The GHE generated by the thicker 
substrate with higher ability to retain moisture. Creation of BHE has been realized by material addition of BTI, with a 
low thermal resistance due to high temperature and moisture penetration. Their joint effect has increased thermal 
mass capacity. Steeply thermal gradient has formed to induce breaching to thermal-insulation for push heat into 
indoor. In Block 1, Peanut-type roof can partly compensate for BTI omission. However, in Block 2, Peanut coupled 
with BTI can synergistically increase cooling-load. The findings can inform design of green-type roof and associated 
BTI in regions with hot summer and policies. 

The contribution given in  (Yang and Hwang, 2007) express that because of the superior performance of the 
multi-unit variable frequency-driven (VFD) direct expansion (DX) air-conditioning system, installing this type of 
system in dwelling houses,  schools and rental commercial buildings is becoming more popular in Taiwan. Even if 
the characteristics of the multi-unit VFD DX system and the features are different from the system of central, it is still 
evaluated by the traditional method used to assess the efficiency of all air conditioning systems, which are mainly 
designed for centralized systems. The problems that occur when applying the current evaluation method to a VFD 
DX multi-unit system are explained in this article. 

The authors' contribution given in (Chen at al., 2016) explains that as a key part of smart building ventilation 
systems, air conditioners highly impact the overall energy consumption of smart buildings also the experience of 
their occupants. Therefore, how to design and evaluate feasible planning strategies for air conditioning systems 
becomes a major challenge in the design of smart buildings. Especially if it comes to many uncertainties factors 
caused by the physical environment are concerned, the strategy evaluation complexity increases drastically. 
Although existing approaches allow the evaluation of smart buildings from the perspectives of energy consumption 
and performance, few of them consider the evaluation of the scheduling strategies themselves. On the basis of 
priced timed automata, this paper proposes an effective framework that enables accurate evaluating and modeling 
scheduling strategies for smart building air conditioning systems with an uncertain environment. This framework 
uses the statistical model checker UPPAAL-SMC as the engine to quantitatively analyze user-specified performance 
queries in the form of properties. The framework can automatically report the results of a quantitative analysis of 
energy consumption and user satisfaction in an uncertain environment; this is according to the underlying random 
simulations monitored by UPPAAL-SMC. Experimental results proved that the proposed approach can effectively 
help smart building designers to make their decisions in the selection and optimization of scheduling strategies. 

The authors' scientific work developed in (Wang and Tang, 2017)  argue that responding to the energy 
demand (DR) of buildings is considered one of the most promising solutions to the problems of energy imbalance 
and reliability in smart grids, while controlling responding to demand for air conditioning systems is the most 
effective means. A rapid demand response control strategy, direct control of the load by shutting down part of the 
operational coolers, has received much attention in recent DR research and applications. 

However, this method would lead to an uneven rise in indoor air temperature between individual air-
conditioned spaces due to failure of adequate distribution of the cooling supply limited by the commonly used 
demand-based feedback control strategy today. Therefore, a new supply-based feedback control strategy is 
proposed to effectively solve the problems caused by rapid response to demand and the power limitation control 
strategy. The proposed strategy uses global and local cooling distributors based on the adaptive service function to 
air flow set points for each zone and line space, and reset the chilled water. Simplified online and offline 
identification methods, respectively for the two parameters, ensure the robustness and convenience for the adaptive 
utility function in applications. Case studies are performed in a simulated air conditioning system to validate and test 
the proposed strategy of control. The results show that the proposed control strategy is not only able maintaining 
uniform increases in indoor air temperature, but also preventing operational problems during DR events. Also, the 
fairly high indoor relative humidity obviously decreases. The power rebound phenomenon is also alleviated and the 
original comfort control of the spaces can be resumed very quickly. 

(Table 1) shows a group of scientific articles of great interest for the development of future research, in the 
opinion of the authors of this contribution. These articles were selected for having the following characteristics: 

 
a) Seminal papers, have started the theories or methods that have the greatest influence on the topic 

under investigation (Alonso et al., 2017). 
b) Some articles the research directions proposed for the topic in question (Alonso et al., 2017). 
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Table 1. Most scientific contributions cited in Scopus about air conditioning of green and smart buildings.  

 Title Abstract 

1 

Comparative study 
of air conditioning 
systems with vapor 
compression chillers 
using the concept of 

green buildings. 

Pereira et al presents a comparative study of two cooling systems that use vapor compression chillers to air 
conditioning environments. It is suggested to compare different processes in combined action and isolated 
processes. These processes are evaluated in the green buildings concepts. The model equations were solved by the 
Engineering Equation Solver program (EES). The main HVAC functioning parameters of the chilled water system is 
evaluated by the model, when functioning under three configurations. The results show that the system with screw 
coolers in the 0-300 RT range has a COP equal to that of the system with differentiated compression, and in a COP 
hat is on mean 9% higher in the 400-800 range RTs (Pereira et al., 2015). 

2 

Design and 
performance of a 
solar-powered air-

conditioning system 
in a green building. 

Designed and installed for the green building of Shanghai Research Institute of Building Sciences, the solar 
absorption air-conditioning systems. This system contains two adsorption chillers with 8.5 kW nominal refrigeration 
capacity and 150 m2 solar collectors. The operating mode of the solar air conditioning system has been improved 
by maintaining a phase difference of 540 seconds between the adsorption chillers. Subsequently, the system 
realized stable operation by refrigeration output and the balance of heat consumption. The solar powered air-
conditioning system continuously operated 8 hours/day, from June to August 2005. During the 8 hours of 
operation, the maximum refrigeration output exceeded 20 kW and the average refrigeration output was 15.3 kW. 
Solar fraction in summer for this system was 71.7%, corresponded 15 kW of the design cooling load. Compared to 
the ambient temperature, it was concluded that the performance of the solar powered air conditioning system 
clearly influenced by the intensity of solar radiation (Zahi, 2008). 

3 

Flexible operation of 
active distribution 

network using 
integrated smart 
buildings with 

heating, ventilation 
and air-conditioning 

systems. 

Jiang suggested for integrated smart buildings with the active distribution network an optimal scheduling method 
and a combined modeling; this proposed is to use the flexibility of smart buildings. Based on the characteristics of 
heat storage in building, Jiang developed a prediction model of energy consumption of buildings taking into 
account the different heating areas with different orientations using the model of Resistor-Capacitor thermal 
network. He also developed different optimal methods of control for the building's heating, ventilation and air 
conditioning system. The management of energy consumption in the ventilation, heating and air-conditioning 
system is attained by adjusting the ambient temperature of within the appropriate temperature comfort range. The 
optimal planning results of the aggregation for the smart buildings in different control method in the winter heating 
are equally analyzed. So, the impact of the optimal planning of the aggregation for the smart buildings on the 
security and economic operation is further evaluated. Through numerical studies, the proposed optimal planning 
method can contribute to reducing the operating costs of smart buildings and also take full advantage of the 
potentials of demand response of smart buildings. Finally, the optimization of active distribution networks with the 
factor of load of the buildings aggregation can increase the minimum voltage size of the active distribution 
networks and also reduce loss of power using the smart buildings flexibility (Jiang, 2018). 

4 

A direct load control 
strategy of 

centralized air-
conditioning 

systems for building 
fast demand 

response to urgent 
requests of smart 

grids. 

To solve the HVAC problems, Tang presented a new approach based on three schemes. To a received DR request, 
the threshold of power limiting and the cooling demand of building in response predicts by a scheme of power 
demand optimization. The operating chillers number/pumps to be to conserve determines by a scheme of system 
sequence control resetting. An online scheme of control and regulation ensures the system power follows the 
profile of expected by regulating the total flow of chilled water delivered into the building and thus the load of 
chiller. The distributors of cooling also uses for distribute chilled water to individual areas for different 
sacrifices/sensitivities to increases of temperature. Studies are carried out on a system of simulated dynamic 
building air conditioning. The strategy proposed by (Tang, 2018)  could achieve the expected reduction of power 
(about 23%) as well as maintain the acceptable area temperature despite uncertainties about the process of 
prediction. 

5 
Efficient heating and 
cooling systems for 
low-energy houses 

Buildings represent for large amount of water and energy consumption, use of land, and pollution of atmospheric. 
Statistics of 2006 show that the United States for example, they used 40% of the total consumption of national 
energy (56% by dwellings residential), presented 12.2% of the total water quantity, and produced 38% of the 
total emissions of carbon dioxide. To achieve the objectives of energy saving and climate protection in the 
residential and commercial / institutional sectors, it is necessary to reduce the energy consumption of buildings. 
(Minea, 2012), reviewed a number of  cooling and heating systems-existing or under development-available for  
buildings and Briefly identified some research initiatives and projects, as well as some recent technical 
achievements in developed countries in general and in Canada in particular. 

6 

Smart ventilation 
energy and indoor 

air quality 
performance in 

residential buildings: 
A review 

For better indoor air quality and to solve energy problems, ventilation must become smarter. The use of ventilation 
controls is one of the key concepts of smart ventilation it provides either quality of indoor air (IAQ) or an energy 
advantage (or both) and less when it provides a disadvantage. As a result of incorporating some smart ventilation 
strategies into standards and codes in many countries, demand-controlled ventilation (DCV) systems are easy and 
widely available in the market. Over 20 systems of DCV approved and available in many countries such as: 
France, Belgium and the Netherlands. (Guyot et al., 2018) published a review of the literature on smart ventilation 
used in residential building, based on indoor air quality and energy performance. A meta-analysis performed by 
(Guyot et al., 2018) includes 38 studies of smart ventilation systems with control based on several criteria 
including humidity, carbon dioxide, co-carbon dioxide, total volatile organic compounds (TVOC) and temperature 
of outdoor. This meta-analysis implied that energy of ventilation savings of 60% can be achieved without 
compromising the IAQ, and sometimes improving it. However, some results include less than favorable, with 26% 
of excessive energy consumption in some cases (Guyot et al., 2018). 
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4. Discussion 
 

Review papers are a tool that allows to the scientific community at all levels to observe the past, present and 
future of research and practices in a given subject area. As long as this review is carried out in an objective, deep 
and critical way (Bravo and León, 2018). 

This review-type scientific contribution shows a less common part of scientific research in this area of 
knowledge. Most of the research in the technologies and practices of the conception, development and operation of 
green and smart buildings focus on the case of green buildings, on the ecological management of construction 
resources, use of solar availability and maximum synchrony of the building with the environment. While smart 
buildings focus more on optimizing energy resources through automation and control. These clear differences 
between green and smart buildings define them. But there are several points of coincidence, and one of them is the 
great energetic responsibility that thermal machines present that provides and maintain the conditions of air quality 
and thermal comfort inside buildings. This last bridge is where the strength and originality of the research presented 
lies. 

The operation of air conditioning systems represents the majority of the operating expenses of non-industrial 
type building, office buildings, residential buildings; green or smart buildings. The bibliometric analysis shows a 
great interest on the part of the scientific community for reducing energy consumption, at the same time that 
renewable energy sources are used; because these two processes participate together to optimize operating costs, 
energy costs and ecological footprint. To realize these points the optimization study of energy consumption in 
thermal machines that provide thermal comfort conditions inside buildings must be proposed.  

Energy optimization process of chiller or air conditioning machines is studied from different analysis 
perspectives: 

 
a) Using strategies for passive or active accumulation of thermal energy in the building (Chen et al., 

2014). 
b) Through drive strategies based on the management of the building's occupants and their habits; 

using for this the science of data (Shaikh et al., 2014). 
c) From strategies of combining different capacities of thermal machines to better adjust to the 

characteristics of the thermal load of the building (Bravo et al., 2018). 
d) Combining passive air conditioning and ventilation systems such as green roofs and natural 

convection thermal processes, with the operation of chiller machines (Bravo-Hidalgo, 2018). 
e) Through computer systems with the ability to influence the operation of the chiller according to a 

predictive analysis of the meteorological variables and the building's occupancy levels (Chou and 
Bui, 2014). 

f) By combining non-renewable energy powered chillers, renewable chillers and different levels and 
methods of thermal energy storage (Balta et al., 2010).  

g) Integrating the concept of Power System Flexibility in the management of the building's cooling 
process (Vuarnoz et al., 2019). 

 
The present paper is considered as an academic research guide for engineers, architects, and students 

interested in designing, constructing and efficiently managing the cooling processes of smart and green buildings. 
 
4.1 Study limitations : 
 

a) Research is limited to scientific contributions in the Scopus directory. 
b) Only English language publications are considered. 
c) Only article, review and conference paper documents are considered. 
d) The study is limited to the information generated from the year 2000. 
e) The text mining analysis was performed on title, keywords and abstract of the articles detected by 

each search criteria. 
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5. Conclusions 
 

The objective of this scientific contribution is to give (or show) a general bibliographic review of recent 
scientific publications, focused on the design and operation of air conditioning systems in green and smart 
buildings. The main points considered in this study are given as follow: 

 
a) Research in this domain has been increased considerably over the past decade. 
b) Economic powers characterized by large megacities such as the United States of America, China, 

Italy, Malaysia, Germany and Australia; Research in this subject area is considered a viable way to 
increase energy efficiency and decrease the carbon footprint of current and future buildings, both 
green and smart. 

c) The most frequent fields of research in scientific contributions related to the cooling of green 
buildings are: sustainable development, energy efficiency and the construction industry. 

d) The most common fields of research in scientific contributions related to the cooling of smart 
buildings are: energy efficiency, smart grids, energy management. 

e) Optimizing energy consumption of air-conditioning systems is currently being studied from different 
analysis perspectives: accumulation of thermal energy, management of building occupancy, 
predictive analysis of thermal load, combination of renewable and non-renewable sources. 
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