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ABSTRACT: Various programs have been developed to predict the energy consumption of a building as a result of
recent increased social interest in the environmental friendliness of construction as measured by energy efficiency. The
goal of environmental-friendliness, which is achieved by predicting the energy consumption of a building, can be
realized in the design stage by applying a variety of technologies, planning factors and planning systems. However, most
energy analyzing engines are only suitable for use in the advanced stages of design because of the large amount of design
information that must be entered. Thus, because the simulation programs currently used are not suitable for use in the
early stages of design, this study suggests a prediction logic that provides an overview of the energy consumption of a
building according to its size, scope, and purpose by analyzing statistics collected by government agencies.
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1. INTRODUCTION

1.1 Necessity and Purpose

Currently, interest in energy reduction has been
increasing worldwide. According to the International
Energy Agency (2007), building energy consumption
takes up approximately 40% of total energy consumption
and approximately 24% of total emissions of carbon
dioxide. Thus, it is a matter of necessity to reduce the
energy used for building operation and maintenance. To
keep pace in these circumstances, the Korean government
has been recently encouraging the realization of energy
savings in the construction sector through a variety of
eco-friendly policies. Unlike in general industrial and
mass production, it is difficult to use sample products to
test performance and environmental impact in building
construction.

Therefore, it is possible that high cost remedies will be
necessary to rectify the negative environmental impacts
of poorly designed construction processes and completed
buildings. For this reason, it is useful to be able to predict
environmental performance of proposed buildings as
early as possible in order to produce an environmentally
friendly design.

The early determination of parameters relating to
building energy consumption is important for building
energy reduction and efficiency. If these variables are
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determined past the initial stages of design, effective
building energy reduction is difficult to achieve (Yildiz,
2011). Energy performance ratings shall be determined in
the initial stages to determine these parameters
(Augenbroe, 1992). But, an energy performance
assessment in the initial stages of design is difficult to
perform due to a variety of issues. First, there is a lack of
information in the initial stages. Detailed information
about the planned construction is not available during the
initial stage and performing building energy performance
rating requires this information.

Existing energy simulation programs need a zoning of
an evaluation design and a variety of input variables. Also,
the input procedures are complicated and full assessment
cannot be done until after the design is completed so that
their use in the initial stages of design is limited.

Therefore, this study proposes a method for the early
prediction of energy consumption and early economic
evaluation of proposed buildings in order to support low-
energy building design.

1.2 Research Methods and Procedures

The purpose of this study is to develop logic that can
predict energy consumption in the initial stages of a
construction project. The research methods and the
procedures are as follows:



(1) Features of existing simulation programs for energy
consumption prediction and the applicable limits of their
use in the early stages of design are analyzed.

(2) The parameters that affect building energy
consumption are defined.

(3) Logic is proposed to predict energy consumption on
the basis of Korean government statistics.

(4) The main contents of this study are summarized and
future research direction and assignments are suggested.

2. EXISTING ENERGY SIMULATION

2.1 Status of Building Energy Evaluation Simulation
Programs

Since the 2000s, the importance of building energy
reduction and efficiency improvement has been growing
and related research has been actively conducted in
foreign countries. In Korea, research was conducted to
identify energy consumption patterns by measuring the
real-time energy consumption of buildings (Sung-Sil Kim,
2003) and other research was performed to determine
energy consumption trends depending on the type of
building components used (Won-Gi Choi, 2007). In
recent years, research was carried out to assess the energy
performance of buildings in conjunction with existing
building energy modeling and simulation programs based
on BIM (Hyeon-Jun Mun, 2012). In addition, an energy
performance assessment program tailored to domestic
environmental policy such as, ECO-2, ECO2-OD was
developed under the leadership of government. Overseas,
a variety of advanced energy performance simulation
programs such as, such as DOE-2, Energyplus, and
TRNSYS, have been developed to rate energy
performance. In addition, much research has been
conducted to improve interoperability between building
design data and energy performance assessment programs.
Recent research on energy optimization entails using
genetic algorithms to improve building energy efficiency
(Daniel, 2010) and another study in progress about low-
energy building implementation technology and program
development considers the impact factors of building
energy consumption (Shady, 2012).

2.2 The Problems of Existing Energy Simulations

Energy usage simulations are most effective when used
in the early stages of design because many opportunities
for reducing building energy requirements through
application of technology and making different design
choices are available at that time, leading to reduced costs
(ASHERAE, 2006).
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Figure 1. Energy Reduction Opportunities and the
Economic Effects

Figure 1 shows the effect of applying energy usage
simulation technology in various phases of a construction
project. The large effect of applying energy usage
simulation technology in the early stages of the project
can be observed.

Various parameters related to building energy
consumption should be considered in the design phase.
However, there are difficulties in doing this in the early
stages of a project because information about the building
construction is not clear and a lot of information is
needed for preexisting energy simulations.

Table 1 shows typical energy simulation tools. Each of
DOE-2, Energyplus, TRNSY'S, and ECO2 and ECO2-OD
developed under the auspices of the Government of South
Korea has similar features. However, most of the
programs require many design parameters and are
vulnerable to errors occurring due to large amount of data
that must be entered. Thus, they are not suitable for use in
the early stages of a project.

Table 1. Characteristics and Problems of the Existing
Energy Simulation

Application
Program Step Character Range Problems
Placement
Basic of building- Need b-
design gs, operatin- | uilding z-
stage 0?2%[13&[(1 g schedules, | oning and
DOE-2 ~ relatedgy conditioni- require
Detailed roarams ng systems many
design prog and econo- design pa-
stage mic evalua- | rameters
tion
Consul;'npti l\llged b-
Basic : on can bee- | uilding z-
design p?gf;$gm }/alrl;lated by | oning.
_ stage : ighting, Frequent
Eneiz%y ~ grf“? OE-2 HVAC ener- | errors
P Detailed BLAST gy consum- | occur due
design advantages | Ption and to exces-
stage 9 user defined | sive input
time step of data
A dynamic
heating load Need b-
_ dl?g;/ﬁl]gpe calculation | uilding z-
Detailed dynamic of building, | oning
TRN-SYS | design e tion | sizengthe” | and requ-
stage of the solar HVAC syst- | ire many
svstem em, solar S- | design pa-
ystem. ystem Anal- | rameters.
ysis
Total
energy con-
sumption :
. Energy assessment dllg)_(;}al{!ed
Detailed efficiency of buildings data gnd a
ECO2 design ratin-g and authen- | o
stage assessment | tication pur- | oo
program poses of e- reguired
nergy effi- q )
ciency
rating
Input
Total variables
amount of are rela-
energy . simplified | tvely
Detailed e\r/gll;gg?n program of ?nn?saslilhbut
EC02-OD | design preg ECO2for | Mg
stage building | DuSiness al and el-
permits for ectrical
business equipmen
facilities t can lead
to error.
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Each of DOE-2, a prominent energy simulation
overseas, Energyplus, TRNSYS, and ECO2 and ECO2-
OD developed under the auspices of the Korea Energy
Management Corporation has a number of advantages.

However, as shown in Table 1, Most of the programs
require many design parameters and frequent errors can
occur due to the input of large amounts of data. Thus,
using these programs in the early stages of a project is
beset with many difficulties and limitations.

3. BUILDING ENERGY USAGE
EVALUATION IN THE INITIAL STAGES OF
A PROJECT

3.1 The Implementation of Input Design Variables
Simplification

In order to effectively predict energy consumption and
costs in the early stages of a project, the implementation
of input design variables should be simplified. To do this,
the main input parameters that should be analyzed are

those parameters that account for large variations in usage.

Table 2. Parameters to be considered as a Phased Design

Outline Scheme Detailed
Design Stage Design Stage Design Stage
Orientation Glazing area Different
U-Values Glazing type heating systems
Heat recovery Shading and/or Different
systems blinds heating control
Light/heavy Blind control strategies
construction Orientation Different
Air exchange Air change rate | cooling systems
rate Material Different
Space adjustment in Cooling control
consumption overheating strategies
Glazing area | areas Different ven-
Floor plan Lighting tilation
depth strategy strategies
Fuel type Cooling
required:
yes/no?

Building energy consumption changes for each design
parameter typical in existing simulation systems are
shown in Table 3 based on the results predicted by the
ECO2 program. Elements that lead to large energy
savings can be determined from these values and the
degree of the effect of each element on the prediction of
building energy consumption can be compared.

The design variables that have a significant impact on
the energy consumption prediction can be simplified as
shown in Table 4 in order to improve the usability of
simulations in the early stages of a project. Building
information is the basic information that can be obtained
in the early stages of a project. Input design parameters
have been extracted based on some of the parameters in
the outline design stage shown in Table 2 and elements
from Table 3.
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Table 3. Design Parameters for Building Energy Usage

Changing
Passive Savings Active Savings
Elements Rate[%] Elements Rate[%]
Insulation 0.4 HVAC 50
performance system
U-Value 11 Boiler 35
efficiency
Sha(_:il_ng 123 Amb_lent 55
coefficient cooling
Wmdoyv 37 Tuybo 128
area ratio chiller
Insulation Geothermal
locati 0.3 heating and 21.7
ocation -
cooling
External Lighting
shades 15 density 191
Infiltration 01 Renewable 79
rate energy
Table 4. The Design Information and Parameters of
Buildings at an Early Design Stages
o .Building usage
In?grlggf:l?i%n .Building total floor area
.Local conditions
.Azimuth of the building
.Wall area
.Window area ratio
Parameters | HvAC type
Jce thermal storage and district
heating rate
.FCU utilization rate

3.2 Development of the Logic for the Prediction of
Energy Consumption

The annual energy usage by use of the building, floor
area, and energy source was analyzed to develop the logic
for predicting energy usage. The analysis was done based
on Korean government statistics (Ministry of Knowledge
Economy the total energy surveys, 2011). Collection of
public statistics and unit conversion was necessary in
order to integrate this data, since the energy usage of
buildings is presented such that usage-specific, area-
specific and energy source-specific information is
presented individually.

Schools, research institutes, communication facilities,
and other buildings among the survey data were excluded
due to a high variance in the reliability of the data. The
energy consumption data of apartments were excluded as
well because the data collected were based on apartment
complex as a whole instead of each household
individually.

Based on the extracted data, the proportion of energy
consumption per unit of each building type was analyzed
and the energy consumption per unit area was calculated
by multiplying the total floor area ratio changes and the
average energy consumption. The prediction logic for
energy consumption developed in this process is
summarized in Figure 2.



Ministry of Knowledge Economy 2011
Collection of the total energy surveys

!

Energy consumption data extraction for total
floor area based on the building usage

Excluding college,
communication, and
other buildings

Unit conversion of data extracted
based on net calorific value per
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use per building usage
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energy source in accordance with building usage
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v
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Electric Power
Corporation and the
corresponding city gas

Energy consumption data
per unit based on the
building usage

Calculation of the price of each
energy source based on the
building usage

Additional operations for
the design variables such
as, window area ratio,
wall conditions, and
HVAC type

Annual/average monthly energy usage and cost
prediction system

Figure 2. Energy Consumption Prediction Logic
4. CONCLUSIONS

This study was done to develop logic that can be
incorporated into the design of a system for the prediction
of building energy consumption in the early stages of a
construction project and to contribute to the development
of green building. After investigating existing energy
simulation programs, most of the programs are not
suitable to be used in the early stage of construction
projects because they require a lot of design information.
In this study, input variables required when predicting
energy usage, such as, building information, total floor
area, local conditions, azimuth of the building, Wall area
and window area ratio, HVAC type, Ice thermal storage
and district heating rate, and FCU utilization rate, were
extracted by using parameters to be taken into account in
the initial design phase and the variations of building
energy usage per design parameters. Furthermore, the
prediction logic of the energy consumption was presented
using the data shown above and public statistics provided
by the Korean government. The study describes basic
research to predict the energy consumption of building at
an early stage of the construction process. The developed
prediction logic for building energy consumption can be
applied flexibly in the early stages of projects. Continued
research in the area is suggested for the efficient
management of future energy usage and energy costs.
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