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SUMMARY

In the last couple of years, people noticed a breakdown of energy resources. Therefore many
stakeholders have realised the importance of energy efficiency and came up with ideas on how we
should use the resources more efficiently. The building sector is one of the energy consumers around
the world, according to IEA (International Energy Agency) with 32% of total energy consumption. In
the case of lighting systems, energy consumption can be determined precisely because it does not
resonate with other consumers. Organizations invested a lot of money in solutions that will help
improve environmental aspects, considering economic factors. Pollution and energy consumption
became an essential issue in the recent years. Therefore people needed to come up with ideas to
remove all the negative aspects of the current environmental situation. There are humerous sources of
uncertainty about the building which need to be addressed. Deterministic simulations are used to
estimate the potential performance of a building. For a more accurate determination of energy
consumption, considering weather conditions, cooling systems or lighting systems, the solution is
EnergyPlus. EnergyPlus is the next generation of the modeling programs, supported and maintained
by a team founded by USDOE (U.S. Department of Education), used by engineers, architects and
researchers which gathers multiple modules which work together in order to analyze and simulate the
energy consumption, like heating, cooling, ventilation, lighting, connection and processing tasks, and
heat load inside buildings. Based on the user-entered sketch of the building, EnergyPlus calculates the
heating and cooling loads needed to maintain the temperature control, the conditions in a secondary
HVAC (Heating, Ventilation and Air Conditioning) system and the coil loads. In the paper, we
present a case study on an office building using the simulation manager module which describes the
heat balance process, air loop/plant loop and other processes. The simulation model involves a
complex set of data such as general information on the building, the number of users or the energy
consumed by the utilities. Location and necessary information of the structure such as details on the
lighting system must be introduced at the beginning to start de analyse. Since the EnergyPlus is an
integrated simulation, we demonstrate how all three of the significant parts must be solved at the same
time to obtain a simulation which is physically realistic. EnergyPlus has the benefit that it makes easy
for both developer and user, because of its graphical interface, to add new features and modules. The
data described performance characteristics are intended to be used in the simulation and the
developers can include different comments, types of throughout their input data files. The primary
purpose of this article is to use the open-source simulation tool, Energy Plus, and try to quantify the
energy performance in office buildings. In terms of building’s retrofit, non-residential buildings
clearly represent a challenging category. An office building, as a type of non-residential building,
requires simultaneous production of chilled and hot water. The results show that the usage of more
detailed simulation routines improves the building’s design for energy optimisation.
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1. INTRODUCTION

EnergyPlus is a simulation program that allows the user to understand the energy consumption better.
As nowadays buildings tend to occupy an essential place in each city life, the economic and the
environmental aspects must be taken into consideration to reduce costs and to improve the quality of
people’s lives. According to recent studies, around 20-40% of the total energy consumed by users in
advanced countries comes from buildings [1]. The same research shows that the energy which is
consumed in buildings can reach even 40% of the total power, exceeding in some cases sectors such as
the transportation one. This percentage comes from lighting, equipment or HVAC systems.

Moreover, Brunei Darussalam, which is a buildings sector, reported in 2012 that its industry occupied
39% of the National energy use [2]. Due to recent changes in the environment, problems such as
pollution or heating of the atmosphere became frequent.

The first step of the process is to understand the energy consumption to predict and improve it later.
Later, future upgrade approaches must be taken into account.

The study focuses on the integrated control of electric lighting and its impact on building energy
consumption using building simulation models. We have limited it to a single type of building and
climate zone because we want to show a concrete example of how EnergyPlus works.

Fig. 1 shows the overall software structure. The simulation manager, which includes the heat and mass
balance and the building system simulation module, controls the entire simulation process.
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Fig. 1 - The overall of EnergyPlus software

The main advantage of EnergyPlus is that it has new, structured, modular code which is easy to use for
developers which can add new modules and algorithms. Also, EnergyPlus allows the use of Phase
Change Materials (PCM) in different applications/methods.

This paper is divided as it follows. Section 2 presents some background regarding energy simulation
programs. Section 3 presents the EnergyPlus software and our simulations and results. The conclusions
are presented in Section 4.



2. RELATED WORK

Most of the popular building energy simulation programs are no longer supported/used because of the
current requirements. Some of them use methods and code that originated in the 1960s.

According to [3] by 2020 “positive energy” building will become the norm. In addition to this, energy-
plus buildings will make extensive use of renewable energy.

There are two main simulation programs which are similar to EnergyPlus, DOE-2 and BLAST which
have been used throughout the world. The difference between these programs is the load calculation
method, DOE-2 uses a room weighting factor approach and BLAST uses a heat balance approach.

Each program comprises hundreds of subroutines which can simulate heat and mass-energy flows
throughout a building. Even if both software programs have subroutines which are accurate, they
became expensive to maintain, modify and enhance.

EnergyPlus is based on system algorithms from DOE-2 and the load algorithms from BLAST and
several other modules reengineered for the inclusion on EnergyPlus. Also, new features were added to
create well-organised modular structures [4], [5].

A system [6] that measures durability in several buildings has been developed. This involves a study of
how several resources such as energy or water are consumed in a building. For this purpose, was used
BRE Environmental Assessment Method (BREEAM) which will help managers improve environmental
aspects of their office buildings. Another project involved 20 countries in developing a standard which
will improve the way we are using resources. Therefore, they used a spreadsheet tool called GBTool
where they stated performance criteria such as the energy consumption to highlight common problems
in buildings. They also considered the economic aspects and how the implementations of the presented
solutions will affect the company’s budget [6].

In [7] for a rural residential model situated in Shenyang it is established the simulation of the buildings
using DesignBuilder [8] which is a software based on EnergyPlus [9], but with a user-friendly interface.
It was used only for a rural pilot experiment. EnergyPlus [9] is used for engineers because of its
integrated set of high-productivity tools used to assist suitable building design.

3. ENERGYPLUS. SIMULATION AND RESULTS

EnergyPlus [9] is software that engineers, architects and researchers use to analyze and simulate energy
consumption and heat load inside buildings. Files are introduced by the user considering the map of the
building and the weather conditions. EnergyPlus [9] will evaluate the resources needed to maintain a
constant temperature in the building.

EnergyPlus [9] disposes of some utilities, including IDF-Editor to create input folders using a simple
interface with spreadsheets. Moreover, they use EP to managing the input and the output files and EP-
Compare to analyse the graphical results of two or more simulations.

EnergyPlus [9] is a free, open-source program which runs on Windows [10], Mac OS X [11] and Linux
[12]. The installation of EP-Launch Windows is mandatory ( it is not available for Linux [12] and Mac
[11]). EP-Launch offers a simple way to select and run the files coming from Energy Plus [9]. EP-
Launch is localised in the main folder. By accessing it on the screen, there will be shown the EP-
Launch graphical interface to run a single input file (Fig. 2).
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Fig. 2 - Graphical interface of EnergyPlus software

There has been used in the scheme of Beia Consult International [13] building as “Input File” to test
the EnergyPlus [9] software, The weather file was selected after accessing Weather File->Browse and
then “ROU_Bucharest.154200 IWEC.epw”. After selecting the files, in the “Single Input File” tab,
one will push the button “Simulate...” that will start the process of simulating the consumed energy
within the building. A DOS window (Fig. 3), which shows the progress of the simulation, will be
displayed on the screen. The simulation is complete when the window closes.
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Fig. 3 - DOS Window

Once the simulation has ended a status message (Fig. 4) will be displayed on the screen which will
offer an insight into an error that occurred during the execution. Moreover, the time of the
performance will be shown.
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Fig. 4 - Status message

After pressing OK, the option "ERR / EIO / BND Output Files Only" will be selected from the View

menu. ERR, EIO (Fig. 5) files contain details about the simulation process and about errors that
occurred during the installation.
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Fig. 5- .eio and .err files

The input file, called IDF, can be edited by choosing one of the two buttons in the "Input File" menu.
The "Edit - Text Editor" button will start a text editor and "Edit - IDF Editor" will open the program
called IDF Editor. Any changes made to the editor must be saved before running the simulation.

The sketch of the building (Fig. 6) can be viewed directly from the "View Results" field by pressing

the "Drawing File" button, having already installed one of the following software Voloview Express
[14] or DWG True View [15].

Fig. 6 - Outline of the building



The "Spreadsheets"” button opens the files with csv extension which contain numeric data related to the
outside and inside conditions of the building and data of the heating and cooling system. The displayed
results are generated for a summer day (July 21) and for a winter day (January 21) hour by hour, so that
the temperature difference between outside and inside the building can be as high as possible (Fig. 7).
On the left side of Fig. 7, are the outside air temperature (Zone Air Temperature) for two days, one of
the warm season (21 July) and the other during the cold season (January 21), for better data
comparison. In the warm season, the temperature difference between outside and inside the building
varies between 1 and 8 °C. In the cold season, the outside temperature of the building is -21 °C, and the
temperature inside the building is 20 °C.

On the right side of Fig. 7, in the warm season, an intense use of the cooling system is observed from
9:00 a.m-8:00 p.m. During the cold season the heating system was used without interruption.

The measurements on the consumption of the cooling system and the heating system are shown in Fig.
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Fig. 7 - Temperature from inside and outside the building (on the left) Usage of the cooling and heating
system from the building (on the right)

4. CONCLUSION

Efficiently using the resources has never been such an important issue until now. Therefore, managers
are trying to come up with ideas that might solve the resources issues that occured in the last years.

In this paper, we presented how EnergyPlus, an open source program, can help one understand the how
the consumption of the energy works and what investments should be made in order improve the
management of the energy in office buildings. EnergyPlus is a powerful energy consumption simulation
analysis software which combines the best features of BLAST and DOE-2 programs and represents a
significant step forward for computational techniques and program structures.

For this paper were taken several sets of data in order to evaluate the diagnostic power of the building,
in different seasons for the demonstration of the practicability of using EnergyPlus to identify energy
wastage of an office building, but more sets of daily consumption data are needed for a more detailed
analysis. As future work, we will try to develop a methodology in order to reduce EnergyPlus
simulation runtime.
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