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Abstract— Commercial buildings have increased energy demand   with lot of energy wastage. Energy efficiency of such buildings can be 

increased by properly managing the energy. For the same, an Intelligent Energy Management System (EMS) introduced in a commercial 

building aims to improve environment within the building to ensure customers’ comfort. The control system for such a building minimizes 

the power consumption without compromising the customers’ comfort. An intelligent multi-agent control system for energy and comfort 

management in the smart building serves this purpose. Increased challenges faced by the modern power systems include increased 

energy demand, environmental concerns etc. The utility along cannot meet all these challenges. Microgrid, which uses renewable energy 

sources, is a solution for the same. The energy management system, its control and the simulation results show the effectiveness of the 

energy management system.  

Index Terms— Energy management system (EMS), wind generation, solar energy, battery energy storage system, microgrid, intelligent control 
system, fuzzy controller, energy-efficient building, genetic algorithm.   

——————————      —————————— 

1 INTRODUCTION                                                                     

2 OVERALL SYSTEM LAYOUT  

     Increased energy demand is a requirement for the devel-
opment of any nation. The increasing challenges faced by 
modern power systems such as environmental concerns, high 
requirements of reliability, growing social and industrial de-

mands etc. cannot be satisfied by the utility grid alone.  Mi-
crogrid is an alternative solution for the same. 
 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1.Overall system layout with intelligent control and energy manage-

ment  

 
             Microgrid is used to supply energy to the commercial 
building under consideration in this work. Microgird uses 
renewable energy sources such as PV Arrays and wind tur-
bine, which are eco-friendly and avoids environment pollu-
tion. Power generated during off-peak hours is stored using 
battery energy storage system (BESS). The stored energy can 
be utilized later when required. Microgrid is located close to 
the controllable loads, which improves reliability and reduces 
transmission losses. Microgrid system can be connected to and 
disconnected from the upstream utility grid when required. 
Therefore, energy exchange between the grid and microgrid is 

 
The productivity and quality of life of the people within a 
commercial building depends on comfort level within it. The 
comfort factors which influence the above mentioned factors 
include visual and thermal comforts.  These are provided by 
lighting and air conditioning systems. More comfort is satis-
fied by more energy consumption. Due to energy scarcity the-
se days, a balance between the energy consumption and the 
customer’s comfort is required.  
     Increased energy demands can be fulfilled by properly 
managing energy, giving more preference to the critical loads, 
managing the noncritical loads. This minimizes total energy 
consumption. The saved energy can be utilized for later usage 
of critical loads. This ensures reliability of critical loads when 
necessary. The intelligent energy management system, intro-
duced under this topic, can serve this purpose.   
     The intelligent energy management system reduces the 
total energy consumption. This ensures effective and efficient 
use of energy, ensuring supply to the critical loads, thus ensur-
ing customers’ comfort and minimizes energy wastage. This 
makes the commercial building an energy-efficient building. 
     The remainder of the paper is organized as follows: Section 
2 describes the overall system layout. Section 3 describes the 
wind generation. In Section 4, the photovoltaic arrays using 
solar energy are described. In Section 5, the battery energy 
storage system and its modelling are described. The design of 
the intelligent control system is detailed in Section 6. In Sec-
tion 7, the fuzzy logic controllers are explained. Section 8 gives 
an idea about the energy management done in the smart 
building. In Section 9, simulation results are presented. Finally, 
conclusion is given in Section 10.  
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possible. Moreover, when there is utility failure, the microgrid 
can work as an autonomous grid by supplying the loads con-
nected to that microgrid.  
     The smart building is supplied by the microgrid system, 
which makes the building self-reliant, which is a requirement 
these days. The intelligent multi-agent system technology is 
applied to the control system for the smart building, which 
provides flexibility in control. Multi-layered agents are pro-
vided for the control. The comfort factors under consideration 
include visual and thermal comforts. Therefore, the critical 
loads are the lighting and air-conditioning systems, which 
provides visual and thermal comforts respectively in the 
commercial building. Through the cooperation of these multi-
layered agents, the control system minimizes the energy con-
sumption ensuring the customer comfort.  
 

3 WIND GENERATION  

As demonstrated in this document, the numbering for sections 
upper case Arabic numerals, then upper case Arabic numerals, 
separated by periods. Initial paragraphs after the section title 
are not indented. Only the initial, introductory paragraph has 
a drop cap. 

     Wind power is extracted from wind turbines, which is an 

important renewable energy. 

    The power extracted from the wind turbine [26] is given by: 

Pm=Cp(½ρAu3)=CpPw                                  (1)                                                    

where: 
Cp is the coefficient of performance of wind turbine, A is the 

cross-sectional area of the packet of air in m2, ρ is the air densi-
ty in kg/m3 and u is the wind speed in m/s. 

4 SOLAR ENERGY  

     The commercial building is supplied with microgrid, which 

uses renewable energy resources. Distributed renewable ener-

gy resources are used as the primary energy supply to the 

commercial building and the utility grid is to supply the back-

up. The loads in the building consume renewable energy first 

and then the extra requirement is taken from the utility grid. 

Among the renewable energy sources, the energy through 

photovoltaic (PV) effect can be considered as the effective and 

sustainable resource, which is in abundance and cheapest 

form of energy. It can generate direct current electricity with-

out environmental impact and contamination. The PV system 

is static, quiet, and free of moving parts, and these make it 

have little operation and maintenance costs. The voltage and 

current available at the terminals of a PV device may directly 

feed small loads. More sophisticated applications, solar gener-

ation typically consists of: the PV array, a control unit to track 

the phase of the utility voltage, a DC/AC inverter stage, an 

isolation transformer to ensure the DC is not injected into the 

network, an output filter to restrict the harmonic currents into 

the network. The Phase Locked Loop (PLL) technique has 

been used so far as a common way for generating the current 

reference synchronized with the utility voltage in the PV pow-

er conversion system. 

     The characteristic equations [12] of PV arrays are used for  

modeling the same. 

 

5 BATTERY ENERGY STORGAE SYSTEM  

     Increasing automation and computerization is required for 

the growth of the economy of any country. The same requires 

increased energy. The surplus energy from renewable sources 

can be stored for further usage by storage devices like batter-

ies during off-peak hours. During off-peak periods, the battery 

is charged from the microgrid via a converter. The converter 

converts the alternating current into dc. During discharge, the 

direct current generated in the battery is transformed by the 

converter to alternating current, which is delivered for meet-

ing energy demands during peak hours.   

     Thevenin’s equivalent model [19] is obtained for modeling 

of Battery Energy Storage System (BESS).  This made the easy 

modeling of storage system possible. 

 

6 INTELLIGENT CONTROL SYSTEM  

     Modern control technologies provide more robustness, effi-

ciency and flexibility to the power system which makes the 

Smart Grid concept. Smart Grid concept is an emerging tech-

nology these days, which enables the participation by custom-

ers. This provides power quality and reliability. Increased en-

ergy demand necessitated more decentralized generation due 

to changing market operation and more complex distribution 

systems. Therefore, it is difficult to manage the network from 

central control system. The intelligent control system technol-

ogy provides a solution for creating such distributed control 

systems with secure and reliable network operations with 

changing operational scenario. The smart Building Energy 

Management System (BEMS) is an application of the same. 

The Energy Management System (EMS) in a commercial 

building aims to improve environment within the building. 

     The intelligent control system, here, is a multi-agent layered 

control system made up of multiple agents including four 

agents. The agent can be a software or physical entity. Here, 

the agent-based intelligent control system is designed for en-

ergy management in a smart commercial building.  
 

6.1 Switch Agent  

 

The switch agent serves the purpose of connecting 

and/or disconnecting the microgrid to and/or from the utility 

grid.   
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6.2 Central Coordinator Agent  

 

  The central coordinator-agent coordinates grid and 

microgrid, all the critical and noncritical loads and ensures the 

customer comfort. All the control action is performed by the 

central coordinator agent. The overall comfort in the building 

is defined by the comfort factor given by: 

 

  Comfort=μ1 [1-(eT/Tset) 2]+μ2[1-(eL/Lset)2]                                    (2) 

where: 

μ1 and μ2 are the weighting factors, 

eT  is the error in temperature, 

eL is the error in illumination, 

Tset is the set value of temperature  

Lset is the set value of illumination. 

      The value of comfort lies in the range [0,1]. Customer com-

fort is ensured when it is greater than 0.9.  

 

6.3 Local Coordinator Agent  

 

The local controller-agents are used to control thermal 

comfort and visual comfort. The local controller agents are 

fuzzy controllers for controlling the different comfort factors 

like thermal and visual comforts.   

6.4 Load Agent  

 

The load agent controls all the noncritical loads. This dis-

connects the noncritical loads based on their priority so that 

energy can be saved for further usage by the critical loads for 

providing necessary comfort.   

 

7 FUZZY LOGIC CONTROLLERS  

     Fuzzy control provides a formal methodology for repre-

senting, manipulating, and implementing a human’s 

knowledge about how to control a system; i.e. fuzzy logic can 

be used to control nonlinear systems that are difficult to model 

mathematically. In contrast with "crisp logic", where binary 

sets have two-valued logic, fuzzy logic variables may have a 

truth value that ranges in degree between 0 and 1.   

7.1 Temperature Control  

       A fuzzy controller is developed for maintaining the indoor 

thermal comfort in a commercial building.   The inputs of this 

fuzzy controller are the error in temperature and the change of 

errors and the output is the required power.  

     The membership functions of the inputs and output of the 

fuzzy controller are shown in Figs. 2, 3, and 4. 

 

 

Fig.2. Membership functions of change in error 

 

         

Fig.3. Membership functions of temperature error  

 

 

Fig.4. Membership functions of the output, required power 

 
TABLE I 

FUZZY CONTROL RULES FOR LOCAL TEMPERATURE CONTROLLER 
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7.2 Illumination Control  

     Improper lighting can cause adverse health effects. There-

fore, the building indoor environment should be properly il-

luminated to provide visual comfort. Artificial lighting, there-

fore, is a requirement to ensure visual comfort in the smart 

commercial building. For ensuring proper visual comfort, 

fuzzy control system is used for providing comfortable illumi-

nation.  

The membership functions of the input and output of 

the local illumination controller are shown in Figs. 5 and 6. 
 

 

 

 
Fig.5. Membership functions of the input, illumination error. 

 

 
Fig.6. Membership functions of the output, required power. 

 

TABLE II 

FUZZY CONTROL RULES FOR LOCAL ILLUMINATION CONTROLLER 

 

8 ENERGY MANAGEMENT USING INTELLIGENT CONTROL 

SYTEM  

     Scarce generation may adversely affects the performance of 

critical loads like those in hospitals, commercial buildings etc. 

But, such loads always require continuous power supply. 

Since generation is scarce, proper energy management is re-

quired for proper and required usage of energy within the 

smart commercial building to ensure customers’ comfort min-

imizing energy consumption even by the critical loads. For the 

continuous power supply, distributed generation using re-

newable energy sources, was essential which could supply 

power locally as per the need. This makes the building eco-

friendly. Here photovoltaic arrays and wind turbines are used. 

With proper energy management, lot of energy can be saved 

and at the same time, lot of energy wastage can be minimized. 

This saved energy can also be utilized for further usage by the 

critical loads ensuring the reliability of the same. 

     The aim of the control system design for energy manage-

ment in smart commercial buildings is to minimize the power 

consumption ensuring customers’ comfort. For the same, an 

intelligent control system is used in this study, which is men-

tioned above. 

     The critical loads in the commercial building considered are 

lighting and air conditioning systems, providing visual and 

thermal comforts within the building environment for improv-

ing the quality of life and productivity within the building. 

The noncritical loads considered are swimming pool pump, 

fountain pump and decoration lamps. The energy manage-

ment system could reduce the energy consumption and the 

saved energy could be utilized for further usage by the critical 

loads when required for providing visual and thermal com-

forts. This was the basis of the control system design. 

     Optimization using Genetic Algorithm (GA), which is 

based on natural genetics and natural selection, was provided 

for further minimizing the power consumption and the corre-

sponding set values of illumination and temperature were 

taken. These optimized set values could reduce further power 

consumption and thereby energy consumption. 

9 SIMULATION RESULTS  

    Matlab/Simulink is used to simulate the multi-agent control 

system. 

The multi-agent control system was used for the intel-

ligent control of the smart commercial building. The critical 

loads, under consideration, here, are the lighting and air con-

ditioning systems and the noncritical loads are swimming 

pool pump, fountain pump and decoration lamps.  At each 

step, each load is intelligently controlled for minimizing ener-

gy consumption within the building. Microgrid was used to 

supply energy to the building. The extra energy required is 

taken from the storage system. For the same, control signals 

are generated for the control of the circuit breaker of battery 

storage. For minimizing critical load minimization fuzzy logic 

controllers are used for the lighting and air conditioning sys-

tems. Then, further minimization was accomplished with 

proper control of noncritical loads like swimming pool pump, 

fountain pump and decoration lamps. This control was im-

plemented by generating proper control signals for the circuit 

breakers connecting noncritical loads. At each level of control 

of energy is minimized and comfort is maintained. 

     For optimizing the set values, Genetic Algorithm was used. 

This minimized the energy consumption further. At each level 

of control, the total energy consumption was less when set 

values of illumination and temperature were optimized when 

Lerr VS SMALL LS SS OK LARGE 

Preq LARGE LARGE LL LL OK OK 
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compared to the same when the set values set as customer’s 

preference.  This was evident by the table given below: 

 
TABLE III 

COMPARISON OF ENERGY CONSUMTPION AT EACH LEVEL OF 

CONTROL OF NONCRITICAL LOADS 

 

 

 
 

Comfort factors obtained are above 0.9 at each level of con-

trol, which ensured customers’ comfort within the building. 

 

10  CONCLUDING REMARKS  

 

    In the explained energy management system, environmen-

tal friendliness is ensured due to the use of microgrid technol-

ogy. The microgrid, here, used PV arrays and wind turbines. 

The multi-agent control system performed its function. The 

energy consumption within the building is minimized with 

proper control of storage, noncritical loads and grid. The cus-

tomers’ comfort is also ensured, which was evident from the 

values obtained which are greater than 0.9. Optimization done 

with Genetic Algorithm (GA) further reduced the energy con-

sumption within the building, which made the building more 

energy efficient. 
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