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ABSTRACT:  Considering the increasing rate of energy consumption and its environmental detrimental 
effects, as well as considering the use of non-renewable energy sources such as fossil fuels, energy 
management issues have become more important. Given the 40% share of the building industry’s total 
energy consumption, as well as the 80% share of energy consumed during the operation period, attention 
to the areas of energy management and optimization during the operation period of the buildings can 
have a major impact on buildings’ energy performance. In this research, through identifying building 
energy management tools and studying previous studies, and assessing the effects of building energy 
management systems, the economic and environmental impacts of using building energy management 
systems on the annual energy consumption in an office building in Tehran as a case study has been 
investigated. The results indicate a 32 percent reduction in energy consumption and a significant 
reduction in the release of the environmental pollutants in smart mode compared to the base mode. 
Moreover, considering the social costs associated with the emitted pollutants as well as the return period, 
it has been attempted to identify the factors contributing to the economic justification of using smart 
heating and cooling systems. According to the results, the use of smart energy management systems 
can be considered an effective step in optimizing and managing energy consumption in the construction 
sector.

Review History:

Received: 5/18/2019
Revised: 1/10/2020
Accepted: 7/2/2020
Available Online: 7/13/2020

Keywords:

Building management system 

Smart building 

Energy consumption management 

Demand response management 

Energy consumption optimization

141

*Corresponding author’s email: heravi@ut.ac.ir

                                  Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article                                                  
                                 is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information, 
please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.

1- INTRODUCTION
Increasing energy consumption, globally, in addition 

to making economic challenges, has led to detrimental 
environmental impacts, especially in developing countries 
[1].  In most of developing countries such as Iran, due to the 
high share of non-renewable energy sources such as fossil 
fuels, addressing the issue of energy management is so critical 
based on its destructive environmental impacts [2]. Moreover, 
in Iran, the building sector is one of the primary sources 
of energy consumption. As a result, it is crucial to address 
energy management strategies, such as the development of 
smart heating and cooling systems in the building sector [3].

In recent years, due to the growing use of smart energy 
management systems in the building sector, some studies 
are conducted to assess the impact of using smart energy 
management systems. King and Morgan (2007) showed that 
the productivity of the building energy consumption, as well 
as the energy consumption costs, are significantly affected by 
smart building energy management systems such as smart 
heating and cooling systems [4]. Rocha et al. (2014) examined 
the effects of energy pricing policies on the development of 
smart energy management systems in the building sector [5]. 
Furthermore, Aslam et al. (2017) investigated the capabilities 

of reducing energy consumption in smart buildings using 
genetic algorithms and different energy pricing scenarios [6]. 

In the present study, it is tried to evaluate the environmental 
and economic effects of smart heating and cooling systems 
in a non-residential building as a case study. In addition 
to evaluating the environmental and economic impacts, 
by calculating the social costs of pollutant emissions and 
evaluating the payback period, it is attempted to identify and 
evaluate the factors affecting the economic feasibility of using 
smart heating and cooling systems in the building sector.

2- METHODOLOGY
The methodology of this research is comprising of the 

following stages:
1.	 Library studies and identifying smart heating and 

cooling systems components: at this stage, it is tried to review 
the recently conducted studies in the field of using smart 
energy management systems in the building sector. Moreover, 
based on the current infrastructural and economic conditions 
of Iran, it is tried to identify the available components for 
smart heating and cooling systems.

2.	 Case study: to identify the economic and 
environmental impacts of using smart heating and cooling 
systems, a two-story building with an area of 6700 m2 is 



Gh. Heravi et al. , Amirkabir J. Civil Eng., 53(2) (2021) 141-144, DOI: ﻿ 10.22060/ceej.2020.16361.6200

142

studied in Tehran, the capital and largest city of Iran. 
3.	 Evaluating the economic and environmental impacts: 

At this stage, considering the average reduction in the annual 
energy consumption, the economic and environmental 
impacts of using smart heating and cooling equipment are 
evaluated. The use of smart devices will have direct and 
indirect economic effects that are addressed in the current 
study. 

4.	 Interpreting the results: at this stage, it is tried to 
evaluate the challenges and obstacles toward the use of 
smart heating and cooling systems and identify the possible 
solutions for their development. 

3- RESULTS AND DISCUSSION
After developing the smart heating and cooling systems 

on a non-residential building, the annual energy and water 
consumption in both base and smart modes are shown in 
Table 1. 

Based on the results of implementing smart heating and 
cooling systems (Table 1), in the first step, the economic 
effects are evaluated (Table 2).

In addition to identifying the economic impacts of 
developing smart heating and cooling system (Table 2), it is 
tried to evaluate the environmental impacts. In this regard, it 
is tried to identify the emission units for both natural gas and 
electricity consumption (Table 3).

Based on Tables 2 and 3, the environmental impacts of 
using smart heating and cooling systems are shown in Table 4.

As shown in Table 4, using smart heating and cooling the 
pollutant emission reduced significantly.

In addition to evaluating the environmental impact of 

using smart heating and cooling systems, it is tried to identify 
the impact of using smart heating and cooling systems on the 
social costs of pollutant emissions (Table 5).

As depicted in Table 5, considering the social costs of 
pollutant emissions, the annual cost savings of using smart 
heating and cooling systems increased by about 30%.

After identifying the direct and indirect economic 
effects of using smart heating and cooling systems, through 
calculating Net Present Value (NPV), the payback period is 
calculated (Eq. 1).

(1 )
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i

=
+

                   �                                      (1)

Where, CFi is the annual cost saving, i is the interest rate, 
and t is the year number. The payback period is about three 
years, based on the calculated NPV. 

The most critical challenges toward the use of smart 
heating and cooling systems are (1) additional initial costs, 
(2) low energy tariffs, and (3) uncertainties about the 
environmental and economic effects of using smart heating 
and cooling systems.

As a result, the possible solutions for the development of 
smart heating and cooling systems could be categorized into 
(1) using domestic products, (2) considering the social costs 
of pollutant emissions, (3) replacing the current energy tariffs 
with real tariffs (eliminating the energy subsidies).

4- CONCLUSION
It can be concluded that using smart heating and 

cooling systems, in addition to reducing the total energy 
consumption, maximum energy demand, and costs of energy 
consumption, by reducing the repair and maintenance 
costs, it leads to a justifiable process for returning the initial 
required investments. This issue could solve one of the major 
challenges of using smart heating and cooling systems.

Considering the challenges, obstacles, and identifying 
possible solutions for the development of smart heating and 
cooling systems could lead to a practical solution toward 
achieving sustainability in the building sector during the 
operational period in Iran.

 

 

 

Table 1. Annual water and energy consumption in the base and 
smart modes

Table 2. The economic effects of using smart technologies

Table 3. Pollutant emission of natural gas and electricity 
consumption [7]

 

Table 4. Environmental effects of using smart technologies in Iran

Table 5. Social costs saving of the pollutant emissions [8]
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