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SUMMARY

I. Title

Maintenance Management Process for Reducing CO; Emission in Multi-Family

Housing Project

IT. Necessity and Objective of Research Development

1. Objectives

The aim of this study is to develop a maintenance management process for
reducing CO> emission and energy consumption in Multi-Family Housing project
and to develop a decision support system to improve the Multi-Family Housing
facility for final decision maker.

Based on this study, the decision supporting manual for decision maker, making
a decision for improvement of the facility, will be developed. By using this
manual, the amount of CO: emission in Multi-Family Housing can be reduced.
Furthermore this manual will be a political criteria for maintenance of residential
buildings in South Korea.

The specific goals of the study to develop a maintenance management process
for reducing CO: emission in Multi-Family Housing project are as follows.

(1) To adopt an eco—friendly paradigm in practical life of people, by develop a
maintenance management process for reducing CO; emission and energy
consumption.

(2) To collect an project information of the decrepit facilities(in specially, the
apartments older than 15 years after the completion, these apartment charge

36% of the whole Multi-Family Housing project), and analysis the present
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condition of the energy consumption of that of collected projects, and draw
a problem of current state of affairs.

(3) To develop an Apartment Type Breakdown Structure(ATBS) in the analysis
process to solve the problems of current states and make a reasonable
analysis program, and execute the Life Cycle Cost analysis based on energy
simulation program to suggest an optimal scenario for improvement of
facilities considering not only the economic feasibility but also environment
performance evaluation.

(4) Establish carbon emissions reduction target(CERT) derived from the
Apartment Type Breakdown Structure(ATBS), and set a decision-making
process which enables to select a scenario achieving optimum energy
efficiency improvements.

(5) Since macroscopic guidelines are required which can serve as a master plan
at the national level for the improvement of multi-family housing project,
genetic  algorithms is used with Apartment Type Breakdown
Structure(ATBS) to develop a model which help the budget allocation and
decision-making for the improvement of multi-family housing project in the

macroscopic dimensions.

2. Necessities

Energy consumption is increasing worldwide, and greenhouse gas emission IS
likewise increasing. Such a change causes global temperature to increase and
triggers other climate changes (e.g. rise in sea levels, desertification, and El Nino).
For that reason, an effort for reducing CO: emission and energy consumption is
globally carried out.

In construction field, this reducing effort is carrying. The amount of CO»
emission in the maintenance of buildings is charging 25% of the whole CO;
emission of the South Korea. Especially in residential buildings, the amount of

energy consumption is charging 53% of the whole energy consumption in all
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buildings.

In this circumstance, various policies for reducing greenhouse gas are rapidly
being established and implemented by increasing the energy efficiency of
buildings. Moreover, various research and technical development is achieved for
application in energy-saving house in the design phase.

However, most of them are limited to newly built buildings, while efforts to
reduce CO» emission in existing buildings remain limited. Moreover very minimal
research on CO» emission reduction in existing residential buildings has been done
and policy support is largely insufficient and there is no appropriate measures in
improvement process.

Therefore, the aim of this study is to develop a maintenance management
process for reducing CO: emission and energy consumption in Multi-Family
Housing project. And the decision supporting manual for decision maker, making a
decision for improvement of the facility, will be developed. By using this manual,
the amount of CO: emission in Multi-Family Housing can be reduced.
Furthermore this manual will be a political criteria for maintenance of residential

buildings in South Korea.

The specific needs for the study are as follows.

(1) Measures adoptable in the maintenance phase need to be arranged systemic.
And special solution will be developed to evaluate various combination
scenarios applying in multi-family housing project to saving energy.

(2) To maximize the efficiency of energy saving measures planned to apply
buildings, it is needed to make databases according to the various apartment
types and suggest a maintenance strategy for those type of buildings.

(3) Reducing energy consumption is effective for cost saving in itself. And
considering the international implementation of the CO: emission trading
system, it will be anticipated to make a lot of economic profit through
energy saving.

(4) A demand for remodeling or improvement of obsolete multi—family housing
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1s Increasing gradually. Therefore it 1s needed not only making the
functional supplementation for enhancement of living qualities but also

improve energy efficiencies to reduce CO> emission in residential buildings.

IM. Contents and Scope of Research Development

This study was divided into current situation and improvement measures for
apartments, establishment of energy saving measure pools adoptable to
apartments, development of apartment type breakdown structure, development of
an decision support model for improvement of multi-family housing apartments,
development of an decision-making process of an optimum improvement scheme
from apartment complex targets for improvement, development of an decision
support model for the improvement of multi-family housing project of macroscopic
point of view, development of optimization model for selecting the optimal
scenario of new renewable energy system, and proposing improvements for the
system of building energy efficiency, and the research contents and range

according to each part are as follows.

1. Current Situation and Improvement Measures for Apartments

Based on extensive interview with expert of LH public corporation in Korea and
UR public corporation in Japan, this research had a general idea of the
maintenance process of multi—-family housing project. And then, this research drew
common problems of korean maintenance process and suggested the solution
related in those problems. Finally by submitting political proposal to related
government organization, we attempted to get an actual effectiveness of the

improvement measures for apartment.

2. Energy saving Measure Pools Adoptable to Apartments

This research established energy saving measure pools adoptable to apartments

- XXiX -



through the consultation with expert of private enterprises(i.e. CM company,
Designer). The energy saving measure pools will be used for the research
assignments in second year of this project. Among various kind of energy saving
measures, this research selected specific measures that can be adopted to
multi-family housing project. Finally we arranged detailed characteristics,
strengths, weaknesses and the results of economic feasibility of the energy saving

measures.

3. Apartment Type Breakdown Structure(ATBS)

With collected energy consumption databases of electricity, gas, and district
heating, this research developed unique classification systems of multi-family
housing project(Apartment Type Breakdown Structure; ATBS). To do this, we
make use of statistic methodology, Decision Tree, by using a statistic computer

program and utilize another classification methodology, Ontology.

4. Decision Support Model for Improvement of Multi-family Housing
Apartments

This research developed an decision supporting model integrating various
methodologies of Artificial Neural Network, Multiple Regression Analysis, and
Genetic Algorithm with Case based Reasoning as the center. This integrated
model can be an useful tool supporting final decision for improvement or
remodeling business of multi-family housing project, combined with apartment

type breakdown structure-ATBS.

5. Decision—making process of an optimum improvement scheme from
apartment complex targets for improvement

Through utilizing Apartment Type Breakdown Structure(ATBS) and Advanced
CBR models, energy savings target are clearly set and decision-making process

for selecting optimum scenario is established which optimizes the effect of

= XXX =



environment and economic point of view of various improvement scheme.

6. Decision Support Model for the improvement of multi-family
housing project of macroscopic point of view

Based on the goal of a macro perspective, “The achievement of national goals
to reduce greenhouse gas emissions”, decision support model for the budget
allocation for each apartment complex was developed when implementing the

improvement of multi-family housing project.

7. Optimization Model for Selecting the Optimal Scenario of New
Renewable Energy System

optimization model for selecting the optimal scenario of photovoltaic(PV) system
is developed since PV system is one of the most applicable system among new
renewable energy system. Along with energy generation calculation based on the
simulation, multi-objective optimization model is developed which considers costs

and investment effect, based on Excel VBA (Visual Basic for Application)

8. Proposing improvements for the system of building energy
efficiency

Through research and analysis of systems and policies related to energy
efficiency of building, problems and solutions of the domestic system are

suggested.

IV. Results of Research Development

This study was divided into current situation and improvement measures for
apartments, establishment of energy saving measure pools adoptable to
apartments, development of apartment type breakdown structure, development of

an decision—making process of an optimum improvement scheme from apartment
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complex targets for improvement, development of an decision support model for
the improvement of multi-family housing project of macroscopic point of view,
development of optimization model for selecting the optimal scenario of new
renewable energy system, and proposing improvements for the system of
building energy efficiency, and the research contents and range according to each

part are as follows.

1. Current situation and improvement measures for apartments

(1) Current situation of maintenance process for apartment in Korea

® Current situation of management of the energy consumption data of LH
Energy consumption data of apartments belong to LH corporation is managed in
trust as the form of outsourcing. A continuous collection of energy consumption
data is performed by House Management Public Corporation and other private
companies. However these collected databases are not available for a criteria to
supporting make a decision for improvement or remodeling of multi—family

housing project.

@ Maintenance process of LH corporation to reduce CO2 emission

Green Home Project is pushing ahead with Korean governmental policy as a
public business for reducing energy consumption. It aims to reduce about 109 of
energy consumption in buildings by partially improving the obsolete apartments.
However, A criteria for selecting the facilities of improvement is somewhat
uncertain and unreasonable(i.e. equal distribution according to a administrational
district, apartment complex that has households more than 1,000 has elapsed year
more than 15). In addition, because this criteria is not considering energy
consumption, the validity of this criteria is questioned from the energy efficiency

point of view. Moreover follow—up evaluating process is not defined clearly.
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(2) Current situation of maintenance process for apartment in Japan

® Current situation of management of the energy consumption data of UR
Energy consumption data of rental apartments belong to UR corporation is
collected and analyzed by UR autonomously. Based on this management system,
UR corporation publishes the annual environmental report. In addition, they define
the lifespan of equipment and plumbing clearly, and special division performs all
related tasks. Nevertheless LH corporation is performing these kind of tasks, UR
has a more-detailed management process in comparison to that process of LH
corporation. However the same as Korea, these collected databases are not
available for a criteria to supporting make a decision for improvement or

remodeling of multi-family housing project.

@ Maintenance process of UR corporation to reduce CO2 emission

UR corporation establishes a long-term road map aimed to reduce CO: emission
under a national level of strategy named “Environment and Energy Power”. And
Japan has a goal of realization of zero—energy house by 2020. A system that
support initial cost of improvement or remodeling business for energy efficiency is
similar to that of Korea. Especially, Japanese government gives a lot of active
incentives like eco-point to the main agent of improvement project. UR
corporation, Meanwhile, performs continuous researches for reduction COs emission
derived the phase of building maintenance by Housing and City Engineering
Laboratory. Housing and City Engineering Laboratory has developed a
architectural structure system called SI-System. SI-System devide a building into
structure section and interior equipment section. In case having necessity of
partial repair, it is available to take an economic mending to the broken section
needed to repair. However, A criteria for selecting the facilities of improvement is

not considering energy consumption alike in Korea.

(3) Solutions of maintenance process deducted from current situation

- XXXiii -



Based on the maintenance status analysis of LH and UR corporation, the
suggestions of this research are given as follows to solve these problems and
make a reasonable and efficient process.

First, it is urgent to establish and define a clear criteria for the improvement of
multi-family housing project. Especially, a decision standard for improvement
project should be based on energy consumption data with high accuracy.
Nowadays elapsed year is the only criteria for selection of improvement facilities.
However it is not always equivalent between elapsed year and energy efficiency.
Therefore, to make a good progress in improvement projects for energy saving, it
1s necessary to establish a new criteria to select the improvement facilities and to
adopt this new criteria to improvement project of obsolete multi-family housing
project.

Second, it is necessary to make a selection standard to adopt the improvement
project. Improvement Project or business for energy saving and CO: emission
reduction is under the constraint of initial cost and life cycle cost, so improvement
project must be proceeded with the best cost-efficiency items. Therefore, through
the analysis of LCC and LCCOs, the optimal item selection criteria and evaluation
standard should be established based on accurate energy consumption data.

Finally, it is urgent to realize a long-term road map for CO:2 emission reduction
in the level of whole country. And a governmental policy of incentives should be
established to make a spontaneous participation of the people. The effect of
maintenance process can be maximized with a lot of effort of actual dweller.
Therefore, it is essential to make a political support and give practical incentives
to motivate people getting the effort for energy saving and CO; emission

reduction.

2. Energy saving measure pools adoptable to apartments

(1) Active Energy Saving Measures
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D Condensing Boiler

@ High Efficiency Induction Motor
@ Cogeneration System

@ High Efficiency Transformer

(® Hybrid Ventilation System

® Under Floor Air Distribution

(@ Heat Recovery Ventilation System
Each Room Controling System

© Automatic Electricity Saving System
10 Outdoor Reset Control

@ LED Lighting

@ Induction Lamp

@ T-5 Fluorescent Lamp

Air Curtain

@ Sanitary Fittings for Saving Water

(2) Passive Energy Saving Measures
@D Low-E Double Glazing

@ Super Insulation Triplex Glazing
@ Vacuum Glazing

@ Green Roof

® Green Wall

©® Rainwater Utilizing System

(M Wastewater Reusing System

Heat Reflection Insulator

(3) New Renewable Energy Techniques
D Solar Water Heating System

@ Ground Source Heat Pump System
@ Photovoltaic System
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@ Sunlighting System

(® Building Integrated Photovoltaic (BIPV) System
® Fuel Cell

@ Small Wind Turbine

3. Apartment Type Breakdown Structure(ATBS)

(1) Establishment of Database

@® Definition of Variables

Definition of input and target variables is necessary for data mining process
including decision tree. In this study, the breakdown structure in complex level
would be established that applicable items for apartment complex among various
factors affecting building energy consumption(e.g. climate, building-related
characteristics, user-related characteristics, building service systems and operation,
building occupants’ behavior and activities, social and economic factors, the
required indoor environmental quality) are considered as input variables. Energy
consumption per unit area was set as the target variable. Following table shows

the selected variables and the type of scale that was used for each variable.

Variables Type of Scale Detailed Classification
district nominal 25 districts in Seoul
tenure type nominal sale/rent/mixed
corridor type nominal stair/corridor/mixed
heating type nominal individual/central/district
elapsed years ratio reference year : 2010
Input — -
. number of buildings ratio
Variables - -
number of stories ratio
gross area ratio unit = m
number of ratio
households
area per households ratio
) electricity : kWh/m'
Target energy consumption . A
Variable er unit area ratio gas i m/m
P district heating : Gcal/m
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@ Data collection and filtering

The project characteristics(input variables) and energy consumption(target
variables) data of the multi-family housing complexes located in Seoul were
collected.

The project characteristics data was collected via the Apartment Management
Information System operated by South Korea’s Ministry of Land, Transport, and
Maritime Affairs. Energy consumption data was acquired by conducting interviews
with, and requesting data from, the department in charge of the Korea Electric
Power Corporation, two city gas corporations, and Korea District Heating
Corporation. Finally, energy data of 1,7/1 complexes, 375 complexes, 309

complexes were obtained, respectively.

(2) Apartment Type Breakdown Structure for Complexes in Seoul

(® Breakdown Structure by Decision Tree

Energy simulation and data mining methods are generally used in studies
dealing with the building energy consumption. Energy simulation takes too much
time and effort, even though it serves detailed analysis. On the other hand,
decision tree, one of data mining methods, analyzes the input variables’ impact on
target variable statistically and forms clusters. It has strong points that even
layperson can understand its result easily and it isn’t too sensitive on outlier.
Therefore, the cases in the database were grouped to form cluster using

decision tree.

(3) Energy Consumption Analysis Based on Breakdown Structure

® Electricity

7 leaves were formed by decision tree on electricity. The distribution of

electricity consumption was analyzed by Monte Carlo Simulation(MCS) on each

cluster(leaf).
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As a result of simulation on 1,664 cases, the mean value was 45.88kWh/m2,
standard deviation was 5.90kWh/m” Compare to the analysis on whole cases,
electricity consumption influenced by apartment characteristics may be analyzed

by the MCS on each cluster.

® Gas

7 leaves were formed by decision tree on gas. In MCS on whole cases, the
mean value was 10.20m3/m2, standard deviation was 1.52m°/m®. While, the result
in MCS on each cluster was generally smaller than whole cases analysis. There

exists the bell-shaped distribution on each cluster.

® District Heating

5 leaves were formed by decision tree on district heating. In MCS on whole
cases, the mean value was 101.34Gcal/m’® standard deviation was 25.76Gcal/m”.
While, the standard deviation in MCS on each cluster was 19.18(leafl),
19.06(leaf2), 14.78(leaf3), 21.78(leaf4), 14.43(leaf5). It shows that the standard

deviation is smaller than analysis on whole data.

4. Decision Support Model for Improvement of Multi-family Housing

Apartments

(1) Retrieval of Similar Cases by CBR

Inductive retrieval and nearest-neighbor retrieval are generally used for
retrieving similar cases. Nearest—-neighbor retrieval takes too much time in case of
heavy database. In this study, the analysis time was shortened by forming
breakdown structure with decision tree. That 1is, the retrieval process was
optimized by applying CBR technique combining the strong points of both retrieval

methods.
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(2) Optimization Process by Genetic Algorithm

CBR produces similar cases based on the case similarity score, and determines
the prediction accuracy based on the value of the target variable. However, the
previous study showed that the relation between case similarity and prediction
accuracy 1s not always proportional. Therefore, to improve the prediction accuracy
by solving such problem, four optimization parameters (MCAS, RAW, TRCRMA,
and RCS) were introduced in this study. Such optimization process was realized

via GA.

(3) Verification of Model Performance

® Verification by Prediction Accuracy and Standard Deviation

(unit : %)
Electricity Gas District Heating
Type of Model Prediction | Standard | Prediction | Standard | Prediction | Standard
Accuracy Deviation Accuracy Deviation Accuracy Deviation
MRA 91.94 11.63 91.47 8.89 86.99 13.38
ANN 92.27 11.87 91.51 7.44 87.30 12.86
CBR+GA
No (MCAS, RAW, RCS 90.00 10.43 90.88 6.64 83.56 11.31
Clustering Applied)
CBR+GA
(MCAS, RAW, RCS, 91.87 10.47 92.59 5.42
TRCRMA Applied)
MRA 92.71 10.62 90.56 8.09 89.39 9.96
ANN 93.00 9.90 91.02 5.99 90.27 9.37
Clustering CBR+GA
by (MCAS, RAW, RCS 92.62 8.01 91.74 5.562
Decision Applied)
Tree CBR+GA
(MCAS, RAW, RCS, 93.51 7.97 93.47 4.90 91.49 6.85
TRCRMA Applied)

Table shows the prediction accuracy and standard deviation values by model
based on various combinations of techniques. Clustering by decision tree was
shown to have contributed to the improvement of the model’s prediction
performance. That is, the prediction accuracy of models which used clustering

were shown to have improved more than that of models which did not use
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clustering.

The model that used clustering by decision tree and the four optimization
parameters was shown to be superior to the other models. As shown in the
shaded part of table, the prediction accuracy of the model is the highest and the
standard deviation is the lowest. In other words, it showed the most accurate and
stable prediction performance.

Finally, the model combining the ATBS and advanced CBR was proved that it
secures the accuracy and stability as a decision support model for maintenance

management of multi-family housing.

®@ Case Study

A case study was conducted to verify the model performance. Following table
shows the project characteristics and prediction result of the test case. 5 retrieved
cases were selected based on case similarity. The average prediction accuracy

was very high (94.99%)

area - case |consumptionfprediction
No. [district|year () building| story |household () tenure [corridor| heating |similarity| per area |accuracy
score | (kWh/m) (%)
Ctzzte 110 [Nowon| 11 [26,581 3 19 260 102.23 | sale | mixed |individual = 48.63 =
retrieve ) R
1 120|Nowon| 10 29,244 4 18 300 97.48 sale | mixed |individual| 0.9765 46.76 96.16
retrieve ; P
P 109|Nowon| 11 128,432 2 17 289 98.38 sale | mixed |individual| 0.9713 46.42 95.45
retrieve ) R
5 115|Nowon| 13 25,090 3 17 259 96.87 sale | mixed |individual| 0.9709 47.06 96.77
retrieve ’ P
4 121|Nowon| 11 121,223 2 21 216 98.25 sale | mixed |individual| 0.9699 46.09 94.78
retrieve ) L
5 119|Nowon| 13 29,765 2 16 290 102.64 | sale | mixed |individual| 0.9624 44.64 91.80
Mean 0.9702 46.19 94.99
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The graph shows the electricity consumption per area of test case and retrieved
cases. Using such model, the retrieved cases with characteristics similar to those
of the test case can be determined. Comparison of the retrieved case with the
electricity consumption allows any overuse of the electricity consumption of the
test case to be determined. One of the following can then be selected as the CO-
emission reduction target: (i) maximum electricity consumption; (ii) minimum
electricity consumption; or (iii) average electricity consumption. Another standard
can be established according to the decision-maker (e.g., the manager of a
multi-family housing complex, or the manager of a public-lease housing complex

owned by the Korea Land & Housing Corporation), based on the retrieved cases.

5. Decision—making process of an optimum improvement scheme from

apartment complex targets for improvement

(1) Establishment of CERT for improving a target multi-family housing

complex

® Selection of a standard multi-family housing complex
We selected a standard multi-family housing complex according to the
following criteria to obtain a practicality of deducted product and to maximize a

ripple effect. i) A multi-family housing complex in Seoul city has the most
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amount of CO: emission based on unit area ii) A rental multi-family housing
complex owned by Korean government iii) A multi-family housing complex

whose CO2 emission in unit area belongs in upper 5%

@ Establishment of CERT for a standard multi-family housing complex

It is important to cluster groups that have similar characteristics based on their
architectural characteristics and to compare each individuals in his own group for
a more objective and accurate decision. Therefore, we established CERT for a
standard multi—family housing complex by using the advanced CBR model. The
electricity consumption in unit area was set the by 23% of reduction(86.10
kWh/m2), and the gas energy consumption in unit area was set the by 27.9% of
reduction(14.32 m3/m2) as CERT.

(2) Construction of an energy saving model

(® Pattern analysis of energy consumption

It was shown that the amount of CO: emission by electricity consumption is
charged as 55.4%6, and the amount of CO2 emission by gas energy consumption is
charged as 44.6%. Thus, the amount of CO: emission is affected by the two
energy sources not by one source. The analysis result of CO; emission on each

of energy sources is utilized to make decision of energy saving alternative.

@ Selection of energy saving alternatives

We selected appliable energy saving alternatives based on the pattern analysis
of energy consumption. We selected appliable energy saving alternatives by
conducting a heavy literature reviews and a face-to—face talk with experts based
on the ‘30 energy saving measures’ that is made in the first year’s research.
Among these measures, the four measures of double Low-e

glazing(bmm-12mm-6mm), LED lightings, zero standby power outlet, and
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condensing boiler are selected as the final appliable energy saving measures.

® Energy saving model for a standard multi-family housing complex
The four energy saving measures are selected to achieve CERT for a standard

multi—-family housing complex.

Eneray energy saving Energy saving scenarios
use measures H#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 [#10 | #11 |#12 | #13|#14 | #15
" double Low-e
Heatino &1 glazing(emm-12| o | - | - | - |o|o|o|-|-|-|o|o|o|-|oO
g mm-6mm)
Lighting LED lightings - (0] - - (0] - - (0] (0] - (0] (0] - (6] (@]
Home zero standby _ _ _ _ _ _ _
appliances | power outlet 0 0 o o o © o ©
N condensing _ _ _ _ _ _ _
Heating boiler O O O @) O O O O

CERT for gas energy consumption(27.9%) is seen to achieve with using the two
energy saving measures(double Low—e glazing(bmm-12mm-6mm) and condensing
boiler), meanwhile, CERT for electricity consumption(23.0%) is seen to fail. In this
reason, to achieve CERT for electricity consumption, it is necessary to make a
new alternative. In this research, we attempt to achieve CERT for electricity
consumption(23%) by application the photovoltaic system to reduct the amount of

electricity consumption.

(3) LCC & LCCO: analysis on economic and environmental evaluation

The research team consider to apply additional photovoltaic systems to make an
improvement of the 15 energy saving scenarios for achievement of electricity
CERT(23.0%). Among these various scenarios for improving, it is important to
select the most outstanding scenario considering the cost-effectiveness. Therefore,

we accomplished LCC & LCCO: analysis on economic and environmental evaluation.

@® Optimal scenario selection based on economic and environmental
evaluation
Among the 4 energy saving measures, it shows the most electricity saving

effect in the cases of LED lighting or zero standby power outlet. Meanwhile, it
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shows noticeable energy saving effects in the cases of double Low-e

glazing(6mm-12mm-6mm) or condensing boiler.

@ Scenarios to achieve CERT and draw an optimal improving scenario based
on analysis of economic and environmental evaluation

It 1s analyzed to product 146,026kWh of electricity on the years by applying
photovoltaic system in the whole rooftop of the standard multi—-family housing
complex(1,245m2) that substitute the 159% of all electricity consumption
(919,431kWh). Through the LCC & LCCO; analysis on economic and
environmental evaluation, it turned out the only scenario that achieves the
CERT for electricity and gas energy is #12(with photovoltaic system). In
addition, because this scenario’s NPV(US$ 1,061,410) is No. 2 and SIR4(2.93) is
No. 3, it turned out that the scenario #12(with photovoltaic system) is
outstanding in the manner of NPVy and SIRs. Therefore, #12(with photovoltaic
system) is decided as an optimal improving scenario to achieve CERT of the

standard multi—family housing complex.

Portion of - repair and | Life cycle | Korean NPV40 SIR40
netevelial Initial | t certified
Scenario [DTOUSYRIENS cost feplEesmeny - Euliesy emission
system cost cost 2 cost
in CERT (KRW) (KRW) (KRW) re(duch?n (KRW) Rank|value|Rank
KRW

Scen. #5 (Low-e
double glazing & LED)| 15.7% | 330.796.304 | 145317.624 [1,316300486| 44452018 | 87563577 | 6 |2.81| 5
+ PV
Scen. #11 (Low-e
double glazing & LED
& outlet)

+ PV
Scen. #12 (Low-e
double glazing & LED
& condensing boiler)
+ PV
Scen. #13 (Low-e
double glazing & outlet
& condensing boiler)
+ PV
Scen. #14 (LED &
outlet & condensing
boiler)
+ PV
Scen. #15 (Low-e
double glazing & LED
& outlet & condensing 1.8% 250,141,325 | 32,597,774 |1,827,806827| 41,882,025 (1,288086753| 1 |3.21| 1
boiler)
+ PV

1.8% 19,201,165 | 241,911,102 |1,288525,571| 31,768217 | 8/9001.521 | 5 |2.99| 2

16.7% | 30646464 | 226,0042%6 |1,7782%6,918| 53115154 |1,26761,313| 2 [2.93| 3

9.1% 200,920,378 | 37285179 |1,762,6/5,341| 46,740,8% |1,166611,6/0| 3 [2.81| 4

1.7% 219,863,680 | 304,480,306 [1,4086155%4| B934 | N82M4923 | 4 |2.75| 6
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6. Decision Support Model for the improvement of multi-family

housing project of macroscopic point of view

(1) Selection of representative complex using apartment type breakdown

structure(ATBS)

® Selection of standard multi-family housing complex

In order to set the direction for investment in multi-family housing
improvement projects, we applied a variety of reports and evaluated the
effectiveness;, however it is impossible to perform the analysis targeting the whole
multi-family housing complex. Thus, we selected a specific multi-family housing
complex to analysis the case of seven communities which are made up the
classification system developed through first year research.

@ Make an energy model of standard multi-family housing complex

When establishing an energy model of the complex selected as representative,
we analyzed the control variable only depending on the area of household.
Standard energy model of each complex were made by entering these data. As in
section 4, standard energy model were made by using DesignBuilder v3.0, and we

validated the validity through CV(RMSE) values.

(2) Energy saving scenario analysis through energy simulation

® Composition of energy saving scenario

When selecting a single complex improvement plan, take only three
plan(power-down outlet, LED lighting and solar power) which are directly related
to power consumption. Through a combination of these plan, we established seven

kinds energy saving scenario.

® Environmental and economic assessment for improvement scenarios of

each complex
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1) Environmental Assessment

In the cases of improving energy efficiency through environment improvement
projects in the apartments of environmental aspects, energy usage, area per
household, and etc. should be considered when selecting the optimal scenario. In
this case, scenario # 3 (LED Application) appeared to be the best scenario among
energy saving plan. From environmental perspective, scenario # 7 (off standby
power outlet, LED, PV system) appeared to be the best scenario which applied

two energy-saving plans and PV system.

2) Economic assessment

National policy project such as residential environment improvement should
consider not only the energy savings, but also a rational allocation of limited
budget. Therefore, life cycle cost perspective index such as net present
value(NPV), saving to investment ratio(SIR) and break-even point(BEP) should be
considered along with energy savings and initial investment costs.

scenarios # 7 which applied off standby power outlet, LED lighting and PV
system to the basic energy model appeared to have positive NPV value, greater
SIR4 value than 1, BEP value within 40 years. When analyzed in terms of area
per household, scenario # 1 has the characteristics of all three scenarios, scenario
# 7 (off standby power outlet), scenario # 2 (LED lighting), and scenario # 4 (PV
system), energy consumption is in inverse proportion to the area per household. In
other words, the smaller the area per household, the bigger the potential of
energy—saving effect by applying scenario # 7. In addition, even though same
amount of energy is produced by PV system, energy-saving effect is greater
where more energy consumption occurs. Therefore, SIR(2.95) of S complex

appeared to be better than that(1.68) of G complex.

(3) Derivation of optimal investment scenario for the achievement of National

Carbon Emission Reduction Target(CERT)
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® Analysis of energy usage trend

The Korean government aims to meet Carbon Emission Reduction
Target(CERT) of 30% relative to a Business-As-Usual(BAU) baseline by 2020,
and Carbon Emission Reduction Target(CERT) of 26.9% for buildings. These
target values are relative values. However, to establish specific action plans for
carbon emission reduction in present point(2012), absolute values should be
identified in future point(2020). energy-saving effect of the cases that applies
specific action plans(energy-saving plans and new renewable energy system
scenarios) for carbon emission reduction in present point(2012) can be analyzed

and energy consumption trend will be re-analyzed as a next step.

@ Decision—-making system for selecting optimal mproved scenario

In this study, three objective parameters(initial investment cost minimization,
NPV maximization, SIR maximization) were considered for the optimization.
Therefore, a total of 6,291,456 (2,097,152 x 3 = 6,291,456) scenarios should be
analyzed as a result. Thus, systemization of optimization process is necessary and
decision—-support system was developed to select the optimal scenario by

introducing the concept of genetic algorithms.

® decision-making for achievement of National Carbon Emission Reduction
Target(CERT) in improvement of multi-family housing

The Korean government aims to meet Carbon Emission Reduction
Target(CERT) of 26.9% for buildings, relative to a Business-As-Usual(BAU)
baseline by 2020. Optimal scenario to achieve Carbon Emission Reduction
Target(CERT) was derived by applying various improvement scenarios for carbon
emission reduction in present point(2012). It is possible to suggest investment
scenario which achieved Carbon Emission Reduction Target(CERT) of 26.9% for
buildings by setting three objective parameters(initial investment cost minimization,

NPV maximization, SIR maximization).
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7. Optimization Model for Selecting the Optimal Scenario of New

Renewable Energy System

(1) Basic data survey

Standard multi-family housing was selected as a target facilitiy which PV
system will be applied, and information of target facility was collected. In addition,
through market research on PV system, detailed information of solar panels and
inverters were gathered. This information are used as basic data for generating

scenarios of the PV system adoption.

(2) Multi-objective optimization method

® Pareto front and the optimal solution set

When the objective function of A, B, and C is the initial investment, the
breakeven point (BEP), energy production, respectively, the closer the objective
function of A(initial investment) and B(BEP) gets to the minimum value, and the
closer the objective function of C(energy production benefits) gets to the

maximum value, it is determined to be optimized.

(3) Optimization model for selecting the optimal scenario of photovoltaic

system

® PV system optimization model framework

The research team suggests the optimized design model for photovoltaic system
that analyze all possible scenario in the process of introducing the photovoltaic
system. This model utilize ‘RETScreen’ for producing the input values of new &
renewable energy simulation. As a result, this model calculate the amount of
electricity production. The calculation results are utilized as input values for LCC
and LCCOZ analysis, it can be compute the indicators like Net Present

Value(NPV), Saving to Investment Ratio(SIR), and Break Even Point(BEP). In
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addition, the results are utilized as input values for model, and finally the

optimized design alternative is produced as satisfying the criteria of the fitness

function. In this research, Genetic algorithm is used to develop a integrated design

model for a series of these processes.

® Optimal variable of GA(Genetic Algorithm)

Target variable : Initial cost, electricity output benefit, net present

value(NPV), saving to investment ratio(SIR), breaking even point(BEP).

Control variable : Type of panel(ToP), Type of inverter(Tol), Number
of panel(NoP), Slope of panel(SoP), optimal objective functionl(EPB)
weightingl, optimal objective function2(NPV) weighting?, optimal
objective3(SIR) weighting3.

Constraint condition: Budget limit, applicable area limit, target

electricity output limit

® Optimal design model of Solar radiation system

Renewable energy simulation program ‘RETScreen’, genetic algorithm tool

‘Evolver’, LCC and LCCO: analysis tools, such as multi-objective optimization

process program has been applied in combination. Thus, by integrating these

processes, the usability, reliability, and precision for the proposed model in this

study should be improved. To this end, a program based on EXCEL VBA(Visual

Basic for Application)were used.
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Cenetic Algorithm

ptimal Scen

Classification Value te
= Zmin Standardized Valuel Variable Selection
Optimization Goal 0.5319 Weight
[ Initial Investment Cost 249703740 60646658 03713 o FALSE
Elsctricity Produstion Bensfit Maccim ation 1 924434532 509,453,701 04062 1 TRUE
Taczat Valoe
Net Brasent Valu= (NBV) Mazcim aion 100 479764622 320425048 28580 1 TRUE
Saving-to-Invastment Ratio (SIR) Mezcimizasion: 2898 1703 05101 1 TRUE
O BresicEven-Point (BEF) R 1.00 1 4 04286 ) FALSE
ToP: Typs of Panel 4 ] 1 4 LCC & LCCO2 Analysis Results (NPV): PV system
Tol: Type of Inverter £ 1 19
Adjustatle B -
SoP: Slopa of Panal ) bl 60
Mo the Number of Pansts 1 1000
Construction Cost (won) 261,904.500 Maxitmin Bodgat 400,000,000 ‘ [ [
Chisteints Appliczble Area (M2) ]‘m -0 000000 -200,000.000 = 200.200,000 400,000,000 600,000,000 200,000,000
Electrieity Production (5VE) 85.470 Turgst Production o Toitial Tovestment Cost wReplacomsnt Cost  #Repsi Cost = Elscoricisy Brociuction Benefit
(6.1} )
0.95 . 085
= 17 : = 1 g
g i ! 5 1 3
Y 1 1 3 1 s
3 3 ’ 3
3 em g 1 2 e 1 3
3 ! ! b 1 b
3 1 ) g 1 g
Z 1 1 § 1 é
£ ooss [ t B oo £
3 | : s :
1 3 1 3
I ! I
oss : & oms &
| | -
1 | S 1 =
1 ! 1
015 T . 01s T T A = 5
<|>m. a 6{;@ c')ro. ] ér;, o
o:08) t . . . . {o.0s) t +
{008) 018 G35 fel-] o758 ¢85 (0.05) c1s 035 055 035 (o058} €15 C35 C55 C7s css
Electricity Production Benefit Electricity Production Benefit Net Present Value (NPV)

(4) Case study for model validation

® Result of optimization

Through the 3 graphs, the red marked No. 1 scenario is more closer to the

coordinate compared with the no. 18 scenario.




Fitness Optimizgtion Optimizgtion Optimizgtion
Rank ToP Tol SoP NoP function obJeF:Uve objef:tlve objegtlve
function 1 function 2 function 3
1 24 6 33 407 0.5319 0.4062 0.8580 0.3101
2 24 6 33 408 0.5319 0.4081 0.8573 0.3087
3 24 6 32 410 0.5319 0.4118 0.8560 0.3058
4 24 6 32 402 0.5319 0.3969 0.8612 0.3175
5 24 6 32 405 0.5319 0.4025 0.8592 0.3131
6 22 6 32 392 0.5319 0.4221 0.8524 0.2979
7 24 6 32 417 0.5319 0.4248 0.8514 0.2958
8 24 6 31 413 0.5320 0.4172 0.8538 0.3014
9 23 6 29 434 0.5326 0.4434 0.8428 0.2813
10 24 6 29 458 0.5334 0.5000 0.8229 0.2435
1A 12 19 24 289 0.5561 0.2435 0.8464 0.4241
12 28 12 31 351 0.5649 0.2989 0.7968 0.3486
13 27 13 31 360 0.5651 0.3061 0.7932 0.3414
14 27 13 31 370 0.5657 0.3243 0.7840 0.3240
15 29 13 30 409 0.5700 0.4165 0.7370 0.2484
16 47 14 29 190 0.5701 0.0408 0.9255 0.7777
17 28 13 30 433 0.5719 0.4501 0.7201 0.2252
18 30 14 29 458 0.5770 0.5198 0.6839 0.1825

@ Result of LCC & LCCO2 analysis

In case of applying the No. 1 optimized scenario, the life cycle benefit is
737,407672KRW, NPV40 is 457,134,745KRW, and SIR40 is 2.631. All of 3 kinds of
optimization objective function shows the remarkable result. In addition, because
the BEP occurs in 7th year, the additional initial cost can be withdrawable in 7

years.

8. Green Building Policies and Incentives Plan

(1) Domestic and foreign green building policy

® Green building policy in Korea

There are some policies of Korea; (i) green building certification system, (ii)



Housing Performance Grade Indication System, (iii) building energy efficiency
rating system, (iv) the construction of environmentally friendly housing standards
and performance. However, legal force is limited to public buildings. In addition,
it 1s difficult to find that institutions and policies relating to energy consumption
on maintenance phase. Because, energy efficiency improvement projects have not

expanded to private buildings.

® Foreign Green building policy
In developed countries including the EU, concerning energy saving and a wide
range and variety of incentives provides motivation for energy performance

improvement projects than Korea. EU countries provide incentives as follows:

e Subsidies for energy performance improvements construction
* Energy efficiency cuts the price of the product

e The tax savings if conducting energy performance improvements

construction

e Low-interest loans if conducting energy performance improvements

construction

e Tax differential pricing according to grade of House EPC (Energy

Performance Certification)

(2) Improvement of national green policies

First, eco—friendly policies and institutions need to integrate. The current policy
of environment-friendly because of the large number of domestic, rather than to
the residents to pursue energy-saving confusion and a loss of time and money is
the focus of the state. Therefore, in order to overcome this, a system organized
specifically by integration, it is nevessary to create a single eco—friendly

standards.



Second, the incentive application range and object need to be extended. Building
standards applicable mitigation and after reviewing the details of ways to expand,

our situation would be necessary to provide appropriate standards.

Third, energy-saving building support for the improvement profect to increase
the size of the subsidy, in the case of buildings made to improve performance that
occurs after the tax as a multi—-demensional reduction tax benefits are considered

to be essential.

V. Utilization Plan of R&D Results

In this study, analysis on current situation and improvement measures for
apartments, establishment of energy saving measure pools adoptable to
apartments, development of apartment type breakdown structure, development of
an decision support model for improvement of multi-family housing apartments,
development of an decision-making process of an optimum improvement scheme
from apartment complex targets for improvement, development of an decision
support model for the improvement of multi-family housing project of macroscopic
point of view, development of optimization model for selecting the optimal scenario
of new renewable energy system, and proposing improvements for the system of
building energy efficiency were conducted. The plan for practical use of the result

are as follows.

1. Retrieval Model for Similar Complex Based on Energy Consumption

(1) Applicable Field and Plan

The advanced CBR model that compare and evaluate the energy consumption
can be utilized as (i) decision support model for improvement project of apartment
complex (i) prediction model of energy consumption based on project

characteristics.



(2) Additional Research
Considering the user—friendliness and serviceability, it is required to redevelop
the interface of excel model and convert to web-based system or smart device

based application.

(3) Commercialization Plan

The decision support model for improvement project of apartment complex
should be accompanied with some supporting policies in the national level. On the
other hand, the prediction model of energy consumption based on project
characteristics 1s possible to be commercialized and transferred reflecting demands

of private enterprises(e.g. CM company, design firm, construction company).

2. Integrated Optimization Model Based on LCC and LCCO2 Analysis

(1) Applicable Field and Plan

Following 3 models would be included the integrated model.

(i) optimal energy saving scenario selection model based on LCC & LCCOq
(ii) optimization model for renewable energy based on LCC & LCCO:

(iii) budget optimization model for improvement project based on LCC & LCCO;

Above 3 models available after the improvement is already fixed to go will be
completely developed during the second research year. In addition, the integrated

model including all of these 3 models will be developed either.

(2) Additional Research

Considering the user—friendliness and serviceability, it is required to redevelop
the interface of excel model and convert to web—based system or smart device
based application.

(3) Commercialization Plan

- liv -



The optimal energy saving scenario selection model based on LCC & LCCO: is
already developed and a patent has been applied. Additional research is being
conducted by a service contract with a private enterprise(CM company).
optimization model for renewable energy based on LCC & LCCO- and the budget
optimization model for improvement project based on LCC & LCCO; are also
possible to be commercialized and transferred with relation to the optimal energy
saving scenario selection model and reflection of demands of private

enterprises(e.g. CM company, design firm, construction company).

_Iv_
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=22t (Median) 10.20 9.75 8.56 9.42 11.22 | 10.42 | 10.41 10.45
£ 818t (Mode) 10.20 9.75 8.56 9.39 10.84 | 10.21 10.41 10.14
HEEEHXI
(Standard Deviation) 1.52 1.17 2.17 2.15 1.33 1.04 0.82 1.09
= &H(Variance) 2.30 1.36 4.72 4.63 1.78 1.09 0.67 1.18
9 & (Skewness) 0.00 0.00 0.00 (0.00436| 1.14 |0.6715| 0.00 1.14
& & (Kurtosis) 4.20 4.20 4.20 3.00 5.40 3.81 4.20 5.40
385 Values Freguency View 345 Displayed 36 Values Frequency View 36 Displayed
Comparison Chart Comparison Chart
2/ /]
%y il 3
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550 660 770 880 99 HO00 1210 1320 1430 700 8.00 9.60 10.00 11.00 12:00
W Fit1: Logistic[T] Data valugs | W Fit#1; Logistic[T] Dats values |

[O8 3-2-14] JtAMUX AL M= [1O8 3-2-15] JFAMUX AMEE leafl

35Vzlues Frequency View 34 Displayed 48 Values Frequency View 43 Displaysd
Comparison Chart Comparison Chart
2Lz [ 3 y /] / f
/ 1 x 74 7
. | fl i3 0.08 1 7 3
T / a a
2 0064 | r{ﬂ — 15 2 ol f 2 25
T gl || (B Std Dev = 1074 ) = 1 Std Dev =11.59 =
L i blezn= .5 j ! 18 8 o s bizn -3 23 et I 11
£ 1} £ 0
0 ooz 00 4
000 T T 000 ; T T
800 8.00 10.00 1200 1400 550 660 770 880 990 160 1218 1320
.Fit#1 Lng\sticDData values ‘ ‘ .F\tM:Lognorma\DDat& values |

[0 3-2-16] AWK MEE leaf2  [1OZ 3-2-17] AWK MEE leafl
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37 Values Freguency View 37 Displayed T2 \Vzlues Frequency View 71 Displayed
Comparison Chart Comparison Chart
a Na / : ;
aldl 4 '3 i g
5, 0084 d P > 008 A | 2
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o B e (=i el 73 =
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] o
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| B Fit#1: Max Extreme ] Dats values ‘ ‘ W Fit#1: Lognormal[] Data values |

[O8 3-2-18] JtA0UX ALEE leaf4 [1OZ 3-2-19] JFAMUXI MEE leafb

45 Values Fregquenicy View 48 Displayed T7 Velues Frequency View 75 Displayed
Comparison Chart Comparison Chart
8
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4 3 t r 5
o v o
2 ;5 ., 0093 rﬂ £ -
5 & 3 4 / i Sk Dev =11 3
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G 006 A
o o 2 ‘Q
i ean = 10.63
i 0 2
& om 0
8.00 850 9.00 950 1000 1050 1180 1150 000
9.00 160.60 11.00 1200 1300
.Fittﬂ Lug\sticDDatﬂ values ‘
‘ . Fit#1: Max Ex(ramaD Data values |
| Next>> I | Accept ] ‘ Cancel | I Help ‘
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<H 3-2-08> Xge X AFHEE MCS 2 1t

T All Leaf 1 Leaf 2 Leaf 3 Leaf 4 Leaf 5
NEZdold &2(3l) 5,000 5,000 5,000 5,000 5,000 5,000
=7 (Mean) 101.34 127.59 89.45 73.68 110.37 95.27
= 2t gt (Median) 99.25 125.97 89.45 73.38 110.37 95.27
%812t (Mode) 95.17 122.43 89.45 72.09 110.37 95.27
HEEHI
(Standard Deviation) 25.76 19.18 19.06 14.78 21.19 14.43
=2 4H(Variance) 663.50 367.97 363.41 218.46 449,22 208.17
9l &= (Skewness) 0.4997 0.4692 0.00 0.0784 0.00 0.00
& & (Kurtosis) 3.45 2.99 4.20 2.18 4.20 4.20
252 Vslues Frequency View 289 Displayed B0 Values Freguency View 58 Displayed
Comparison Chart Comparison Chart
2 Wi /| /I 5
m i
53 008 r 4+ 8
2 = & P 5
= 128 = A 10
3 3 B oo | (4 i 516 Dey - 14677 3
g 52| |3 hwﬂ 18
E ] [',_9 003 e 47 [}
Ll d 000 :
600D 8OO 10000 12000 14000 1000 10000 12000 140,00 160,00 13000
|mFit#1 LognormalDDatﬁw\ues
(08 3-2-22] XLt GIUX AHEZ H= [D8 3-2-23] XLt WX AF=2EF leafl
83 Values Frequency View 7 Displeyed 45Values Frequency View 45 Displayed
Comparison Chart Comparison Chart
A ' Az / 1
016 — '[ / ? g} 5, D08 A ; Jﬁf ( 2 jég
2o BE 3 o0 A | B sine—ms 3
z P 3 | can— 1260 JUE L L
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o o g
0 004 0
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87 Values Frequenicy View 86 Displayed 51 Values Frequency View 51 Displayed
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(4) 27 o748 WY (Tolerance Range of Cross Range between MRA
and ANN, TRCRMA)

B Aol AbdEee] dEAgE FEe 6, AR % A8
Mg g3 c5d daE 243 269 NS Aesad s
max {1’1’111’1 (PRA[RA)7 min (PRANN)}S CRMA < min{maX(PRMRA),maX(PRANAY)} ———————————— (6)

CRMA : TF&- 319134 (MRA) 3+ Q1842173 W4 (ANN) & 58l Lk ol 54t e] aah14k

AHe Ade 4 62 Faotel AgHrh Py WL dFHARAY AT
AGEAe Fo U dSgke] mATe od EEaA Ak & AFAE @

A7 £ 98], MRAR DY ANNED o =W wx77HCross Range
between the predicted values of the MRA and ANN model, CRMA)©¢]2}= uf 7}
A8 Agsa. 48, wAgge Wk AN Fe g9o agE 3,
gejgel ou7t a8 5k webd B ATl CRMAY 23 gol ol
HAE Fostrl 98, wA ofFE& Wel(Tolerance Range of CRMA,
TRCRMA)zH= w72 A8kl o &Al CRMACl o f#7F Fold Wels

CRMA=x 2har Agolatlal, thao 4 (7)ol ofs] A==t

min(CRMA) < (1— TR%?M) < CRMA" < max(CRMA) < (1+ TR%}EAM) (7)

TRCRMA : 32770
CRMA : -804 & mAb7-3k

A719] 2 (6)ol= PRwra®t PRann©] E3FE o] Qdt}. o]efgh W4
A3 ANNel oJ& 38 ghol ea-&o] A4 WHZ A€t PRMRAS
PRANN=> 7247} oh5-9] 2] (8)3 (9)ol ¢f3f Ab=H .

SE}?;UH,A SER'IJHA
100 ) = PR\IRA = PVVRA X (1+ 100 ) (8)

PVMRA X (1_
PRy MRAR D59

PVypy : MRARE o 53k
SER, 4 @ MRAR A EFQ A&
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<H 3-3-02> U4 X & ez Sol X3 Atd &©X2 E4
= 04 & CF =
e R Il N L i A B A Il vt [P o
HS = =5 (m*) ST = () Ete) | 28 N EIP (KWh/ ) (%)
Al
Ei;l 110 | =& 11 26,581 3 19 260 102.23 =% | 2 | Hg = 48.63 =
A3lE o - -
INET 120 | =& 10 29,244 4 18 300 97.48 22k | &8 | e | 0.9765 46.76 96.16
xal e - oo | oa
Al 2 109 | =& 11 28,432 2 17 289 98.38 =22k | &8 | HE | 0.9713 46.42 95.45
23 o - - =
Al 3 115 | =& 13 25,090 3 17 259 96.87 =2k | &8 | HE | 0.9709 47.06 96.77
L - o | 2o
A2 4 121 e 11 21,223 2 21 216 98.25 =2 | & | e | 0.9699 46.09 94.78
X3 & _
A 5 119 | =& 13 29,765 2 16 290 102.64 | 22 | &8 | HE | 0.9624 44.64 91.80
F= e 0.9702 46.19 94.99
R MY NS
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.00 (96.16%) (96.77%)
(95.45%) 47.06
47.00 L —— i —— - }_!LH xl + 47.06
_— i P i O — 3K 4619
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45.00 44.64
- - . connnens F| A K| 1 44.64
44.00
43.00
42.00
CHArhx] =3 AR =S|§ Alef] =S|E AR =3E AR =SE AR
i 2 3 4 5
[08 3-3-03] === |A AHHIES HAEG M2 Al22F HlW
9 ade i dAe 23E FAREIESY WA dEY ASES gz
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577.91
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1-2. Esablishment of
CERT using advanced CER
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! 1. Analysis af EST effect
! fosr mvselti-firnmily 3.2 Formation of EST
H
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housing complex scemarios for application

valuation
Ou]‘gn{ﬂ[ﬂu,

T Exceliel

Life Cycle
Anabywin

’ | . 4-2. Evaluation of
-1, -kev elements of

Ay ap i dmpravement in terms of
LOC and LOCO, analysis

LOC and LCCO,

AR, &7 A dhEF FS5HE(CERT)E FHs7] A 7Ivks =
et 4 B4 gidez 883 37 Y dAE AA4sta, & doA &
Mt 578 FHEFAA Y advanced CBR 228 &85l g F5+¢
Ao e gAvjEEF S5 E(CERT)E FHH

A, B FE5FY dAo] 3 7E oyx ndS FE=3 M EFE TE
FE Gxo AxEW 9 AMAE FAsta, olF &&ste, 7] dyA Rds
T3 5 nFYEs 3 E3 53] (American Society of Heating, Refrigerating and

Air Conditioning Engineers, ASHRAE)2] CV(RMSE) 7]+S % &3}o], 7] & oy
A 2dol gdds HFeh

AR, 5 579 dAo g3 Max s A&t olyA d3 =nd
= TEIY 4 ZF TETY Ao A& Jhed oduA Az wekE Adst
i, ol & &gt tge MAAUEE FHIT tgoR 7 oyA Edo
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A ¢] CERT

|~
Ede A4 AdAdEes

=
=

AAlskar, o

o)
=0

0

~

E 3 (CERT) ¥

3. i @A AA

g &3 A4

N

R

N

BN

R

E
=

= 771

<E 3-4-01>2
=2 ok 9l =371, A

2010

-
R

0]
PN

b BT A A of

TN

ol | #

d 1dzke) oy A AMEF HlolHE

71 4l

1 21 (3-4-01), (3-4-02)

9|

(3-4-01)

2~
T

0 2010%

0.471(tCO»/MWh)

(3-4-02)

(tCO,/tC) < 7+ 2= A&7 (m?)

0.000942(TOE/m?) % 0.637(tC/ T OF) % %

7) AUAAAATY (2011). 20119 E AV RA Z2ZAF B IarA], 22 72 A 52

A7t~ vl E A S, http//www.kpx.orkr, 2012. 07. 23.

EEE R

8) d#H AL,
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0.000942(TOE/m”) : ®AI7F~9] A &3kalbr|d(sudd 2h)9)

0.637(tC/TOE) : Z=A|7kA=9] IPCC HaujEA|4210

%(tCOz/tC) IS L PYIEP RSPy

<H 3-4-01> XEY HER2 UK AHEZ L OlASHENA BiEZ (20104)

o B M A2Y JA AR | 0|ASIEIA HYE M%il}eiai
A= (km?) (MWh) (1,000m®) (tCO») ol féa Ejkr:ﬂ)g
N2 | 605.50 13,306,931 2,951,798 12,502,268 20,647.8
Sab | 759.87 4,585,253 668,844 3,531,180 4,647 1
i | 885.61 3,063,354 521,826 2,526,376 2,852.7
oI A 964.53 3,378,764 780,239 3,043,033 3,362.3
2= | 501.44 1,748,350 306,651 1,461,572 2.914.8
A 539.83 1,802,903 386,100 1,663,041 3,080.7
SAF | 1,056.29 1,392,706 308,309 1,307,092 1,237.4
ZIl | 10,135.21 | 14,141,346 2,971,134 12,916,516 1,074.4
22 | 16,571.83 1,861,094 167,426 1,201,185 72.5
== | 7,431.69 1,843,962 169,765 1,198,782 161.3
= | 8,586.44 2,470,373 240,150 1,634,378 190.3
M= | 8,050.07 2,047,579 255,900 1,570,416 195.1
Mot | 11,986.97 | 2,227,126 151,970 1,329,510 110.9
Z= | 19,023.69 | 3,158,926 342,430 2,168,752 114.0
Zo | 10,515.49 | 3,980,595 342,855 2,535,151 2411
M= | 1,846.29 626,198 4,340 288,192 156.1
A | 99,460.75 | 61,835,460 10,569,737 51,077,445 513.5

oo
1o
N
M
g3
=
L)
=5
N

<3 3-4-01>& #Fa, o
O & dFolA =59 2= 4848

s7] Slstel, @A AD ol wiE

s
tCOykm?) el AAS FEFE UXE 17 FE558 gx =2

JA3 oA 7]EH Al&rE A 5% 18 Ay Xx dF 32k 7]
10) oYX #e] 3, IPCC &4 & A4 http://co2.kemco.or.kr, 2012.07.23

FX
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MIA g A FAY AHE AFFORA, AAFAS B3 DYsFu 3

S
T (cluster)= Fpotalf & Ad, A 9l 7fx ARRF 7|6 EFE FEERFA
A zZtzbol A, leaf 1 2 leaf 4] T3 HE Aoz BEAHJTH<E 3-4-03>, <
3-4-04> #*%). T3k advanced CBR Rd& &83to] S 2L

£ 7174 3 CERTE 9tttk <F 3-4-05>9F o] S @x|o] wWAgF A
2 A2 2H(86.10 kWh/m*) ol thated, 23.0%2] CERT7F & AL, <3
ol WA 7px ALg#(14.32 mY/m’)el el M= 27.9%2] CERTe] 4 H 5 St}

<H 34-03> &8 AMEFE JIE 28 =27 JIE
BEY A 25 JI=

23

(| f) EI'I| —)vk— /\"g%t k“EHCl' o & D:Ij}L_qA j),|.a“j| I:ij|.D:|X-|
ea (kWh/m2) S a5 3 U et F U EaH
1 202 52.63 X1<79.88 all all

2 292 48.74 79.88 = Xi<113.50 Xo<7.5 all

3 271 46.73 79.88 = X<102.67 Xo= 7.5 X3<51,253.5
4 217 45.05 102.67 < X;<113.50 Xo= 7.5 X3<51,253.5
5 236 43.71 79.88 = X;<113.50 Xo= 7.5 Xs= 51,253.5
6 221 44.05 Xy= 113.50 X2<9.5 all

7 225 41.14 Xy= 113.50 Xo= 9.5 all

<E 3-4-04> DtA ABY DI 2F 2R JIE

27 Bleer s 22 J1E
o | R NE
Jeetd) (/) AOE &= (m) e s+
1 36 9.68 113.16 < x < 123.22 all all
2 35 8.61 X > 123.22 all all
3 49 9.43 x < 113.16 EEN al
4 37 11.43 x < 101.21 S al
5 72 10.53 101.21 < x < 113.16 H EHA all
6 49 10.09 X < 113.16 =g 2& 0I5
7 77 10.63 x < 113.16 =1 28 Z=1l
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L BEFE Ao Ao, 7t Al AFAe] Aswd wel oliA AL %
Aol gepAmw, ARA FEe AHas] ok ol weh AFel oy
g dge B fd gREe] dgATAE Fr AFxA oEan
oItk W2, e, AEzAte] A4S HolH £7e Sl we wg Aol

9wk olel, AP Hg 9 Pl E #A7 ek

AL RIAE 200000 A REZAE Fd, AFEe] ), TFE, A9, A
Sol mE ouA A8 EAARE ATeM, 4177 nEE 9 A4 A
zuldE A ATEIAE 40000 Ao FREAE Ed, FEFY] TR o
A w2 AdAFE] Wit AHEAIZE 2ude Sol
ahol, ©el At AFA oA A}

al
Fu gx, S gxe] JE oux BY 5L ¢8 Bt of

11) Tso, G., Yau, K. (2007). “Predicting electricity energy consumption: a comparison of

regression analysis, decision tree and neural networks.” Energy 32(9), 1761-8.
12) Ouyang, J., Hokao, K. (2009). “Energy-saving potential by improving occupants’ behavior in

urban residential sector in Hangzhou City, China.” Energy and Buildings 41(7), 711-720.
13) Lopes, L., Hokoi, S., Miura, H., Shuhei, K. (2005). “Energy efficiency and energy savings in

Japanese residential buildings - research methodology and surveyed results.” Energy and

Buildings 37(7), 698-706.
14) Wood, G., Newborough, M. (2005). “Dynamic energy-consumption indicators for domestic

appliances : environment, behaviour and design.” Energy and Buildings 35(8), 821-841.
15) gh=r AH A A (2011). 2011 7FA 717 BRag 2 7HA S A v A A3 RaA,

@3 A A&
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<H 3-4-07> J|2 Al 2€ 2=0 2Se MUE IS ALE OI0lE

- ST SEL oo
JFE I o | AUEE B2 | NBR | MEAR | st
=== | o (h2h) (kWh)
HED 1.00 70.0 30.0 1,440 8,760.0 3,197.4
HIgE(EESE) 0.93 100.7 26.7 869 5,286.4 1,929.5
HIIEHE(FIALE) 0.93 1,015.0 25.7 84 206.0 75.2
AXHED 0.30 27.0 30.0 1,440 8,760.0 3,197.4
TV 1.03 137.0 30.0 300 1,825.0 666.1
=Pl 0.28 42.0 30.0 600 3,650.0 1,332.3
e 0.51 195.6 26.6 148 900.3 328.6
HICI 2 0.28 21.9 8.4 146 888.2 324.2
ENETED) 4.00 36.0 30.0 300 | 1.825.0 666. 1
xe (=) .00 60.0 30.0 300 | 1.825.0 666. 1
X H(s &) 1.00 36.0 30.0 120 730.0 266.5
MO0l ™ 0.29 800.0 30.0 60 365.0 133.2
MIE D] 0.96 305.5 15.1 86 523.2 191.0
FSPNY=KIPN 0.80 1,171.6 17.5 18 109.5 40.0
EAED] 0.22 850.0 30.0 20 121.7 44.4
HIOZE 0.43 500.0 30.0 20 121.7 44.4
PRI 0.583 250.0 30.0 30 182.5 66.6
SBISE 0.89 | 1.123.4 9.1 25 15.0 50.2
LS 0.87 1,125.0 19.6 32 128.0 145.6
=0 .19 50.0 30.0 300 593.0 216.4
S| & B 0.60 150.0 30.0 720 1,095.0 399.7
Ol Of 24 0.17 1,800.0 30.0 360 206.0 75.2

S wAe A% =W W ADGA, we) AuE AR oluA ALg FA dolE
g goR dhol, A% 2AF % Al A% F JAPRE B8 oUX R

S AASAT old A AlE# ol dodl= ool A e =219l DesignBuilder
v3.0& 2833, AEHA 7]z 20113 192 H 1297449 1dez 443
A

AdA AlEdold Axel w3k BFAES HAFst7] Ak, nxdEee ot
(American Society of Heating, Refrigerating and Air-Conditioning Engineers,
ASHRAE)o Al Al&ste= o= oxk gAIM$], 5 Coefficient of Variation of
the Root Mean Square Error(CV(RMSE)E &-&3}3th 4 (3-4-03)& &85t
CV(RMSE)E 2t=3dtsiew, 1 gto] 25% ol 47, oldAl AlEwolid Ao
gk B Aol SEE Aoz FrhsivHo

16) American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE).
2002. ASHRAE guideline 14-2002. Atlanta: ASHRAE.
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Y (AEC - SO % —
CV(RMSE) = -—— % 100 (3-4-03)
M AEC, % %

i=1

CV(RMSE) : Coefficient of variation of the root mean square error
AEC; @ AA YA AME=F dlolH
SEC; : AlEHlA A} olYX] A7

n o HelH ¢ (¥ )

<HE 3-4-08> CV(RMSE) of basic-energy-model by energy source

5 M3 (kwh) PENG
NS NEETE IS NEETNEE
1 71,491 74,787 25,543 26,022
2 70,192 67,566 16,537 16,788
3 60,712 74,829 17,325 19,902
4 66,820 72,380 9,845 10,212
5 67,895 74,787 6,640 4,542
6 72,608 72,422 4,902 4,395
7 77,672 92,892 4,836 4,548
8 85,564 95,372 3,064 4,551
9 79,162 72,401 7,573 8,351
10 71,482 74,787 10,936 10,989
11 74,586 72,401 15,726 15,489
12 75,762 74,808 22,438 21,794
CV(RMSE) 10.38% 9.67%

<HE 34-08> S Ao AA AH 2 sha Ag gy AEeeld dvke] A
AolZ AAG® Folth A R sha ALgHel U@ CVRMSE) #3% 27
10.38%, 9.67%= YEIY 2} AL E ol

ooy x] o] o] strE Ao ddsdtt

Py
o
fu
4
1
it}
2
£
=)
)
2o
N

5. AU A7 2d 75

o AUA g Fg B

S wAY F A oUANE AF @ mAbxelT AFE AAAE, 29 2
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Yrkol AREH AL, EAZEAE B B F Rl ARSETH. S @A el EA s o3t
&

et WEES THHeR HUhety] fsko], 4 (3-4-01) B (3-4-02)°] whet A
g g Ut AMSForRE A E oistE s wiEESs AAEsAT ol#A A

=9 Z2A3}E EUE, S @A ojitsterA wjE S A Ed, JHEAE
(45.4%), H'H22.9%), TH(21.7%), £ (7.7%) JH2.3%)2] =M=Z Vel A
2 202 HASHE o4t dlet s WlEFS 554%E AAEE Zo® YEyhal, sha
ZH 2 sk o) atsle s WlE S 446% 2 AA st AoE yEhyt o9 2
S SA A A= o]ibstEh A wEFL ol @ JEA] oy A e AF
Hoe de 9 7bs F 7R oy Al BRI FEE e o
ol# 3t S WA oA Y W olatstebh wjE o] I B A= oux 4
oAeks AdAe] 9% VIEAREE 8T thA] wejA, ZHzbe] oA d3t

gete] ofW oux s AAAEA A tE AbdH HES @A, TS, T

97HA el Azh wgete]l AAEAT 1018, o] FA HA ¥ 971X

hid

U Az Wets S @A9 7] oy REle] Hggomn, 7k Beke] oy A
fex]

17) A&& (2009). “F&Tgol A& 7t5d oux detrje 2 A& gy 247 d5105874
An] g3 R 3(2), 23-28.
18) Hong, T. Kim, H., Kwak, T. (2012). “Energy Saving Techniques for Reducing CO-

Emission in Elementary Schools.” Journal of Management in Engineering 28 (in press).
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LED =4, 7148 Ao ZAE oA Hdy 5 4719 dyx] A7k woks
% A48
<H 3+4-09> &HZJts lUX 22 Zot=2 HUA 22 & OlatstEtAs 2= &1
4D} o D} o D} 2}
oux =2 wer | measey | PINER | oange | HSAER | 00 | L0
(kWh) E:)::E (mS) EDCIE =] :z‘-TE
(%) (%) (tCOy) (%)
12 HUX 2 919,431 - 71,794 - 569 -
2|5 X} oF 919,925 ~0.1% 69,267 3.5% 564 | 0.95%
émm-1 ém%még[”m 920,331 ~0.1% 57,092 20.5% 537 | 5.69%
LED =% 851,227 7.4% 74,993 —4.5% 546 | 4.08%
UPVC T 919,402 0.0% 72,077 ~0.4% 570 | -0.11%
=@ 2y 919,431 0.0% 56,424 21.4% 535 | 6.02%
SRl ooy 919,441 0.0% 71,733 0.1% 569 | 0.02%
FNE 2oy 917,409 0.2% 71,031 1.1% 566 | 0.46%
25 0|=% 917,489 0.2% 70,332 2.0% 565 | 0.72%
oIS X 2ME | 791,071 14.0% 82,028 14.3% | 535 | 6.02%
o ¥F T5THY 9X Y oyx 2@ 24
£E FETY 9AJA S @A CERTE 2437 95k, 4719 24 oyX
A7E woto] AAFAY. ZF oA A7k weke 2 AdFo] = YA ALE
S27b th2n, old wet oux] Azt Edel® o7t WAttt LED =% ¥
f71dE g ZAEE 7z 2 9 JPAAFE AvE e AEE dgAd
A= oy A Azd webolth g 6mm-12mm-6mm EolRFFE B ZHA Bd
= Yk 2 FEo] AdjEE JAE A7AE S s oy A7 wetot)
aAd], 27) o] eoluyA] A7 ks E3lHow HEAE Ag, AAHR oy
A A gy g oyx Ak weke] ouyx] A3 gite] degoez yERY
A= Fevh wghA 4719 24 oy R A7 wWieks &-8-3lo], S wAlo] 83517
A F 15709 olyA A7 AU oS FHEN oW, o]F <F 3-4-10>0] A A|

s
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<H 3-4-10> 404 OIHX 2& &

S
N
il
Ul

S8t 1500 Xl 2& AlLtel2

ol Xl ol Xl X 22 AlLtel2

NEEEZ 2zt #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 |#10|#11|#12|#13|#14|#15
gy | SMOEIZMMEGmm ) o | - - | -l o|o|o|-|-|-|o|lo|lo|-|oO
Eg LED =¥ -lo|-|-|lo|-|-|lo|lo|-|lolo|-|l0o]|oO

IHE A= ng’;ra -/ -]lo|-|-]ol|l-]lo|-]lolo|-]o|lo]oO
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19) Wood, G., Newborough, M. (2005). “Dynamic energy-consumption indicators for domestic

appliances : environment, behaviour and design.” Energy and Buildings 35(8), 821-841.
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[}

20) Hong, T. Koo, C. Kim, H. (2012). “A Decision Support Model for Improving a
Multi-Family Housing Complex based on CO2 Emission from Electricity Consumption.” Journal

of Environmental Management. Accepted Article
21) Hong, T. Koo, C., and Park, S. (2012). “A decision support model for improving a

multi-family housing complex based on CO2 emission from gas energy consumption.” Building

and Environment 52(6),142-151.
22) Kim, J., Hong, T. Koo, C. (2012). “Economic and Environmental Evaluation Model for

Selecting the Optimum Design of Green Roof Systems in Elementary Schools.” Environment
Science & Technology. Accepted Article
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<H 3H4-13> iU X 22 Zete =JIEXHE € =8 W H=D]

- o ZIERHE | 24=)) P DHED
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JjEer | SMMZBMMISMM | 44 298 576 - - 25
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* B UM AIAEO AR ZIIEXHIEY 40%(143,919,840%¥ )= FREX32=Z 3

Y. LCC ¥ LCCO; +A4& Hst 2714 4 AR
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LCC % LCCO; ¥4 A#}+= =A =@ A7 (net present value, NPV)¢} F=}oj
H| 2] & (saving to investment ratio, SIR) 27}A1¢] #Ho|A H7led 4 gt}
NPVE oAdA &8 /WA el Aol 7HAE Alxshs Ax2A, 7] @
Al AMooA HEES A FAE PAARE Fiste] AET F vk (4

(3-4-06) F=x). NPV > 01 4ol /WA el B-Adel e Aoz 1450,

26) v A Bal Tk, dute F 8 2ANY, http://www.energy.or.kr/knrec/12/KNREC120200.asp
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Alel= e ey 15.6%  |300,317.556|127.094,501| 792,201,192 [34,511,188| 399,300,322 | 10 | 1.93 | 11 | 43% | 10
NUe= #8 (=6S) 9.0% |170,744,936|274,047,749| 710,679,806 |26.997.746| 292,884,866 | 12 | 1.66 | 12 | 3.2% | 12
MIE B (§+o§g$ra| < Lo 15.7%  |339,796,304|145,317,624(1,316,300,486|44,452,018| 875,638,577 | 6 | 2.81| 5 | 95% | 6
NUEIZ #6 (=0r3S el & 24S) 9.1%  |210,079,218|292,188,507|1,248,658,061|37,101,935| 783.402.271 | 9 | 256 | 7 | 85% | 9
Alttele #8+(§/D & =4S 1.7%  |160,013,520|223,802.634| 754,281,866 |21,672,378 392,138,001 | 11 | 2.02 | 10 | 4.3% | 11
Atel2 #9+(;5D & Zdd) 15.6%  |360,167,716|207.781,173|1,367,320,504|45,295,236| 844,666,850 | 7 | 2.49 | 8 | 9.2% | 7
NHEI= #10 (SES & S8 9.0%  |230,595,096|354,734,421|1,339,744,350|38,793,970| 793,208,802 | 8 |2.36| 9 | 8.6% | 8
ALl #1T (0S50l & LED & 2dE) 1.8%  [199.291,165/241,911,102|1,288,525,571(31,768,217| 879,091,521 | 5 |2.99 | 2 | 9.6% | 5
| Nume w @OSETA AL EHY | a7 |asmsssetpenconaos]1rezsesigiso s s 205 e tg) 2 [2ss| o |1k | 2
AlLEl= #13 (EO'E?%SVE' & SUE & ZH4) 9.1%  |269,929,378(372.875.1791,762.675.341|46,740,895(1,166.611.679] 3 | 2.81 | 4 |12.7% | 3
MLFEIZ #14 (LED A 2dd) 1.7%  |219.863,680|304.489,306|1,408,615,594/33,942,314| 918,204,923 | 4 |2.75| 6 |10.0% | 4
AlLIEI2 #15 (;ms%ggpa\;; LED & 2HE & 2BI)| | g0, |250,141,305(322,507,774(1,827,893,827|41,882,025/1,288,036,753| 1 | 3.21 | 1 |14.0% | 1
* SAIIA 2EAXN B 12,0008 /t1CO, 28)
* J|&0tol 40E W LCCgte 8D} : 9,182,678,975<

28) oW 9] (2012). “2AVFA FAHAH, ARVE V1SRG Sl B AUy, AAAQAE REAs, 2012.3.29.
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<H 3-5-02> ©Xg & ¥ xH UL
[EPNRE TV 2 ZHH HED HALZ D121 JIE &I HS Zs HIGG
S &K 4.22 2.59 48.30 5.81 4.41
B GHX 3.58 2.20 41.02 4.93 3.75
C =X 3.53 2.17 40.44 4.86 3.69
D ©X 3.16 1.94 36.17 4.35 3.30
E &X 3.07 1.88 35.12 4.23 3.21
F &tXl 3.03 1.86 34.65 4.17 3.16
G ©X 2.61 1.60 29.90 3.60 2.73
olel g dlolE e UM WA A8 olux] RS Ayt 49 g}
ulxk7kA] 2 DesignBuilder v3.0& o] &3t 7|2 dyx] RIS AR om,
CV(RMSE) #< &3 249 348 A5t
Actual electricity consump VS. simul based electricity consumption (A multi-family ing)
‘§‘ 120,000
< 100000
"é 80,000
g 60,000
& 40000 | CVRMSE) = 10.38%
'g 20,000
) [ 17 7 2 1 3 [ 4 [ 5 | 6 | 7 | 8 | 9 | 10 | un [ 1
Actual 71,491 | 70,192 | 60,712 | 66820 | 67,895 | 72,608 | 77,672 | 85564 | 79,162 | 71,482 | 74,586 | 75,762
- = — Simulation| 74,787 | 67,566 | 74,829 | 72380 | 74,787 | 72422 | 92,892 | 95372 | 72401 | 74,787 | 72,401 | 74,808 |
[O8 3-5-02] S &KXl & A0l CHSt CV(RMSE)

Actual electricity consumption VS. simulation-based electricity consumption (B multi-family housing)
= 100,000
BN
=
s 80000 | —————=
£
g 60000 |
g
s
§ o0 | CVRMSE) = 16.41%
'E 20,000
g
- -
1 | 2 | 3 | 4 | 5 | 6 | 7 8 | 9 | w | u | 12
Actual | 63,223 | 60,541 | 53,538 | 57,603 | 53,849 | 56,756 | 59,741 | 68,749 | 59819 | 52,036 | 57,468 | 59,128
- = = Simulation| 64,027 | 57,847 | 64,069 | 61,967 | 64,027 | 62,009 | 80,663 | 83,139 | 61988 | 64,027 | 61,988 | 64,048
[D& 3-5-03] B &K & ArS S0l CHEH CV(RMSE)

- 110 -



Actual electricity consumption VS. simulation-based electricity consumption (C multi-family housing)

= 100000
3
.§ 80,000 - - =N <
= N
g o e = S — P —————
= TS ChE = T i
g 40,000 | CVRMSE) =17.95% |
'§ 20,000
L .
1 2 3 [ 4 %) 6 7 8 9 10 11 12
Actual 63,942 62,994 | 54,567 | 57,417 53,744 34,187 | 55996 | 63,814 61,729 54,101 55,834 57,575
---Simulatiom 63,165 | 57,069 | 63,207 \ 61,133 | 63,165 | 61,175 1 79,645 | 82,159 | 61,154 63,165 | 61,154 63,186
[1& 3-5-04] C &X| & A0l Ot CV(RMSE)

Actual electricity consumption VS. simulation-based electricity consumption (D multi-family housing)

-
§ 80,000
<
=
§ 60,000
=
§ 40,000
S | CV@RMSE) = 11.75%
_5' 20,000
§ =
s
< = =
1 2 3 | 4 5 6 7 8 9 10 11 12
Actual 60,641 59,922 51,971 | 55681 52,600 54,382 56,333 66,418 62,425 52,390 54,779 56,323
= = = Simulation| 56,860 51,374 56,902 \ 55,031 56,860 55,073 72,420 75,029 55,052 56,860 55,052 56,881
[02 3-5-05] D Xl &2 AP0l &t CV(RMSE)

Actual electricity consumption VS. simulation-based electricity consumption (E multi-family housing)

=

g s0000

<

Eoaw —

], R A~ i ===

§ 40,000 _

£ | CVRMSE) = 1107% |

g 2000

3

Bl = - - - = = - - - = = :

: | 2 | 3 | 4 | 5 | 6 | 7 | & [ 9 [ 20 | n | 12 |
} Actual | 61,715 | 54,272 | 57305 | 53267 | 53162 | 52,115 | 56775 | 61,372 | 50925 | 50,464 | 51,324 | 57,691 |
|- = - Simulation| 55310 | 49,974 | 55352 | 53,532 | 55310 | 53,573 | 70,657 | 73,264 | 53,552 | 55310 | 53552 | 55331 |
[0" 3-5-06] £ &XI &= AtS 0l et CV(RMSE)
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Actual electricity consumption VS. simulation-based electricity consumption (F multi-family housing)

3 00w

=3

£ 60000 |

s

5

g 40,000 |

S CV(RMSE) =9.25%
& 20000 |

T

K

-

[ 7 7T 2 17T 3 1 4 [ 5 [ 6 | 7 | 8 [ 9 [ 100 [ n [ 12 |
Actual | 59,785 | 52,771 | 56215 | 52,207 | 51,730 | 51,584 | 57,883 | 62,698 | 51,563 | 51,788 | 52,606 | 57,464
- - —Simulation| 54,629 | 49,359 | 54,671 | 52,872 | 54,629 | 52914 | 69,876 | 72,491 | 52,893 | 54,629 | 52,893 | 54,650

[08 3-5-07] F &XI A& ALSZ0l CHEH CV(RMSE)

Actual electricity consumption VS. simulation-based electricity consumption (G multi-family housing)

2 80000
2
&3
2 60000 ==X
="
§ | ea_.. _TSwe==CT_ == e By W s
g 40000 il
s
2 | CVRMSE) = 12.37%
3 20,000
E
- -

| 1 [ 2 [ 3 | 4 [ 5 [ 6 | 7 [ & | 9 [ 10 | 12 | 12|
—— Actual 57,899 | 55,551 | 48,092 | 51,562 | 48260 | 50,549 | 53,109 | 60,589 | 52,653 | 47,155 | 51,458 | 53,106
- — - Simulation| 47,582 | 42,993 | 47,624 | 46,052 | 47,582 | 46,094 | 61,674 | 64,447 | 46,073 | 47,582 | 46,073 | 47,603

[O& 3-5-08] G &X &2 AtEZ0l CHEH CV(RMSE)

(29 3-5-02]~[2% 3-5-0812 A~G @9 <8 A= Apg=Fe] AA 9 A&
gold deole 9 CVRMSE)E AlAIg et 77 ©@x9 7] o= R
gk CV(RMSE) #2 zH7b 10.38%, 16.41%, 17.95%, 11.75%, 11.07%, 9.25%,
12.37% % 25% o9l & vetWlen, webr 7] oyx] e §3a/do] st

P
¥ Aow B 4 9

oo AYA A EHOAS 8% S E dUA AF AuvE e 4

(1) oly= Az Agae T

o

Al 4ol A ddex] AR RS A A ARG oA Az e 3 A4

ATA ARl Tl A AL F Ads s Bl drIdEHAEZAE, LED =
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o] 2% B4 77449 oY

<H 3-5-03> OIUHX E&2 Aluele 24

Lielo UGN B2 o manoame LED = Elorz ww

AMUZI2 #1 0

AUEIS #2 o

ANUEIS #3 0 0

NURIS #4 o
AlLI2I2 #5 O @)
AlLI2I2 #6 @) @)
AlLI2I @ #7 O @) @)

M e Stk ABdel A Aol HF FFAA BAL Fal, 744 At

oo oA AZEHE WA 5 ATk o, BHH QAL FeAoR R

omM, FAYu R B AE FAaY] At AAY BAL A 53

shof Gk thobsk, BelF 1A BHAMY AAY R B BN AN, of
e

Ux dg D go] ol

rot
J
N
N
X
o~
1o,
B
X
BN

(2) @xE Ao &4 R AAE Bt

7h AdAUEl e AL Ao 244 Hot

G R APAAUE LS gkl ouA AlgeoldE T8 e A A3

BHE <3 3-5-04>~<3 3-5-10>¢ HERAH
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al

=

HEALIZIRE UK AlS &

=g FOIHE B e oz 2l
e EE RE RE EE
ABE | DA | MEZ | RAH | ASZ | LU | ASY | PaH | Ma
(KWh) (KWh) (KWh) (KWh) e
919,431 | 100% | 753,662 | 81.97% | 127,101 | 13.82% | 38,669 | 4.21% | 15.88%
£z FIIHE B e Iz 23
e SE SE SE e
ABEY | AU | MEZ | RAH | ASZ | BLH | ASY | P | Aag
(KWh) (Kwh) (KWh) (KWh) (Kwh
ol4x  [F1| 791,071 | 18.96% | 627,188 | 16.78% | 127,101 | 0.00% | 36,782 | 4.88% -
siot syop |#2| 850626 | 7.49% | 758,662 | 0.00% | 59.116 | 53.49% | 37.749 | 2.38% -
#3| 722,071 | 21.47% | 627,188 | 16.78% | 59,116 | 53.49% | 35,767 | 7.50% -
I |#4] 773,405 | 15.88% | 753,662 | 0.00% | 127,101 | 0.00% | 38,669 | 0.00% | 146,026
M2t 9ot [#5] 645,045 | 29.84% | 627,188 | 16.78% | 127,101 | 0.00% | 36,782 | 4.88% | 146,026
#6| 704,500 | 23.38% | 753,662 | 0.00% | 59,116 | 53.49% | 37,749 | 2.38% | 146,026
ATHAE [#7] 576,045 | 37.35% | 627,188 | 16.78% | 59,116 | 53.49% | 35,767 | 7.50% | 146,026
<H 3-5-05> B CHAl J|&ECH Y JHAAILICIRE HIUHR AFE 24
= SRS = EE oF 2d
EE RE e e EE
ANBY | TAH | ABY | PaH | MEY | RaH | AST | 28U | Ma
(KWh) (KWh) (KWh) (KWh) e
789,799 | 100% | 639,941 | 81.03% | 114,131 | 14.45% | 35,727 | 4.52% | 18.49%
£ FOIHS = I o8 23
SE SE e e SE
AMBZ | TaH | AEZ | PaH | MEZ | g | ASZ | g | ga
(KWh) (KWh) (KWh) (KWh) (KWh)
#1] 680,655 | 13.82% | 532,548 | 16.78% | 114,131 | 0.00% | 33,976 | 4.90% -
#2| 731,440 | 7.39% | 639,941 | 0.00% | 56,561 | 50.44% | 34,938 | 2.21% -
#3| 622,235 | 21.20% | 532,548 | 16.78% | 56,561 | 50.44% | 33,126 | 7.28% -
#4| 643,773 | 18.49% | 639,941 | 0.00% | 114,131 | 0.00% | 35,727 | 0.00% | 146,026
#5| 534,629 | 32.31% | 532,548 | 16.78% | 114,131 | 0.00% | 33,976 | 4.90% | 146,026
#6| 585,414 | 25.88% | 639,941 | 0.00% | 56,561 | 50.44% | 34,938 | 2.21% | 146,026
#7| 476,209 | 39.70% | 532,548 | 16.78% | 56,561 | 50.44% | 33,126 | 7.08% | 146,026
<H 3-5-06> C CtAl J|&ECH 2 JHAAILICIRE HIUHR AFE 24
B, TOIH= B EE 9z 2d
e EE EE e EE
ABEY | DA | MEZ | RaH | ASZ | LU | ASY | RaH | Ma
(KWh) (KWh) (KWh) (KWh) e
779,376 | 100% | 630,970 | 80.96% | 112,952 | 14.49% | 35,454 | 4.55% | 18.74%
g FIIHE B e Iz 2F
e EE SE e e
AR | DA | MEZ | RaH | ASZ | LU | ASY | Pad | Aag
(KWh) (KWh) (KWh) (KWh) (KWh
o #1] 671,810 | 13.80% | 525,093 | 16.78% | 112,952 | 0.00% | 33,764 | 4.76% -
o g'g #2| 717,626 | 7.92% | 630,970 | 0.00% | 52,041 | 53.93% | 34,614 | 2.37% -
#3] 609,994 | 21.73% | 525,093 | 16.78% | 52,041 | 53.93% | 32,859 | 7.32% -
OIAX  |#4] 633,350 | 18.74% | 630,970 | 0.00% | 112,952 | 0.00% | 35,454 | 0.00% | 146,026
M2t 9ol [#5] 525,784 | 32.54% | 525,093 | 16.78% | 112,952 | 0.00% | 33,764 | 4.76% | 146,026
#6] 571,600 | 26.66% | 630,970 | 0.00% | 52,041 | 53.93% | 34,614 | 2.37% | 146,026
ATHASE [#7] 463,968 | 40.47% | 525,008 | 16.78% | 52,041 | 53.93% | 32,859 | 7.32% | 146,026
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<H 3-5-07> D ©A JI&EoH L HEAILIZI2YE HUHX AIS &
z= THE x5 = EEEEE
e e e e =
JiEet | mgm | padl | A= | Rad | a2 | s | AsZ | 2ad | asg
(kWh) (kWh) (kWh) (kWh) HIS
703,393 | 100% | 564,398 | 80.24% | 105,288 | 14.97% | 33.708 | 4.79% | 20.76%
zg TS = ag EEEEE
e e e e e
HEALEE] e | wn | asz | 2au | Asz | 2a0 | sz | 2aw | ez
(kWh) (kWh) (kWh) (kWh) (kWh)
s |F1[607.058 | 13.70% | 469.687 | 6.78% | 105288 | 0.00% | 82.083 | 482% | -
a2, [#2] 645,395 | 8.05% | 564,898 | 0.00% | 48,111 | 54.31% | 82,687 | 0.44% | -
#3] 549,054 | 21.94% | 469.687 | 16.78% | 48,111 | 54.31% | 31,255 | 7.07% | -
OIAX |#4] 557,367 | 20.76% | 564,398 | 0.00% | 105,288 | 0.00% | 33.708 | 0.00% | 146,026
B2 wol [#5] 461,032 | 34.46% | 469,687 | 16.78% | 105,288 | 0.00% | 32,083 | 4.82% | 146,026
&  [#6] 499,369 | 29.01% | 564,398 | 0.00% | 48,111 | 54.31% | 32,887 | 2.44% | 146026
AXME [#7] 403,008 | 42.70% | 469.687 | 16.78% | 48,111 | 54.31% | 31255 | 7.27% | 146.026
<H 3-5-08> & ©A JIECH L HEAILIZIYE HUHX AIS 24t
z2 TS g EE EEEEE
e e EE e e
JEer | Agm | maul | AgZ | 2aH | A=Z | 2aH | AsZ | [ad | ase
(kWh) (kWh) (kWh) (kWh) HIE
684,720 | 100% | 547,920 | 80.02% | 108,520 | 15.12% | 33,280 | 4.86% | 21.33%
gz IS xS ag Bz 23
o e e EE e e
AUZIR | Asz | mad | Asz | 2ad | A= | 2ad | Asz | [ad | ase
(kWh) (kWh) (kKWh) (kWh) (kWh)
x| B91.147 [ 13.67% | 455951 | 16.79% | 103,620 | 0.00% | 31676 | 482% | -
o ooy [#2] 627.480 | 8.86% | 547,920 | 0.00% | 47.129 | 54.47% | 32,431 | 2.55% | -
#3 533,899 | 22.03% | 455,951 | 16.79% | 47.129 | 54.47% | 30,820 | 7.39% | -
WAX | #4] 538,694 | 21.33% | 547,920 | 0.00% | 103,520 | 0.00% | 33,280 | 0.00% | 146,026
2t orob [#5] 445,121 | 34.99% | 455,951 | 16.79% | 103,520 | 0.00% | 31,676 | 4.82% | 146,026
&  |#6] 481,454 | 29.69% | 547,920 | 0.00% | 47.129 | 54.47% | 32,431 | 2.56% | 146,026
AHME [#7] 387,873 | 43.35% | 455951 | 16.79% | 47,129 | 54.47% | 30.820 | 7.39% | 146,026
<H 3-5-09> F &K JIEeH &L HEAILIZIYE HUHX AIS 24t
z TOTHE 3 EE BT
EE e e e e
JlEe | MEZ | DaH | A22 | Rad | A2 | [ad | ARz | Rad| ase
(kWh) (kWh) (kWh) (kWh) HE
676506 | 100% | 540,880 | 79.95% | 102,537 | 15.16% | 33,089 | 4.89% | 21.59%
zg IS = T EEEEE
o4 e e EE e e
AURI? | amz | Rad | as2 | Rad | AsZ | 2ad | AR | Rad| ase
(kWh) (kWh) (kWh) (kWh) (kWh)
x| 884,165 | 13.65% | 450,137 | 16.78% | 102,507 | 0.00% | 31.491 |4.83%| -
oo oy [#2[ 619,890 | 8.37% | 540,880 | 0.00% | 46,736 | 54.42% | 82.074 | o.46% | -
#3] 527,513 | 22.02% | 450,137 | 16.78% | 46,736 | 54.42% | 30,640 | 7.40% | -
01K |#4] 530,480 | 21.59% | 540,880 | 0.00% | 102,537 | 0.00% | 33,089 | 0.00% | 146,026
=2t srob |#5( 438,139 | 35.23% | 450,137 | 16.78% | 102,537 | 0.00% | 31491 | 4.83% | 146,026
&  |#6] 473,864 | 29.95% | 540,880 | 0.00% | 46,736 | 54.42% | 32,274 | 2.46% | 146,026
AIXHME [#7] 381,487 | 43.61% | 450,137 | 16.78% | 46.736 | 54.42% | 30,640 | 7.40% | 146,026
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<H 3-5-10> G &K JI&EeH & HEAUSIL2YE MUEHX AtS 2Ha

r

= NS T T EEEE
R e e R T
JlEe | AgE | maHl | ABZ | TaHl | A8Y | REH | ASZ | PLu| ss
(kWh) (kWh) (kwh) (kwh) e
591,377 | 100% | 466,354 | 78.86% | 94,087 15.91% | 30,936 |5.23% | 24.69%
=g B T e BYE
el el & e e
HENLEZ | g | 2um | ngz | 2a8 | a2 | 2a0 | asz |Ran| ase
(kWh) (kWh) (kwh) (kWwh) (kWh
ML #1| 511,729 | 13.47% | 388,071 | 16.79% | 94,087 0.00% 29,570 |4.42% -
=2t grof #2| 539,019 | 8.85% | 466,354 | 0.00% 42,413 54.92% | 30,253 |2.21% -
#3| 459,376 | 22.32% | 388,071 | 16.79% | 42,413 54.92% | 28,893 | 6.61% -
Ol Xl |#4] 445,351 | 24.69% | 466,354 | 0.00% 94,087 0.00% 30,936 | 0.00% | 146,026
A2 Yot |#5| 365,703 | 38.16% | 388,071 | 16.79% | 94,087 0.00% 29,570 | 4.42% | 146,026
& #6| 392,993 | 33.55% | 466,354 | 0.00% 42,413 54.92% | 30,253 |2.21% | 146,026
ATHME |#7| 313,350 | 47.01% | 388,071 | 16.79% | 42,413 54.92% | 28,893 | 6.61% | 146,026

of FolA $4 oluiA W wAne A8 Avele #1-#3 A Az mvE
vnw e 2.

A, T A BN gAY A 2AEE 8% Ao 19 49 A
AES 13% o2 UEHET (A 13.96%, B 13.82%, C: 13.80%, D: 13.70%, E:
13.67%, F: 13.65%, G: 13.47%). 719 Ad FAE= A8 AE&F T F=2 A
Al AR E = AES AAA7IH (A 16.78%, B 16.78%, C: 16.78%, D:
16.78%, E: 16.79%, F: 16.78%, G 16.78%), U2 &+ W olyAE AAA7H
(A: 4.88%, B: 4.90%, C: 4.76%, D: 4.82%, E: 4.82%, F: 4.83%, G 4.42%). 77} &
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R NG Ahe] 2 9Pe A gt Aow math grldY g

i

ME= 7FaAIES] vARE Aol AREes dHes FolHA s 2dds

A717] wZol W ol v A1) & Aol WASHA =, Althd WA o] Zhof

=4, T8 @A EFA LED W& 483 Aluge #29 dg HAx 2
8% Wele] 5 o7 YEYTHA: 7.49%, B 7.39%, C: 7.92%, D: 8.25%, E: 8.36%,
F: 837%, G: 885%). LED+= A9 AMS= T T2 XHol AMSHE d9Es d3A
719 (A: 53.49%, B: 50.44%, C: 53.93%, D: 54.31%, E: 54.47%, F: 54.42%, G:
54.92%). theo® Wi ouxE AFAIZITHA: 2.38%, B 221%, C: 2.37%, D:
2.44%, E: 255%, F: 2.46%, G: 2.21%). Athgd WHo] AZAF=E A8 AEo] ¢

ol g moldl, WA WY AGAM] 29 FA} FhshEA

rr

A
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A @57k 100kWh o] 8tQl 19 A But 587} of

H
v
rir
o)
o
1o
h=
ro
v

@ AdAGe e A4 Aol AAg B}

7 Ao thE] oYX A7k ek @ A AR AuE HEstE A AYE
S #1~#79] T AAA BA AEE <FE 3-5-11>~<F 3-5-17>°] vtepdiot.

<H 3-5-11> S EX H&AUelLe dME &4

e

=D} EST! XIESS]]
e Aele | ST | DRSS | oz SR R _ S _ BEPA
el el el el el = lds | = N
2| 2| 2|
ALI2IQ #1 | 47,880 | 203,999 | 787,796 | 18,221 | 567,630 6 3.2 5 3 1
AlLf2I2 #2 | 88,520 6,342 413,857 | 9,782 | 328,777 7 | 447 | 1 7 3
ALI2IQ #3 | 136,400 | 210,340 | 1,188,883 | 28,015 | 883,651 4 | 3.51 2 4 2
ALI2IQ #4 | 179,900 | 102,567 | 892,266 | 20,729 | 630,781 5 | 3.23 | 4 8 8
ALI2IS #5 | 227,780 | 306,566 | 1,528,737 | 38,950 | 1,047,085 | 2 | 2.93 | 7 7 3
ALI2I2 #6 | 268,420 | 108,909 | 1,263,892 | 30,510 | 917,328 3 | 343 | 3 8 6
AlLI2IS #7 | 316,300 | 312,907 | 1,807,456 | 48,745 | 1,240,740 | 1 295 | 6 7 3
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<H 3-5-12> B ©Al H&AIL2I2e dHld =4

=t

20H==1

i ARl |EEX | DASEE | dUTIE KCER NPV _ SIf _ BEPA
el el el el el = lhe | 2 C
2| 9| 2|
AILI2IQ #1 | 47,880 | 203,999 | 602,385 | 15,494 | 379,491 6 | 245 | 5 3 1
AlLI2I2 #2 | 88,520 6,342 323,564 | 8,285 | 236,987 7 3.5 1 9 3
ALIZIQ #3 | 136,400 | 210,340 | 839,980 | 23,786 | 530,518 4 | 249 | 4 7 2
ALI2IQ #4 | 179,900 | 102,567 | 740,840 | 20,729 | 479,355 5 2.7 2 9 3
ALIZIQ #5 | 227,780 | 306,566 | 1,185,264 | 36,222 | 700,885 2 | 229 | 7 10 | 6
ALIZIQ #6 | 268,420 | 108,909 | 979,039 | 29,013 | 630,977 3 | 267 | 3 10 | 6
ALI2IQ #7 | 316,300 | 312,907 | 1,425,674 | 44,515 | 854,727 1 234 | 6 9 3
<H 3-5-13> C &KX HA&AILeI29 HAY &4
=0 ES)! XIESS]]
W ALl | EASTHI | DA | oLz KCER NPV _ . _ BEPA
el & el el el el Slue | 3| @ |2
2| 2| 2|
ALIZIS #1 | 47,880 | 203,999 | 577,248 | 15,270 | 354,129 6 | 235 | 5 3 1
ALI2I2 #2 | 88,520 6,342 348,098 | 8,765 | 262,003 7 | 3.76 | 1 8 2
ALI2IQ #3 | 136,400 | 210,340 | 830,227 | 24,045 | 521,024 4 | 246 | 4 8 2
ALI2IQ #4 | 179,900 | 102,567 | 719,624 | 20,729 | 458,139 5 | 262 | 3 10 | 5
ALI2IQ #5 | 227,780 | 306,566 | 1,155,702 | 35,999 | 671,099 2 | 223 | 7 10 | 5
ALIZIS #6 | 268,420 | 108,909 | 971,096 | 29,495 | 623,516 3 | 265 | 2 10 | 5
ALI2IS #7 | 316,300 | 312,907 | 1,414,212 | 44,773 | 843,523 1 232 | 6 9 4
<H 3-5-14> D ©X JHA&AILI2I22 HAYE 24
=} ES]! XIESS]]
M Aele | ST | DRSS | olTsiE KCER NPV _ SIR _ BEPA
el e el el el = lhe | 2 C
2| 2| 2|
AILI2IQ #1 | 47,880 | 203,999 | 393,143 | 13,676 | 168,431 6 | 1.62 | 7 8 1
AlLF2I2 #2 | 88,520 6,342 230,658 | 8,233 | 144,030 7 | 252 | 1 12 | 2
ALI2IQ #3 | 136,400 | 210,340 | 631,242 | 21,909 | 319,903 4 | 188 | 6 12 | 2
ALI2IQ #4 | 179,900 | 102,567 | 579,158 | 20,729 | 317,673 5 | 212 | 3 12 | 2
ALIZIQ #5 | 227,780 | 306,566 | 976,223 | 34,404 | 490,026 2 | 189 | 5 12 | 2
ALIZIQ #6 | 268,420 | 108,909 | 815,547 | 28,962 | 467,435 3 | 224 | 2 12 | 2
ALI2IS #7 | 316,300 | 312,907 | 1,199,340 | 42,637 | 626,517 1 197 | 4 12 | 2
<E 3-5-15> E ©X HAAUeI2o FHE 24
ES)! =0 XIESS]]
M ALl |EASTHI | DA | oLz el NPV _ . _ BEPA
el & el el el el Slue | 3| e |2
2| 2| 2|
ALIZIS #1 | 47,880 | 203,999 | 380,475 | 13,283 | 155,370 6 | 1.56 | 7 12 [ 1
ALf2I2 #2 | 88,520 6,342 230,658 | 8,125 | 143,922 7 | 252 | 1 12 | 1
ALI2IQ #3 | 136,400 | 210,340 | 617,970 | 21,410 | 306,131 5 | 1.84 | 6 12 | 1
ALI2IQ #4 | 179,900 | 102,567 | 577,550 | 20,729 | 316,065 4 | 212 | 3 12 | 1
ALI2IQ #5 | 227,780 | 306,566 | 958,226 | 34,012 | 471,636 2 |18 | 5 12 | 1
ALIZIS #6 | 268,420 | 108,909 | 816,150 | 28,854 | 467,930 3 | 224 | 2 12 | 1
ALI2IS #7 | 316,300 | 312,907 | 1,183,655 | 42,138 | 610,331 1 195 | 4 12 | 1
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<H 3-5-16> F &Al JHEAIL2I22 Hld =4

B o SHEL | keer NPV SIR BEP

i ALl |EIERHI | DA | LIS _ _ _

e e e e ekl o (BB g | 2|5

2l S| 2l

ALUZIS #1 | 47,880 | 203,999 | 376,352 | 13,108 | 151078 | 6 | 156 | 7 | 12 | |

AUZI@ #2 | 88520 | 6842 [ 234479 | 8,037 | 147654 | 7 [ 256 | 1 | 12 | 1

AlUi2l@ #3 | 136,400 | 210,340 | 611,937 | 21,151 | 299838 | 5 | 1.83 | 6 | 12 | |

AlU2l@ #4 | 179,900 | 102,567 | 581,571 | 20,729 | 320,086 | 4 | 2.3 | 3 | 12 | |

A2l #5 | 227,780 | 306,566 | 953,399 | 33,837 | 466,635 | 2 | 185 | 5 | 12 | |

AU2l@ #6 | 268,420 | 108,909 | 811,827 | 28,766 | 463,518 | 3 | 223 | 2 | 12 | |

AlLi2l@ #7 | 316,300 | 312,907 | 1,173,701 | 41,879 | 60017 | 1 | 1.93 | 4 | 12 | 1|

<H 3-5-17> G @Al HHALZl22 BHd 24

EST EST EIES]

e ALl |EEXL | IS | dLXEIE KOER NPY _ SR _ BEPA

k| e bk ] ek N == S (= O

s 3 3|

AlU2l@ #1 | 47,880 | 203,999 | 329,296 | 11,306 | 102,215 | 7 | 135 | 7 | 20 | 7

AMuele #2 | 88520 | 6342 | 216,079 | 7,433 | 128,650 | 6 | 2.36 | 1 | 12 | |

AlU2l@ #3 | 136,400 | 210,340 | 528,683 | 18,739 | 214472 | 5 | 158 | 6 | 14 | 5

AUZI2 #4 | 179.900 | 102,567 | 578,152 | 20,729 | 316,668 | 4 [ 212 | 3 | 12 | |

ALIZIS #5 | 227,780 | 306,566 | 874,569 | 32,036 | 386,003 | 3 [ 1.7 | 4 | 13 | 4

AU2I@ #6 | 268,420 | 108,909 | 780,154 | 28,161 | 431,241 | 2 | 2.4 | 2 | 12 | |

AlLi2l@ #7 | 316,300 | 312,907 | 1,020,666 | 39467 | 444670 | 1 | 168 | 5 | 15 | 6

4 d71dE g ZAESH LED 2% 5 27FA 9] oluA Az ks 48
= AP e #l~#3s AR, 374 Aldel e BFelA A AZFA(NPY)= &
=

CFAYUFAESIRE 1 ool grom JEhdowA Adedde o

o
-

A AAANA Y B S FRE] A E dE FETE e Al
T WA agste] HA MAAYe s Agsor sttt 7t gAHE thhe] &
9 Apel&= ARAT, NPV #Hd A= t71dsy ad ZAES LED 21

2 &3 Auel o #30], SIRBHoIME LEDE 483 Auale #2271 71 53
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49 71 dE Ae Zaee] 2774 §e LEDs ulaste] 50%
A7) W FA48 571kl FHHOoR 5547 (BEP 3~144),

NPV % SIRe] tiajlA = LE

o= %

5
y

D
2/ AN GO BET F i dite] FEH
i

He 5 vk

A Hgd d A Al 2Enks 85k AJUE] e #4e] NPVE Y9 fte 2 SIRE=
1 o9 oz FAHo] AFEIGA S gHe A vEelyon BEP 94 40

B SdstA AL wiitel 271FAIE R ooluA Arbake] sdsith. 19
U seTEe drlewed FAAE AE&FemM oFT] oA HEe ol &

R ghel ael7h waistgich 718 oluA maddA 4¥ Ag
ol 14 WAH S wAE Add A Agagol Az 51kWh @7H3225kWh
> 2TURWhH 93, A8 AR Fel /g AW G BAE AWd Ae Aol
Q17 513kWh A7H2,076kWh —> 1563kWhEIIEh G whxle] A=) Azkere] o
WA, FAAY Agow Qs A7 WES S BAL H Be AL ¥ 4 vk
thAl walA, J1Eel A Abgel o Be wAY 49, FAF qUAS A
Hebe ool g Eve o acs A2 wolEt ofF wgon AUy

el EA8) B, Atid WAool AS5E o v Abg o]l B7] wiol ej ek

ax
o

o Alad Be BE oA A Zrdts, O ov8 43 3de 9 Aad

= AL BHoFErh wela, S ©x¢9 SIR(323)0] G @A SIR(2.12)3 B L3}

[‘é
ofd

[e)
A A"

718 oy 2do tirjdE A ZAE, LED 2% 2
A&t AYyg L #7 94 NPVE %9 oz SIR40S 1o]4te] grow #

‘I___r:_
MElem BEP HE3F 40 ool yrebstth Altig WA A elA EAs B,
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Aluel e #7178 AluEl e #1(H 71 Ad ZFAE), Alue e #2(LED %£49), Ay
g #EEE BH A=d)e] 54 EFAoE AYa ded, oy ALE
S GA AE WA gkaE @Al Stk thA] dEjA Aldie WA o] AeFE

7 AEE T oAUA e FAA &dUF oS Ava & F drh
Eoh B B A" A9 2 dux] Aibee] WAt strigtE o 1A
ARl o] W2 oA wE H3r &t Ava & 4 gk wepA, S ©A 9

SIR(2.95)°] G ©=]¢] SIR(1.68)°] W&l $-3}Al WEFRLT.

i

. 37 2AVt: AEERE 248 9

ot
i)
a
nt
b
2
b
i)l

(1) oA AF&E Z=4 BA

AHE= 7 A o] 247t~ 5 H 3 (Carbon Emission Reduction Target,
CERT)E 2020119 2247t~ wl& A (Business—-As-Usual, BAU) thH] 30%=
datg o, Ao e 269% 2 FHIATE old 3 F x| = AE F
Az, A A QR012) 914 o] 247 S SR A AyAFI S FHE
AaiM = v A A (2020001 4 o] A A E gobd = glojof gt 53], Y
of, ald ol odyA ARgIiEe] i A4S EW® shof, oy A ARl

B FA EAL AAsloF Bt

&
Axd A= AMSFF diolHE FHAT TR dHolHE &8sk, AY AMEFF
Z7He S AESd o, AH st A5 (Compound Annual Growth Rate, CAGR) <]
MdE A&tk CAGRE 79 wte] A& disty, wid 44 44=

A&@ha Agekel, Bt YAEL BT QozA, el A (35009 2ol

o
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EC (t,)) o)
CAGR (t,,t,) = -1 (3-5-01)
EC

CAGR : ¥+ 44 &

EC(t) : ta F(WFAIEF3N)©] oA AME-=F
EC(to) : L4(** a)e] oA ARgF
717K A5

S

ta-ty : =2

olg7 &% CAGRY & 4319, 2012358 20209744 9] o= A&
ol ok A 242 AAsHTh
SEA TN E Aol del] oy A3 Avele H8S 3 A A3t 53
28734, A dkE Axs e, sEFE FEo] duA ARSF St
g A8k olgd 27k 24 AHE F&sto], FAAH(2012)NA e =47}
2 AE5S A% FAA] AIAREIAA Dt 2 AN TA] Al 2E A
&

@ Asel olux A3 wNE AL, T olFe oux 8P F

X

<

FAE AZAE 7 Ak olE &, B9 4 (3-5-02)& &8s, MEF A
H AAE improved Compound Annual Growth Rate GCAGR)E &3}t

1

| EC (1)) O
iCAGR (t,,t,) = ~1| x (1-ESR,) (3-5-02)

EC (t,)

iCAGR : M= dF 7 A3 E

EC(t) : tn (A SHH AR AL
EC(to) : to (A aM)o] oA A&
ta-to —Er*—i Z1ZH A5

SR : 3T Alupel o] oyA] dE

o] %7 WHEH ICAGRS #24% Zgatel, AAAR0IAAE] A7k 45
S A% FAH AAAL A o] F(20126~2020:)e] AMR A AL o

%A o CAGRE 48 202049 olvA Aol mg #4879 ICAGRS
o 2020 Ao F7b &
Yol s Prskgn
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@ HA AdAGe e AAL A% JAAA A s

b Mg FES A 1Y

T 7k el A e] CERT ©4< 9$ ‘Low-carbon scenario 2020's A|AsH7] ¢
A= BN AldES] Aldid WA mE 54, dd A= dyA ALE
G, M Al Ed AE THed A A3 e 2 AR YA /& B ooy
A Az 5 5 vk a]lddl g werp erkEojof gt B Ao e F
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g
e FEFHoR HRsga, oA A gere] {3 A AY e
=

’

AME, LED Z=H), AAZAUA Al=gle] §3e 17 Fd 2 A==
A Al E Bt HY MAAUELE MAS] feAE F 209715270
o] AV 2(F T AlgEl Lol A wAAEA 8 AluE s T7HA fF3 9
chAol] ME Agstmz 8-2097,152)8 EAsof Fuh. of&e, ® AFoAE F
AstE 99 37HA HARS (27 FAE S0 Hash, NPVel Hdlgh SIRe 4l
3he mEsdr] wEe  ARFHozmE F 0 6291456709 AluE e
(2,097,152x3=6,291,456)5 A ok et v BEA Y A B o] Tyt
a1, ool wigte] Hgtaxt sk oluA] Az el 9 AR AU Aladle] F

F7F S A%, BAsor & AvE e e MEFsEder SUksA B
mebA 7] AR ZRAAE ALHEA YA, HA R ZRALE 9T HaT)

ATH E AFoME vlojmzAZE oAl yuko]  VBA(Visual Basic for
T olee], HAE wmAs pHS 9
3 AR dagls =92 Evolvergs &35ttt oA dgdd 2 gk A
VNEATded 258 FETY ouA && dd HdEviele] dd A 71z
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@ oAt AAZARR ol F vkt AAAGE Qo et v HrtE fda PE
sHA Xk 5= AEE &t7] ko], FA FA Aol tig AlZkst oy

@ HF FAA ] g AFAPdES FHEy] 9k, £A4 ZEAE Aol A
MAEE o W] i3 DB3 1y

® FE7H ol9d HAE AMEFL Fe T8 AFE FPo dlg o]
ThedtmE Alwl o] g e

(\}) Graphical user interface (GUI)

5_]__

HoodAqto A Gk Al~"le] GUIE, oA AlAI8E e AL
Fom olE [17 3-5-11]d YEW T

"Low-Carbon Scenario 2020 for Achieving the Carbon Emissions Reduction Target in Multi-family Housings =
g . s < Low-Carbon Scenario 2020
£ Carbon Emissions Reduction (%) E" FE 047
o nifial nvestment Cost | ;| Canion _amane g
Fm S
e Tet Present Value (NPWV) | 1
™
" [Saving-fo-Investrment Ratio (51A) | —
.
o
Final Camments
L3
Satisfied with Carbon Emissions Reduction TargettCERT) "26.9%"
109
@ ESTs applied in Leaf 1: S #0 @ ESTs applied in Leaf 5: S 45
@ ESTs applied fn Leaf2: 5#5 @ ESTs applied InLeaff: 545 X
@ ESTs applied in Leaf 3: 5 #1 @ ESTs applied in Leaf 7: S #0 " s 2
g & 8
@ ESTs applied in Leaf 4 : & #0 I
o Energy-Saving Technigues = K ) Energy Consdmption
E Scenario No. Window LED Outlet E B_usmeege_re_lsmsuﬂéﬁﬁﬁ)hu)rufectmns by 2020 3.187.393 996
Leat 1 #1 Y = - e e T 2,315,024,838
- after applying energy-zayving techniques by 20 315,024,
#2 = ® - o : St vy
#3 = - ®
#4 = o -
#5 : = ® o I Eat 1 | 0,00 %)
€| Energy =
+B = ® @ £ Sﬁ\)\‘ng [ [eafZ | 3231 (%)
ale
0 . ® ® oo fe ot | 53 ‘ 1380 12
0 = = = ulti~farnily .
Lagiz ¥ ° = = Hlnugli]? s | | Ceafd | 0.00 1%]
: #2 = 'S 2 " \ S | 3,99 (%)
#3 = = .
b1 ® ® , [ LEath | *23 (%)
Eim | & | -] | & | I Leaf 7 | 0,00 %)
26 = ® ® - o
3 - . . )
C A (3]
#0 e = o= ) al Inves
2 " Cost
Leat3 Eil [ @ | . | ‘ I Feplacemant Cost | 979,663 %)
#2 = =
#3 v , ® ‘ o [ Life Cycle Energy | 3.203.257 4]
e
#4 [ ] ® = : [ KCEFRE | 104,048 (3]
#5
s ? 3 B ) 3]
#7 ® (%)
_ ZHAIE oF HEA == = S =P S| 17
@ Part (1) - HAst= 93 HHHFE A8 star, ofd gk F4 A 37} A
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A BA s

[‘li‘

Z 7] %A 89 H A3k NPV A3l SIRe A3t
S A= AT a8 A, HE AEYAS T3] CERT uist &4
AHE F A2 A A S

@ Part (2) - aﬂ@zﬂr HAgo A AHEH AU s AASTE A A A A=
TETEe 3 HAH MAAUELE Shrel The

oﬂq;q 7+ ylol = ﬂ;ﬂxgoﬂqx] ]/\Eﬂoﬂ rﬂ ]. aoﬂ ;gi,ea_ %aﬁ, T

o
I
>{1:I

@ Part (3) - &EF9o] HFARE FAAG7A Y A AgH ARE F&
she], BAU®| 98 20200 7kA1 9] o YA Al&#e] Z7p3= ]% BRI
AA R of&e, vgFR oA Az e 2 AAAAUA Ay s

AP A5 20208744 9] ol|A AbEFe] SUFAE =4 3ete] A

@ Part (4) - BAU®| 93t #4 F5A3(20209)9] &
A AR FAAE AR ob&e, HA MUY LR AAE Ay
g o A& Al 2020 FEFE FE oA ARE :
Part (3), (4)2] 34 2= 2 oYX A& FAXNE 88310, 9ALE
A 2020 Al ol A o] 247FA AEES el dotd = vk

© Part (5) - HFA < HAst Aol g FAAA ARE AATH 3&
FE @ oAyx dE, ATl AA A= dA HE B oF
ol AAIZH. obze HE H FolE &Eote] HdAd HrE A x

NPV 2 Atf3 7 2 %2] SIRE A A gk},

@) =7F 2A7ts ASEE E4E 4

e

FEFE AAAS A

=

)=]
AR AxE&E

Lo

o digk CERT+ 2020 BAU tiH] 26.9% & AA7l1= A
olth, @AAH@OIDAAE] AT BEHS AT B ARAG L H gl o
A, 2005958 201087449 A A Agw HelEE Fgskel, 4 (3-5-01)
of wet 77) SEGAS CAGRE &Stk A Ag ol tid CAGRE 27
1.41%, 6.94%, 1.07%, 1.12%, 5.98%, 1.19% and 0.95% = At=5 JATH<E 3-5-18>

Az,
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<H 3-5-18> 70 HEEXIS M ALEZ OI0IEH % 2020 =& XI(BAU)

o 2005 &= AEE 20108 M= AIEE CAGR 0190 & Al(BAU) 20204
(KWh) (kWh) e A2 =FX (kWh)
S ©X 320,768,150 343,954,717 1.41% 395,477,091
B =X 263,672,079 368,790,601 6.94% 721,458,318
C &X 181,859,624 191,815,991 1.07% 213,393,827
D &X 185,666,858 196,327,305 1.12% 219,519,618
E EX 227,200,073 303,752,443 5.98% 542,928,207
F &X 649,446,724 688,915,323 1.19% 775,194,125
G X 277,245,236 290,646,236 0.95% 319,422,809
& A OHILE 2,105,858,744 2,384,202,616 2.51% 3,187,393,996

ol#A 4t=® CAGRE 7Md H< A5d 20109 A= ApE o]l A &3k,
2020 A AR R FAABAU)E Ab=E3 A3 dAd =2 2b2b 395477,091kWh,
721,458,318kWh, 213,393,827kWh, 219,519,618kWh, 542,928,207kWh, 775,194,125
kWh, 319,422,809kWh= et 3 A2Al Wl AA g8 @xe A8 A}
S F4A = 3,187,393996kWhz WElstth o] o] e =7t 2d7kA =
A 269% dHe HRE s, 27|FANEe] A3, NPV Hdisl
SIR®|] HWst 5 37kA Aol M 24235 A4 83

4
=3

7h 2715208 H2sE 97 HH FAE AA

2FAN 2 Aofet dAREE A4 Aue 22 g6 94 4

(3-5-02)9] W ICAGRE &ty 27 FAw g H488 TANFZ 49
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470%, 0.929%, 1.12%, 3.89%, 0.77%, 0.95%= AtZ=Hgon HEAH o= 20200 A
Holl Mol oA Azt sy 27.37% % YElY CERTS 269%E A3 Zlo=
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A EAT 27 ANE HAaskE A HA FARE A AAE <& 3-5-19>9
e T
<H 3-5-19> ZIIEXHIE 2AFE A =™ EXF 4™ 271
20204 20204
SRS 20124 X _ _ 20204
P2 | Lo | gux mas | CAGR | mEAS® x3X | mamsw RIM | 0
=== (BAU) (K& Al ===
S &Kl #0
0.00% 1.41% | 395,477,091 kWh | 395,477,091 KWh 0.00%
(leaf 1) (D1E0t)
B &HAl AlLt2I 2
32.31% 4.70% 721,458,318 kWh 412,211,024 kWh 42 .86%
(leaf 2) #5
C o©X | Au2Ie
13.80% 0.92% 213,393,827 kWh 181,799,467 kWh 14.81%
(leaf 3) #1
D ©X #0
0.00% 1.12% | 219,519,618 kWh | 219,519,618 KWh 0.00%
(leaf 4) | (O1Z0H
Eox | AL2Q
34.99% 3.89% 542,928,207 kWh 300,902,413 kWh 44 .58%
(leaf 6) #5
Fox | Abae
35.23% 0.77% | 775,194,125 KWh | 485,692,415 kWh 37.35%
(leaf 5) #5
G &Kl #0
0.00% 0.95% 319,422,809 kWh 319,422,809 kWh 0.00%
(leaf 7) (J1Eeh
SEEW
. - - - 3,187,393,996 KWh | 2,315,024,838 kWh 27.37%
(M2 Al)
Low-Carbon Scenario 2020
" 3,500
= 3000
2,500
* * * *
¥
2,000
1,500
1,000
500

+- Business-as-usual

== Sl=:

/| T

[0& 3-5-11] Low-carbon AlLt2l2 2020 (

(19 3-5-121% /154N §9 Haste BANEE 59

A
e

=8 After applying energy-saving technigues

ZIIEXHIE =z A3
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=13
=
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S Aue el WE 202097419 LA FEFE] AY Agd FAE =

Agteto] yEldl Aolty of7]M, HH FAQE HE Aol dY AREF dHER]

S £

1
vy
)
>
=
L)
fo
b
i
o

1l
iCAGRE &3t NPVel Hugts 5442 =93 49,
A (leaf)oll Whall Z+zF AUl S #7, #3, #7, #1, #5, #5, #1
Hnog FEAEAY. o] HA Fxete] & Ay iCAGRE ©

Ad =2 7H7F 0.88%, 5.47%, 0.64%, 0.97%, 3.89%, 0.77%, 0.82% = AtZ=5 o,

[e)
o
A g ot

o

Aol AH FAL

- -

THOo R 2020 Aol A d3F 5
At NPV Hosts

i 3360%% YE CERTS! 26.9%

2 gA3 Zog B 3 HAH Faper A AnE <F
3-5-20>°f ‘}EFWTH

<H 3-5-20> NPV ZIUHSHE ?e 21X FAet &8 21t
215 0124 20204 20204 20204
=2 A|u;|_<a o o1z | ICAGR | HEALREY FFX | HAANST ZFF e A
=0 (BAU) (H&AI) D
S BX | AlLf2IR
37.35% | 0.88% | 395,477,091 kWh | 237,697,826 kWh 39.90%
(leaf 1) #7
B EHXl | AlLt2IQ
21.22% | 5.47% | 721,458,318 kWh | 508,716,632 kWh 29.49%
(leaf 2) #3
CeX | AU
40.47% | 0.64% | 213,393,827 kWh 122,738,599 KWh 42.48%
(leaf 3) #7
D BX | AlLt2IR
18.70% | 0.97% | 219,519,618 kWh 187,162,060 kWh 14.74%
(leaf 4) #1
EEXl | Alu2Ie
34.99% | 8.89% | 542,928,207 KWh | 300,902,413 kWh 44.58%
(leaf 6) #5
FEX | AUz
35.28% | 0.77% | 775,194,125 KWh | 485,692,415 kWh 37.35%
(leaf 5) #5
G X | Alu2le
18.47% | 0.82% | 319,422,809 kWh | 273,615,923 kWh 14.34%
(leaf 7) #1
M
- - - - | 3,187,393,996 kWh | 2,116,525,868 kWh 33.60%
(M2 Al)
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Low-Carbon Scenario 2020

3,500

Million

3,000

2,500

2,000

1,500

1,000

500

g F & 8 P g L L L I L LS
b ~ w v w L 4 w W W W v W W v W
+-Business-as-usual - After applying energy-saving tec hnigues

[O& 3-5-12] Low-carbon AlUt2I2 2020 (&4 : NPV =l CH3H)

(-9 3-5-121 NPVel Hujstg mAwsw
kel 2ol BE 202097449 LAl FEFE S A AL
Gebd Aolth o714, AA FAS A8 Aol A Asw ALE 3360% %

z3eto] A A8k,

(th FAYUFAESIR) AhehE 9% A4 TR A7

SIRE Huigtsts dAFIE HAH AvEe =S 98 2 (3-5-02)d uwheh
iICAGRE 2t&3tdth SIR9 Husts HAWMTE 9T 49 36579 FI&F7
AA Sl 74 - (leab)oll thal ZHzb AV S #6, #3, #4, #2, #6, #6, #2E& # &3k
Aol HA TR Ao FAHAT o] HH FAbe A8 A, iICAGRE #

e

7} 1.08%, 5.47%, 0.87%, 1.03%, 4.20%, 0.83%, 0.86%% &% om, HF4 o
20201 ARl A 9] oAl A3 Jaks 27.05%% WEbY CERT? 269%5 24
Ao wAEAT SIR Hdists ek A FAF A4 Ars <& 3-5-21>0
e
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<H 3-5-21> SIR zHatE <t A EXN 4 21

i 20204 20204
ESps 20124 , o L 2020
P2 | Lo | oiux maug |CAGR | ERAEE 23X HANBY FBX | e
=== (BAU) (R4 Al) ===
S oXl | ALt
23.38% 1.08% | 395,477,091 kWh 295,261,608 kWh 25.34%
(leaf 1) #6
B otXl | AlLl2IR
21.22% 5.47% | 721,458,318 kWh 508,716,632 kWh 29.49%
(leaf 2) #3
C ©X | Al
18.74% 0.87% | 213,393,827 kWh 170,674,697 kWh 20.02%
(leaf 3) #4
D &X | Allt2I@
8.25% 1.03% | 219,519,618 kWh 199,948,670 kWh 8.92%
(leaf 4) #2
E Sl | AlLf2IQ
29.69% 4.20% | 542,928,207 kWh 333,501,633 kWh 38.57%
(leaf 6) #6
Foxl | AlLele
29.95% 0.83% | 775,194,125 kWh 527,914,337 KWh 31.90%
(leaf 5) #6
G Xl | AlLi2le
8.85% 0.86% | 319,422,809 kWh 289,210,410 KWh 9.46%
(leaf 7) #2
=N
_ - - - 3,187,393,996 kWh | 2,325,227,988 kWh 27.05%
(MZ2AIl)
Low-Carbon Scenario 2020
» 3500 3,187
E 3,000 T

Carbon Emissions Reductionrate (%) =2 7.05 % g _1 ------
@

2,500

2,000

1,500

1,000

500

g & &§ § & § 5 & F &g - A
L - . . Y. Y. . . 7 LA A

) 75

+— Business-as-usual —8—_dfter applying energy-saving technigues

[0 3-5-13] Low-carbon AILIZI2 2020 (2= @ SIR X|ICHSH)

[71% 3-5-13]i= SIR®| HAHss =AWsR FHd 45
AldE] el Wigk 2020674419 A2 Al FEFEe] ¥ AREE FAE =4 g6
e Slefth o714, A FARE Mg Al A ARE R AihER] 27.05% =

zato] Al Bk
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(2h vhEg wRAA HF AHAA

<3 3-5-22>~<3E 3-524>% Z7IFAHE HAS, NPV Ho sk, SIR st
7HA AW digte], AS5E 4ol tigk =7k CERT, 5 20209 47}t
& AYA(BAU) div] 26.9% 75 HxE 24 A9 5719 FAehe A4
gk zlolth, 37FA] B WG] wreh, HA FARbe]l dEpA = AS AT 5 9l
&5 Eol, 27IFAH L] HAasE HHW

(leaf)oll tisted, Z+7+ Alvkg] 2 #0(leaf 1), #5(leaf 2), #1(leaf 3), #0(leaf 4), #5(leaf
6), #5(leaf 5), #0(leaf 7)= A &3tE zlo] HA FAAA Zoz FAHJT o]
o, NPV % SIR #HelAE HaAGHE deva e 1S #3138 & gtk
374 2 NPV £+ SIRC HU3E 23 # H
o WE F9v= WEHE o2 Yeyt mEA B AE Fe de HA
s} TR Azl e B

(leaf)d Wit @A WA, 284 oA Az ek 3l A8 dA Al F

off

>

=
=
of WA, v ZIEAEe WA Tol BT g, B Aol A mds &

gate] A%sa el Bad ANE 2P 5 9L Ao suHh
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<H 3-5-22> ‘ZIIFEXHIE A3 A2 &9 5 FXtet
_ 20124 20204 _
2T A2l VST _ AES)
X | OILIX = wempig | WL koeR NPV SR
leaf | leaf | leaf | leaf | leaf | leaf | leaf | 22 22 - (&) 2= (&) -
d2l) | &9 =2l (2 =a g | 22
1 2 3 4 5 6 7 (%) (%) \:lﬁ(ﬁ;) ;Tl (I ) Hlo(’&._) ;Tl tHE ;Tl
#0 #5 #1 #0 #5 #5 #0 20.75% | 27.37% 731,221 1 1,123,696 3,674,136 | 119,341 1,993,285 5 2.05 5
#3 #6 #3 #2 #1 #7 #1 25.51% | 28.85% 1,041,798 2 1,256,834 | 5,112,279 | 155,775 3,037,383 4 2.29 2
#6 #3 #4 #2 #6 #6 #2 22.36% | 27.05% | 1,298,598 3 652,315 4,898,211 148,311 3,110,115 3 2.59 1
#7 #3 #7 #1 #5 #5 #1 29.33% | 33.60% | 1,320,319 4 1,857,284 | 6,695,713 | 210,135 3,823,698 1 217 3
#2 #4 #5 #4 #7 #7 #5 31.04% | 35.02% 1,536,479 5 1,450,422 6,121,482 | 203,290 3,393,357 2 2.12 4
<H 3-5-23> NPV EICH3H AlQ &9 500 St
- 20124 2020 _
& AlLtel2 EPIEINIE=S = 2H0H==
A Al UK | O FIIA semmbig | 0L Koen NPV SR
leaf | leaf | leaf | leaf | leaf | leaf | leaf | EZ& =Rl — (=) SR (&)
SoU(@e) | =2 & =G = g | =2
1 2 3 4 5 6 7 (%) (%) (X ) Tl ( ) t” ( ) Tl HlE ‘Fl
#7 #3 #7 #1 #5 #5 #1 29.33% | 33.60% 1,320,319 4 1,857,284 6,695,713 | 210,135 3,823,698 1 2.17 3
#2 #4 #5 #4 #7 #7 #5 31.04% | 35.02% 1,536,479 5 1,450,422 6,121,482 | 203,290 3,393,357 2 2.12 4
#6 #3 #4 #2 #6 #6 #2 22.36% | 27.05% 1,298,598 3 652,315 4,898,211 148,311 3,110,115 3 2.59 1
#3 #6 #3 #2 #1 #7 #1 25.51% | 28.85% 1,041,798 2 1,256,834 5,112,279 | 155,775 3,037,383 4 2.29 2
#0 #5 #1 #0 #5 #5 #0 20.75% | 27.37% 731,221 1 1,123,696 3,674,136 | 119,341 1,993,285 5 2.05 5
<H 3-5-24> ‘SIR zUH3 AlSl &< 504 FXiot
_ 20124 2020 =
Z| & AlLtel EDJLONalf=3 = AH0H==
A3 Al ouix | onx | A cemiz | WL ko NPV SR
leaf | leaf | leaf | leaf | leaf | leaf | leaf a2uE R J— = (H3) o (H&)
2 421 s@ |29 g | =9
1 5 3 4 5 6 7 (%) (%) SU(EE) ol (&) HIS() < HIZ <
#6 #3 #4 #2 #6 #6 #2 22.36% | 27.05% 1,298,598 3 652,315 4,898,211 148,311 3,110,115 3 2./59 1
#3 #6 #3 #2 #1 #7 #1 25.51% | 28.85% 1,041,798 2 1,256,834 5,112,279 | 155,775 3,037,383 4 2.29 2
#7 #3 #7 #1 #5 #5 #1 29.33% | 33.60% 1,320,319 4 1,857,284 6,695,713 | 210,135 3,823,698 1 217 3
#2 #4 #5 #4 #7 #7 #5 31.04% | 35.02% 1,536,479 5 1,450,422 6,121,482 | 203,290 3,393,357 2 2.12 4
#0 #5 #1 #0 #5 #5 #0 20.75% | 27.37% 731,221 1 1,123,696 3,674,136 | 119,341 1,993,285 5 2.05 5
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B 2 Alzgle A g iy JAMER FAHE, o5 TRV

theFakal, AA 91A 9 ZAwe wel 1 g o] AA Apolhr] wiiEel d Ao
UM Tt BAS T HAY AAE FET Zavt Ak 7Sl AlAA Y

Eal AqYA AFES dSdomy HAHEAE
Alratal oy, v 9 FAEY 55 1Hd $3 AR ETEAE tAa
| Egho] k. wEbA] Ay Al Z2 s V|ge R 3k VBA(Visual Basic for
Application) S &-g&3le] AAr#E #Q(electricity production benefit), =& A 7}X]
(NPV), F=AthH]4=2] &(SIR) 3709] A xS dydez HALas =5 = de 5

& AA4A wae Anea.

of N FEFEe So] AT £ dv dEAL 2h7]E HEY P
A Azl distel, Sk wHdA HAHoR Fokw & dn ohEA A48
22 dja) aAstnA @ & d7e) ZeAse [2d 340194 AN
gor, TAR WL G 2o,

¢

.2 L L
ONLITY N B0 S O ce s Leeo:
“ = : . oL W
. RETScreeng 0|89 SWYa . 2 ANNPY)
B N oL

X 4 S . =g oy 3
nNgoIm NY \gt (2 og) oy Y

HIZ(SIR)

Filtered by

COnStf§t5

nuewy & d @ 22

« Inverter8%, = CJ1CJCJ ?13:‘ ml?:
Panel &, [ [ N, () ’ T ﬂ.ﬁg !
Panel W%, - T\ > |te =
Panel =0l — v 2 3ot

= e s a9
nu2ie ¥y -
Integrated Model with GA
Fni;é by
a constraints
DB+ -
+ SSOILE YL: - Pareto Front

o NtBUIY / e

« HYY NLOY JH:
panel / inverter

- AYINS OISt B,
Z™40f(the optimal
solution set) THIQt

[O8 3-6-01] ¢+ =g
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gd = AW dd FANAEE F
= g Ay e AEe T E2AER

=4, A AE BEF Aol Ay o] tidte], ‘RETScreen’ ol ek A1 A
Aoad A Algdeld Zrads &85k, duA Aladelds AAH. oF
o, g Al=gl =gl gk 9 oA S AbEg

AR, g A= Aueled Aojs7]H|
1 & ZHLCCO) £A1S AAstE LCC 42 FdAZFA(NPV) WHEd 7] 23
H, LCCOz 42 dldA] Abgo] wE vl ARs &8

Ul g Alzdlel digk vzhA el FrkE e, EA HAs mds 753
h & AFoME 7HA HE4E ARE At O d8 Ak Hel @ Ay
A AZEA =@AZFANPY) @ A AxZ=A FAHE] 52 E(SIR).

UAA, d71e]l die] ZrAAE SdA R Tt HAdE =2 2
T ZRALE Tl A 549 Baem s o, dd e Id)
S 7Iwko 2 3 VBA(Visual Basic for Application)E 2-&3}o] 7idts}dch.

Oko
=
O
Q
i
o
N
N
o
[
&)
au’
P8

2. 712 AB ZFA

B AT A AkahE BFY Asde] B g AH5 mae A s

ato], - 24T AdER AAT S ofvtEe e Bgd A adS 485t

= AR S ABSAT. BFY AsY BYe Astel AT F U S olE
B Axde HaAe Anel we, 244 dEd wgd Ao
24 ool wEol /g 48sEol At (1410 oleld AHARE EdE, Ag
5

s 49719 B S % 19719 By AwEel e FAPRE &
Ao, el <E 360259 <E 36-03>¢ FAF HFD Y D A

30) California Energy Commission Energy Technology Development Division (2001). A guide to
photovoltaic(PV) system design and installation, 1st edition., Endecon Engineering, California.
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of st A ZTEHE xZZ Ay ste] AAE AHolt)
<H 3-6-02> EHUT IjE Z2m
o 82 |28 82 | 4. (o 3J1(mm)

Bl =t W) % |FTE RS T Az ) | on
1 SM-42KSM 42 14.00% 5.00% 505 680 38
2 SM-48KSM 48 14.00% 5.00% 560 680 38
3 SM-63KSM 63 14.00% 5.00% 715 680 38
4 SM-70KSM 70 14.00% 5.00% 795 680 38
5 SM-83KSM 83 14.00% 5.00% 920 680 38
6 SM-165PA0 165 14.00% 3.00% 1587 790 38
7 SM-200PD0 200 14.00% 3.00% 1460 980 38
8 SM-200PJO 200 14.00% 3.00% 1460 980 50
9 SM-200PKO 200 14.00% 3.00% 1460 980 50
10 SM-220PK0 220 14.05% 3.00% 980 1620 50
11 SM-224MHO 224 14.21% 3.00% 980 1620 50
12 SM-232MHO 232 14.75% 3.00% 980 1620 50
13 SM-240MHO 240 15.20% 3.00% 980 1620 50
14 HIS-M188SF 188 13.00% 3.00% 983 1476 35
15 HIS-M191SF 191 13.20% 3.00% 983 1476 35
16 HIS-M194SF 194 13.40% 3.00% 983 1476 35
17 HIS-M197SF 197 13.60% 3.00% 983 1476 35
18 HIS-M200SF 200 13.80% 3.00% 983 1476 35
19 HIS-M203SF 203 14.00% 3.00% 983 1476 35
20 HIS-M206SF 206 14.20% 3.00% 983 1476 35
21 HIS-M209SF 209 14.40% 3.00% 983 1476 35
22 HIS-M212SF 212 14.60% 3.00% 983 1476 35
23 HIS-S197SF 197 13.60% 3.00% 983 1476 35
24 HIS-S200SF 200 13.80% 3.00% 983 1476 35
25 HIS-S203SF 203 14.00% 3.00% 983 1476 35
26 HIS-S206SF 206 14.20% 3.00% 983 1476 35
27 HIS-S209SF 209 14.40% 3.00% 983 1476 35
28 HIS-S212SF 212 14.60% 3.00% 983 1476 35
29 HIS-S215SF 215 14.80% 3.00% 983 1476 35
30 HIS-S218SF 218 15.00% 3.00% 983 1476 35
31 HIS-S221SF 221 15.20% 3.00% 983 1476 35
32 HIS-M209SG 209 12.90% 3.00% 983 1645 35
33 HIS-M212SG 212 13.10% 3.00% 983 1645 35
34 HIS-M215SG 215 13.30% 3.00% 983 1645 35
35 HIS-M218SG 218 13.50% 3.00% 983 1645 35
36 HIS-M221SG 221 13.70% 3.00% 983 1645 35
37 HIS-M224SG 224 13.90% 3.00% 983 1645 35
38 HIS-M227SG 227 14.00% 3.00% 983 1645 35
39 HIS-M230SG 230 14.20% 3.00% 983 1645 35
40 HIS-M233SG 233 14.40% 3.00% 983 1645 35
41 HIS-S218SG 218 13.50% 3.00% 983 1645 35
42 HIS-S221SG 221 13.70% 3.00% 983 1645 35
43 HIS-S224SG 224 13.90% 3.00% 983 1645 35
44 HIS-S227SG 227 14.00% 3.00% 983 1645 35
45 HIS-S230SG 230 14.20% 3.00% 983 1645 35
46 HIS-S233SG 233 14.40% 3.00% 983 1645 35
47 HIS-S236SG 236 14.60% 3.00% 983 1645 35
48 HIS-S239SG 239 14.80% 3.00% 983 1645 35
49 HIS-S242SG 242 15.00% 3.00% 983 1645 35
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<H 3-6-03> B QIHEH =22
ikl 24y 28 28 (%) 2 (kw) &L (%)
1 HPC-012SL-K 94.60% 12.5 3.00%
2 HPC-030SL-K 94.60% 30 3.00%
3 HPC-050SL-K 95.80% 50 3.00%
4 HPC-100SL-K 96.90% 100 3.00%
5 HPC-250SL-K 96.90% 250 3.00%
6 HPC-500SL-K 98.00% 500 3.00%
7 PV-C310S/H 90.00% 10 3.00%
8 PV-C315S/H 90.00% 15 3.00%
9 PV-C320S/H 90.00% 20 3.00%
10 PV-C325S/H 90.00% 25 3.00%
[ PV-C330S/H 90.00% 30 3.00%
12 PV-C335S/H 92.00% 35 3.00%
13 PV-C340S/H 92.00% 40 3.00%
14 PV-C345S/H 92.00% 45 3.00%
15 PV-C350S8/H 92.00% 50 3.00%
16 PV-C3100S 92.00% 100 3.00%
17 PV-C3200S 94.00% 200 3.00%
18 PV-C3250S 94.00% 250 3.00%
19 PV-C3250CE 94.00% 250 3.00%

3. A Az 7Y

7}. Pareto front 7ido] ¥Z43 HFs A

H Ao = Pareto frontet 2l 1 Mdol 4zate], ekl A 2do] of
& thZhAQl W 9% vEA HA5 2de s A9 A7 9@ A
A9 AEE Fo /1T A7 @ARES delsgh oleld #AZFE B,

w ATelA HHs 2l s fle e A taat 2k

» [29 3-6-02], [29¥ 3-6-03]3} #o], Pareto front 7@l Aztste] HA & 3

 JE ATl AN e Be meAse 44 Bedd 2ae Avad

%)
= A duYSGA)E FEste, A3 daglss FEY 2Es AR
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Zy

z,

[O& 3-6-02] & Ko ==X&r=0l st Pareto front

[Z2¥ 3-6-02]+= Pareto front® 71dS AWsta 9l Pareto front 9o S+
owgt it v ity vlulste], Zs, Zp el HA S EAsEe Aol A
EAo $LEA] ¥t = Pareto frontys A E 9SS AdEr] o]gE tetEY

Aee o

Zeh |
< i Area (4),
Area (2), é which Al a dominates
which is indifferent |
i &
!
| AlL @
___________________________ I.__________________________
Optimal | Area(3),
Solution | _which is indifferent
Set N\ i
i
|
Area (1), :
which Al o is dominated EJ],'E
i

[1& 3-6-03] The non-dominated area® = =5H & &
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[19 3-6-03]2 Alt. & 7]|Z22 FIHE Area (1) - Area 4)E FE3}o,
the non-dominated area®t A& e /MIS Adsta vk A, Area (1)&
Alt. as} WlaLsto], 27)¢] FHA3st 543 o] il 43 S v
2831, Area (1) St & A2 $4S dAdslr] o]8e getse H3S gHo
HAs FAgoleta @k =4, Area (2)9F Area (3)2 Alt. a8} Bl ste], 2719
A3t HAg ol R 43, Fong s ndn AA, Area (D=
Alt. ast HlaLste], 27)¢] H A5t H23 g o] dia] dobd e ovd

olg1g pde F i oo HAs &

[29 3-6-04]= Al 7He] HHs} Z4FFol tsto] MdH o= A st gl
Aol M A et EdE 339l o] o] yApglor gAo] shgsitt o] H 3 A5
o=, & ATolA Atel=s 52 HAst 2l 47bA] Fo A= s
e Ae S8t 28T 5 Ak o= FHelA A AR Fhoh
Non-dominated
Optimal Soultion
| (ZnZsZd =

Z,
Zy

[O& 3-6-04] 3XH Z2H0IA 2l non-dominated optimal solution
g AR e 2 ARE F5Y

9E4 H45 29g T80 A AR e ded 2
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AA, Z2AE 56 weh Fojy HAS SA9r ges £33 s "ok
A, (2" 3-6-05]91 UEd Sad @) F2-EZ), F oA A (3-6-0D)%
(3-6-02)0l 9]&] Ak=a 5= Qlt}sh B Apo| A= HH 3 22
e, AddiA AxzAel cHAZPAINPY), doH AZ2AM e FAWH s E

— ’

N
5
d
r

(SIR) 5 374 = Aelslazt 3,

{Zmax Zmax Zmax} (3—6_01)
7: {me Zmln mlﬂ} (376702)
AR A=K
7 =24

AT, 25 2 AN S BAYSE A B, C 27hel A
A

:
A 75, 7 AR sk BARSE A, B, C 27tel A%k

7 e
criteria space

[08 3-6-05] & 2& Y =ZHH (hyperplane)

=5

[19 3-6-05]o14 &9o= 3EAI¥ whole criteria spacedl] &=A3tE= & &
(3-6-03), (3-6-04), (3-6-05)° & E#3a + 3

Z me

e — (3-6-03)
Zm ax __ me

Sy =

31) Gen, M. Cheng, R. (2000). Genetic algorithms & engineering optimization, New York:

Wiley-Interscience.
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SB = max __ Zmin (376704)
B B
7. Zmin
SC - mc’;x Cm in <3_6_05)
Ze" = Zg
Sal Za®l XT3 g
Sg: Zp9] ®F3kE
Sct Zcol A+ #k
SB A
Fitness Fitness
Function (i) Function (iv)
14+ 01)@ - —— g el
i - T i
i - iy i
1 ~ b i
| b |
1 \- 1
! 3!
!
i
Ii
i ;l
i i
R /o
B =
P~ s i
LSS Je
R S
Fimess Fimess
Function (i) Function (iii)
| | .
T T >
0 1 8,

[OE 3-6-06] Ul 72 gt &= Mg

D 7t7tel Amel w97k AR HE Aol wAE AFe AHA AA

=
T ey, ols Fl T Ane rteAE A48T = A "

ot

@ Gen and Cheng(2000)2] ol A+= zero division scenario®] tH3F A
2 ddstd 2y, Zheng 9 22(2004)9] AT M Bi}e 7)F

32) Zheng, D., Ng, S. Kumaraswamy, M. (2004). Applying a genetic algorithm-based multiobjective
approach for time—cost optimization, Journal of Construction Engineering and Management, 130(2), 168-176.
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AR Qe S T (0% 1 ADE YO RA
s shelch whE, L Aol AHe BAGse] U EEsE

8 o213t wAlE FttstAl el A skl

Hx

At 2 AFNAE 7t FEEE A2l (weighted euclidean distance) &3k
om, o= 4 (3-6-06)3 2tk
wed, , = Ew x ( ,0 < w; < land Ew =1 (3-6-06)

1=

wedyyt X2k b Akl 71 22 = 72 (weighted euclidean distance)
xi 54 dlole e M Z3 g

bii xigke] al? 7IEgk (0 == 1)

FeAE s Ad e et HES % AHP W, HAF AR
o] oA, SAAJA 71 T wg chFEA EAG B AFME A e
A= oA et

(29 3-6-06]el A AlAIsHE whel o], B Ao Al Aetals v HA s 1

e A (3607~ (361007 2 47Hx fFae] AFE F4w TET 5 AT
ZRAE S wel Jojd HAs BAFo Ao whef, A A3 e 3
5 A4 4 vy Zbzhe] Z $-ol Fitness Function®] #%3te zHA @ w 4
3} T2 FeEct

Al HA 3 HAF gy Be HAs S @s BF HALstee 459
A3t A A (3-6-07) 3 2Tt
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(3-6-07)

VW < (84— 0)2+ Wy < (S5—0)?

Fitness Function (i)

HZ AL AA A7} FA =

R
=
#

3

|

X

g 7k

RS

N AR A

Fe

s

W, Ast Bl #4s}

= =
=

o &

o

)
)

HAstH = Aow

2 (3-6-08)3F 7},

2~ 2] .0
'T‘}’\Jlt‘

1

T g

ol
T

o

(3-6-08)

VW< (8, —0)2 + W< (1— Sp)°

Fitness Function(i7)

o

e

5

)
o

e
N

=

A

B’

oy
0%

A

J_AO
I
o
4
N
el
N

TR

el

2o 2 (3-6-09)9F 2t}

(3-6-09)

Fitness Function (iii)

. 293 Be A48

o

g/]

(SIR)

1

)

21 (3-6-10)3 .

2~ 2] .0
—I‘/}‘}t‘

S}
=]

T
a

ol

S|
S|
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o]
2]

(3-6-10)

ba Col 243}

°

| (NPV) e}t F2hen] 4

A 7=

So} Ash B HA35

=

=

Fitness Function (iv)
WS 3709 Aol E WAk 2709 9] 47k el B St v

B g Ao

o
E(SIR)Q

ATH.

= o X R
el o
© g m ] w o
Mr\ *T mr o]
- 7 A oo
) . A N oo
) 3 R <
N R = W=
2y = T PE oo
= X A N -
0 SO i
© T Jlo
_ v G4y "R S
© > ST S
= 3 Tas <
N 2 m Gl
o]/ ) I SRA —_ o
=T x = > A
X o oR —~ o°
% = LR R
r SO - - o
i = [z g z°
" | N X i M AR
N A oF (- G a "
o) vt _16rn = U.._ o
X o o = =
of- RO 2 oo o x T
o N X< KB T W Y
R = B W o 4 A
T I o o AR " ) Zo o
o ~ Mo ) = I
oy = N < e oW B 00 ™
w s : e g | colliey
) g R I <] < <
g O m O < o
ol g oo i X o T
i~ o '3 Ao o s =
(- ¢ 4T E & G
Ca 5 @ T I
x oA W W < N ANy
Hr AR W T
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f Ok ‘= \
1. B3 A 2=H] . ‘GAs'E 0] 83 . ‘RETScreen = ©]-8-3+ 5.LCC & L.CCO,
DB T3 i"é‘i‘E ﬂk‘lﬁ_*b‘%ﬂlﬁl_
L/ PV Inverter PV Inverter j @A (NPV)
. >
g% w) Taw W) | 8% (W) : Ao ] o 1 %) A 7]
CEE (%) i S D) f— > ae @ | G
L AEA %) g (%) ‘ A=A (%) | |- &= BEP)
NIRN
O e ST i =
BT W) 1| e=w 3 EF W) : 4 o s
CER %) o — a5t w o —> 58w | 6.
LREA (%) | L dEd %) SREA (%) |
REERT I RETREE -rasssw I j:}j]jj s
e el m) cAdEd e | A,EE ): S
lk i L= S |
A P = [ e
a1 B - o ) | e an
et o8 saagass |1l N
g ‘& =R ﬁ]}l& l ')\91]_57]@(]313]))
245} 24351 oAk B (8) :
S (Maximum) = =
== - - AT I
H A3} A2 A&7k ‘5'1;31 A= m’) I (Fitness Function)
(Maximum) | —_—
v o o | AR
\a 2 A3} A3 3 ) (Minimum) : \_ - )
NeHoz By Ada e W@ Fug A AF 9 =E
(sub-module) S TF53FA T o] AKX = RETScreen’ ¢ 2= Al A A A Al & o]
A Z2ade] ez dgn Andoz e AikEs AbEsA . o
A3 LCC9 LCCO, 49 84z &85, Ayroz &3 A7 (NPV),
FAH] 9] & (SIR), &2 71 F(BEP) ¢ A#ZE AEeA dvh ®=3h o] Ay
v A48 290 Qd4due F4H6, AFHon 4w Y48 VHEAIE 4
4 A cke] mEHh
 AFoAE o8t dHe] Z2AAE TFEIZA sty 9std, fHaxt
A1 F(GA)S &3t oleld TR oA, BfFd A=ge] B s
g Al e E As A7V g sk EEd A8 dle 23EHE AUl
AN 9% S8 BES FEEAT e AR AE ddd 27
Ao ms HIFANRES Ha W24 5T ¢ Ak E=g AlEwold Aol A
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(EPB) 7} X1, AA3} 54 8F2NPV) 7HE %12, 243}

3}4=3(SIR) 7} %] 3.
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o] R A7 Wit A3}
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® AH3} BAFFL HFA
® AH3} BAFF2 7152
@ AH3} BAFE3 71EA3

B ATAE A geol TgEE A4 2AGR gl AT A

A F UA=F itk 9, A s AFFoEA B Ve Auge F

WAl olop sl A s MAdstA "ok [17 3-6-0814 AAsE nhe} 2
o, ik BE, Hgsks WA @, HE AY AT FE 3 39 Afras A
aksich
#FR}: 2} F 2 3} v 7 ¥5 (e.g., ToP, Tol, SoP, NoP, etc.) A FEH
i} i}
AL | a2 |
oF 47 —>| TopP Tol SoP NoP =',;_{ g_ﬁ) ='q( g_ﬂ) 4 g_ﬁ) o} FE| HA FE| YT FE
A 6 33 239 1 1 1 R P L
_T_
Rk
[ 3-6-08] SAXA Lnel&2 I HE

H
5
L

o HFF A" HHAEA

SEN L

e
9

Aol st at st FFEUEAANE oY ZEAAVE BEAoR A
Ho] 9lar, 3 o] ZRaPEo] FAl FEEofof gtrh AR AlEH
23S RETScreen’, 44 ¢18& £ ‘Evolver, LCC 2 LCCO,
EAET, 054 43t 5o ZmAlx g o mE ZRago] HiAor A§
Ha vk wEbA, o] ZRAAE FHAFOEHA, B Aol A At EEd
o 874, AFA, BB T5 FEAACK T ol E f8) A ZRIOHNE T
2 3} VBA(Visual Basic for Application)ZS 83} t}.
AT AR gejg ARgA JIEF o] ~(GUDE [ 3-6-09]9F

© Part (1) : G52 HHso] LIND BE W5Z QA5 9skel, A=
Mg gt AR Ade] we, X Wi F

A RoF & Yk

ko
k1
il
)
o\
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of A}, o2k BE, HE7)
Mee T,

@ Part (4) : 95A AA5E TEAT7] QaAE, 2Hzte] BEEse] 44
2 0%} 1A10)9] AR HEHAZ Bt Aok 4] (3-6-03)~ (3-6-05)%
g3 Hoh.

©
)—U
Q

a3
a
=
®)
e
SE
=
@)
®)
@
Mo
1%
i)
i
fru
>
ki
rf
(i

el Zejrt, 7] Ak,
I AT AREARE] 8l
whel ohket Ao aE e BE AAAZ 9
® Part (6) : 2 HHs} Ay2r EFd T Zolth Part (DA &3
Mz A4dd S48eE e wAE 249 #xe a=ZE A st
J 1

At 3aked oo HA% R Y A= FdrE 22 HER A

Variable Selection
08319 Weight
249703740 60,646,858 03719 0 FALSE
924434539 £09453,701 04082 1 TRUE
Tarzet Value
479,764,622 320425049 0.8380 1 TRUE
4898 1703 03101 1 TRUE
u 4 04288 0 FALSE
1 49 LCC & LCCO? Analysis Results (NPV): PV system
1 19
| A djustable P
e 60
1 1000
261904500 Maximum Buodest 400,000,000
Constraints 1,064
95870 g Coxt Baran
1) .1
Q---=---mmo------ °
0 0s = oss " i
= B 2 I Parsty ¥ e, J
H < g 1 fiont >, 1
3 = 3 1 &9
3 o . § ! ol
3 g 3 N
g £ E " CEERY
] ] \
= B &
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1. Library (Sample)

[ Microsoft Excel - RETScreent-1

D9] ple Edt Wiew [nset Fgrmat Jook [Data Wndow Help  Adcge PDF | BETScreen
A0S A7k B 0 oS x AL s ess @ i relunicodems 200 o) B [rTu] R ]S e 0 sk i i o - A
[d - &

i+l

e Resowses Bessources naursies

Canadi

RETScreen® International

wwwirelscreen.nel

==
Canaci
W 3
Project inlomlitiul@ i’
5|
Prujeed nae: User-defined
Propcl bcaton Carada " ———
. Pirejees rame. - 1
Fresaced for [ Ui l :
Frepared by | Sutar waler Prealer Hck v
Heatng Solar ar hesser Precess - Crog dnang
—— - g A cing ] Heatng Salar nr hesser Induatrisd - Traeespined-pinte K
Power hatovata 100 kW I
Ansiysniyoe [ T ] Erergy esisene, mensuren | Commersal Buikding enriope - Window
Combined heatny 8 coving | Heal pumo - Grownd source Wareshouse
Heang [ Higher reating 1 ] Eneray #cency measures | Ingustral Hotat resouny - Recipracatng engne
Show settngs Erergy esisieney mensren | inatral reintien
User-detned Lnargy Genenc
Erergy esiseney mensren | inatral Fans
Site iti Selt i Ermrgy eSicency messwres | Industrial Procass weclicly
| Energy emoency measures | Hesdental Buiding enveiope - Apariment buldng ad
Camate data locaton [ Umawa bl Arpert ] —
@)
Show data @ _l\” 7 E’ o b

T ————————————

UNEF F

@ Project information
= See project database: Of|Xf| I} Library
@ Templates, Case studies, User-defined
« ZE2HE Typeo| M2t Ysts XAE MEIHs
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=
[ RETScreen Version 4 o i — =
s
W@ | meew | 2 | 2400 || Fuel type

i:entre Overview

@ Software & Data

@ Training Course The user selects the fuel type from the drop-down list. Depending on the selection of "Heating value reference” in the

@ RETScreen Help & Contact Us Start worksheet the relevant heating vahe will be used for the calculations
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3. Main Pag

e

WeatherHDD_1 =~ £

PO o fesoces Busioces carssses

Canadii 5

v =
RETScreen® International ‘,"( r
i, iTAS <

www.retscreen.net

P |
Proparnd ke _I
Prapared by

Praject type [ amianed heating & cosing 1

Anatyses type [ Wsthod 7 1

Heating abse reference [ Lower heating vaue (LHV] |
Show settings |

+ clmate etz bt

Site reference [ B l

Chmata data lseation | s 01 Ao ]
Show data [

Project information Ses project dstabase

@ Project name
Project location

Prepared for
Prepared by

Project type | Combined heating & cooling |
Analysis type | Method 2 |
Heating value reference | Lower heating value (LHV) |

Show settings [~

Site reference conditions Selecl cimele £ai8 maalion

Climate data location | Ottawa Int’| Airport

Show data [

+ ZRME 7|2 Y2 YROE mZEME F X, DA 5 DEHE B V|2 Fe
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ENE Ol %] AlAF

4.1 Start Sheet

® Project type | Power
@ Technology Photovoltaic
Grid type |solated-grid
©) Analysis type | Method 2 |
@ Heating value reference | Lower heating value (LHV) |
Show settings [
Site reference conditions Selecl climate data focarion
Climate data location | Ottawa Int’l Airport
Show data [
@ Project type
= Power
@ Technology & Grid type
= Technology: Photovoltaic (Ej2F2)

¥S

—

* Grid type: Central-grid(E{ QF 2!
Isolated grid & internal load, off-grid

CtX|), Central-grid & internal load, Isolated-grid,

— Isolated-grid: MHASC=REH THE SSUAX| Xote YLt X, Felsi,
FoASAL S0 =X AHHE 0|85t AHF Fot = W7 2510 d8HE 35
Ct. A48 ™A S SESI0 EjYE L™ HMeitoz 210 Mg Z3ZotH, Lo
=8 dS E&517| fI5t0f 25t L0 Ml TR EXUFIIE AHES= A0 ¢
HI A 0l
- 10

® Analysis Type
* Method 1: 7tHE
Method 2: &M EAM

@ Heating value reference

M
1

* Higher heating value (R &7tX| =&t
* Lower heating value (HE& =z |4t

= 420 siE)
Al LHVE 0| 8)




MY MOYLIX] A|AE 2A £ (RETScreen) AFEA} O+ 2

Project name
Project location

("Rerserean @ =)

Prepared for | | Country - region [ Korea, Rep. of (South) -
Prepared by | |
Province / State [ ol =]
i Seoul City -
Project type | Power | Climate data location | |
| | Latitude N 76
Technology Photovoltaic =
i E Source
Grid type | Isolated-grid | Longitude =r

Elevation m Ground
Ground

°C
Lower heating value (LHV) ] Cooling design temperature @ T 307 Ground
°C

Analysis type Method 2 ]

Heating design temperature

Heating value reference

S

@ Show settings [~ Earth temperature amplitude 19.9 MNASA
Air Relative Diaily solar Atmospheric Wind speed Earth Heating Cooling
temperature humidity radiation - pressure temperature  degree-days = degree-days|
herizontal
: e Select climate data focation
Site reference conditions |
T % winmra | kPa [ ms C “cd “cd
Climate data location | Ottawa Int'l Airport | Jan = o o T = = = :
Feb -1.1 549% 276 101.3 27 0.1 535 0
Showdata [~ Mar 45 55.6% 3.47 100.9 29 59 419 0
Apr 118 56.0% 438 1005 30 138 186 54
May 17.4 63.2% 4.69 100.1 26 192 19 228
Jun 215 69.1% 429 99.7 23 2341 0 345
PRy Jul 246 T8.7% 3.25 896 23 245 0 453
i "; ) Gomplete Energy Model sheet Aug 254 76.2% 3.55 88.7 22 248 0 477
WYy Sep 206 69.4% 352 1003 20 206 0 318
INE Oct 143 64.3% 3.03 100.9 20 144 115 133
Now 66 61.4% 205 1013 24 62 342 0
Dec -0.4 57.8% 1.70 101.4 24 0.3 570 0
pnual | 128 [ &7 [ sz [ wes [ 24 [ w25 [ 288 [ 20w
Source | Ground | Ground ‘ Ground ‘ Ground ‘ Ground | NASA | Ground | Ground
Measured at 10 0

@ Site reference condition (X|¥)

= Select climate date location

@ ST x| M
= Country —region: K| MEH (Of: CHSHRI=- Korea, Rep.of(South))
= Province/ State: n/a
» (Climate data location: S|& = A| AEH

— . == o = = X It
- 24 7|‘O X|o_:1| Ol_I-OI X-” I_xl Ixjxl xE‘I_IEII [ Ry} 3‘31 %OI
x
g

I, Q4 WHEE 84 réiE—'.*, ME, MTIZE &
Ab Q)

® 7Z|=HolE

. 5H'é*7<|9”|9| 'é*MI(-?IE, d, 1k, HEEE2E, dYEF2E 72 XS2k9 HeE,
o
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Site reference conditionsl SEecl Ciste d5is ieeaton
Climate data location | Seoul City |
Climate data Project
Unit location location
Latitude N 376 376
Longitude ‘E 127.0 127.0
Elevation m 86 86
Heating design temperature °C -9.6
Cooling design temperature o 30.7
Earth temperature amplitude G 19.9
Daily solar
Air Relative radiation - Atmospheric Earth Heating Cooling
Month temperature humidity horizontal pressure Wind speed  temperature  degree-days  degree-days
% % K\Wh/m?/d kPa m's °'C °Cd °’cd
January -34 56.8% 194 1014 25 2.8 663 0
February 1.1 54.9% 276 101.3 27 -0.1 535 0
Iarch 45 556.6% 347 100.9 2.9 Lo 419 0
April 11.8 56.0% 433 100.5 3.0 13.8 186 54
May 174 63.2% 469 1001 26 192 19 229
June 215 69.1% 429 297 23 231 0 345
July 246 T78.7% 3.25 99.6 23 245 0 453
August 254 76.2% 3.55 99.7 22 243 0 477
September 206 69.4% 352 100.3 2.0 206 0 318
October 14.3 64.3% 3.03 100.9 2.0 144 115 133
MNovember 6.6 61.4% 2.05 101.3 24 6.2 342 0
December -0.4 57.8% 1.70 1014 24 -0.3 570 0
Annual 11.9 63.7% 322 100.6 24 12.5 2,848 2,010
Measured at [ 10.0 [ 0.0 |
@ Complete Energy Mode! sheet

RETScreend 2010-09-22 @ Mi Canada 1997-2010. NRCan/CanmetENERGY

4 4 v M Start “Energy Model “Cost Analysis ial Analysis ~Risk Analysis

@® Show data
X G| IM(RIE B 1k, HHEAER2E, WHEERE, 72, XS2Eo HIE,
712, Sk FEE A, 7Y 35 XS2E, dHE =Y )E = = U2, 5t=M

4 oto] L§g £ 7ts
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4.2 Energy Model

Technology 1 Photovoltaic 1
Analysis type ® « Method 1
- Nethod
Photovoltaic
Power capacity [ See product datsbass
Manufacturer | |
Model | |
Capacity factor %
Electricity exported to grid MWh 0.0
Electricity export rate S/IMWh I:l
Technology Photovoltaic
Analysis type 2 ethod
Resource assessment
Solar tracking mode Fixed
Slope :
Azimuth : @
E Show data
Electricity
Daily solar radiation - Daily solar Electricity exported to
Month horizontal radiation - tited  export rate grid
KWhim*d KWh/m3d S/MWh MWh
January 1.94 1.94 #DMVID!
February 278 278 #DMViD!
March 347 347 #DMin:
April 4.38 438 #DMVID!
May 489 4589 #DVID!
June 429 #Dvin!
July 3.25 #DNVID!
August #DMID!
September 3.52 #DIID!
October 3.03 #DNID:
Hovember 205 #DI
December 1.70 #DII
Annual 3.22 #DIVID! #DIVID!
Annual solar radiation - horizontal MWhim? .
Annual solar radiation - tited MWhim* 118
Photovoltaic
Typs
Power capacity KW See product database
Manufacturer | |
Model | |
Efficiency %
Nominal operating cell temperature c 45
Temperature coefficient %I 0.40%
Solar collector area m #DIID
Miscellaneous losses %
Inverter
Efficiency %
Capacity KW
Mizcellaneous losses %
Summary
Capacity factor % 0.0%
Electricity exported to grid WMWh #DNID

» Analysis Type
@ Method 1
C ZHEEN: W CHY BYE MAZE B
@ Method 2
dMEN E Rl B diEE 'Y

@ Electricity exported to grid
o

- Method 22 241 3t ZQ 1Y 122 NI MAE|= SN2t 17|
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Technology

Analyzis type

Resource assessment
Solar tracking mode

Slope

Azimuth

Photovoltaic

« |Methed 1
a [Method 2

Fixed

@ Resource assessment: Solar tracking mode, Slope, Azimuth

= Solar tracking: Fixed, One-axis, Two-axis, Azimuth

S EYBS UNT O DAL FHACE RREC UXB0| XA HE

BHE0l H5. 2ite2 NEYE EfYE A2 (Fixed)S BO| AL

A H|
— 3

mjo

* Slope(ZAt2Z})

- BT mo| ZAE 20|

30-40E2 AX| & 42 =

* Azimuth(2 )

=Yz

o
=B

10
=
02
ok
=

One Axis Tracking

Two Axis Tracking

Azimuth Tracking

tH, XS0 et x2Hel Z=vr Zetdnh fE|Lete] B2
A

S LIERY,

- H®= 0°, A= 90°, £= 180°

- B2 EHYUUHXIE &7 ?loiM 0922 2K ot= A0| EtEE.

an" W
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Photovoltaic

Type | mono-Si | ®
Power capaciy KWW [ |

Manufacturer |

Model [

Efficiency o [ [

MNominal cperating cell temperature C 45

Temperature coefficient %/ C 0.40%

Solar collector area m* #DNIO!

Mizcellaneous losses % |

Inverter

Efficiency %

Capacity KW @
Nizcellaneous losses %%

Summary

Capacity factor % 0.0%

Electricity exported to grid MWh I I @

® Photovoltaic
- HE ZE AN MHE FIERO 28)
= Type: Mono-Si, poly-Si, a-Si, CdTe, CIS, spheical-Si, other (product databasejA] MEHT}E)
- Mono-Si(ZHZ7E), poly-Si(CtaE)E 7t B0| AHESIH, Mono-Sio| poly-Siof B[S 7+
Of HMA 2&80| F2.

= Power capacity: MX|gt E

00
oH
o

n
10
ofo
i
o

g (22
* Manufacturer: E{2t D E S|AIH (MEH7ts)
* Model: EjQ¥Z DEQ (MEHIIs)

o

= Efficiency: 2 & 28
* Miscellaneous losses: PV 02{0| &=A(E&E 0~10%L{Q|)

N 8 x 2X BE )

@ Inverter
- HE RE A HE IEED 28)

= Efficiency: DC, AC B2l @ &(E& 80~95%)

» Capacity: AX|g QHE 22HMX|L|= 2-E2| Power capacityQt Zt7{Lt &=0t0f &)
- AX= PVe| M50 ¥e2 O|X|Lf, RETScreen& O A= PVAIALZY| FSFE FX| U2

* Miscellaneous losses: QIHE Q| &A(EE 0~5%LH2|)

[ aHA]
® Summary

1ESO| HYF YATS e,
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5. X|E Of|L{X] AlAF

5.1 Start Sheet

® Project type | Combined heating & cooling |
@ Analysis type | Method 2 |
@ Heating value reference | Lower heating value (LHV) |

Show settings [

Site reference conditions

Select climate gata location

Climate data location | Seoul City

Show data

@ Project type
= Combined heating & cooling
@ Analysis Type
* Method 1: ZIHEAM
* Method 2: &M&24M
® Heating value reference
= Higher heating value (RtE7}X| Zate|= A0 sigh

» Lower heating value (HE ¢2 A 2

>
=
-
T
<
i
°

@ Site reference condition STt x| 7| & GHO|E MEHiOZ p.5 &1
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5.2 Energy Model
> XE AM2H =Y W Ao HHY

» Heating project

ret
fot
mjo

RET5creen Load & Network Design - Combined heating & cooling project

Heating project

Basze case heating system |

Single building - space heating

Heated floor area for building | m=

Fuel type Matural gaz - m

Seasonal efficiency Yo

Heating load calculation

Heating load for building | Wim®

Domestic hot water heating base demand e

Total heating WMWh 0

Total peak heating load @ kWS 0.0

Fuel consumption - annual o I

Fuel rate ime [ |

Fuel cost 3 -
Proposed case energy efficiency measures

End-use energy efficiency measures %o | |

MNet peak heating load A 0.0

MNet heating WM¥h 0

@ Base case heating system
= Base case heating system: Single building — space heating
» Heated floor area for building: H8/0| O|R0{X|= HA
* Fuel type: ttdt A 2 E}QI(Biomass, Coal, Diesel, Electricity, Natural gas, Oil, Propane &)
= Seasonal efficiency(%): HtEt @& (% HHYE 7|E HEF Cop 100HHE AUH)
= Heating load for building: ™A & AH|E|= HEF 2512k (Fuel consumption —peak2|
ZAa ga A2A M3g 32 €A M4E 7Hs)
* Domestic hot water heating base demand: 8} 235} & 20| &L= Hl&
@ ZAag

= Total heating: Season efficiencyZ} 100% ¢
&7t QI 5= 13 HHESIEF0 2 Energy Model THAH|Of| A

= Total peak heating load: =
Capacity 0ff =5}{0of st= X

* Fuel consumption —peak: &7+ =

==

o

s 7Hgotgls M A

=

==

o

h O A X

ot Ol x| B[
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» Cooling project

Coolngproject e

Base case cooling system | Single building - space cooling |
Cooled floor area for building @ | m
Fuel type Electricity

Coefficient of performance - seasonal
Cooling load calculation

Cooling load for building | Vil

MNon-weather dependant cooling %

Total cooling WMY¥Vh -

Total peak cooling load @ KW 0.0

Fuel consumption - annual I¥h 0

Fugl rate skwh | |

Fuel cost 5 -
Proposed case energy efficiency measures

End-u=ze energy efficiency measures e | |

Met peak cooling load kW 0.0

Net cooling MWWh 0

1 Base case cooling system
= Base case cooling system: Single building — space cooling
= Cooled floor area for building: WH&0| 0|20 X|= HA
* Fuel type: W8t A= E}Q(Biomass, Coal, Diesel, Electricity, Natural gas, Oil, Propane &)
» Seasonal efficiency: el B8 (Lt Cop: MsBe4 UH) Itz &8

= Cooling load for building: HA =t AH| L= WYl 23512k (Fuel consumption —peak?| Z

o o A=A HIAYg 4 A 4E 7Hs)
* Non-weather dependent cooling: ZMQ} A2QI0| WHEIO| AFRE|= 2O H|E (Of:
g0, AFH MHA &)

@ Zuz
= Total cooling: Season efficiency7t 12 7431 S If ZQst ¢7t £ LHEE of 4 X|2F
= Total peak cooling load: =7} Q@3 k|= H|3 WHHHLESIZFO 2 Energy Model THA|Of|A
Capacity0| =3}{0} 5t= %
* Fuel consumption —peak: 17t & Hdl oL X| AH|EF

LH &=
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5.3 Energy Model

> XY AAY 2EY

» Cooling system

RETScreen Energy Model - Combined heating 8 cooling project
Proposed case cooling
Base load cooling system
Technology @ Heat pump
Fuel type Electricity
Fuel rate SIMWh 100.000
Capacity [ KW 575 100.0%
Coefficient of performance - seasonal o 40
Manufacturer
Model @
Cooling delivered Mwh o6 100.0%
Peak load cooling system
Technology @ | [ Not reguired ||

@1 Base case cooling system
* Technology: Heat pump
* Fuel type: Electricity
» Fuel rate($/MWh): A2F(2l29)

= Capacity(kW): Total peak cooling load [3.2 Cooling project p. 15 Z1tgF =&]

» Coefficient of performance- seasonal: HYH H&

@ HERZE MY
= Manufacturer: X| g A|AHE

a
* Model: X|GA|AEH Dol (MaF7ls)

® Technology
* Not required

A+ Y
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» Heating project

System selection Base load system

Baze load heating system

Technology | Heat pump

Fuel zelection method Single fuel

Fuel type Electricity

Fuel rate S/MWh [ 100.000

Heat pump @

Capacity | [ K [ 303 | 100.0% |
Heating delivered LWWh %] 100.0%
Manufacturer @

Model

Seasonal efficiency e | 320% [

Fuel required GJih 0.0

@ Base case heating system
= Technology: Heat pump
* Fuel type: Electricity
» Fuel rate($/MWh): A2F(2129)

@ Capacity(kW): Total peak heating load [5.2 Heating project p. 142| Z1tgr =&

© HEZE MY
= Manufacturer: X|GA|AEH SIAIYH (MEFT1S)

= Model: X|QGA|AE DOl (MaEF7ls)

C

= Seasonal efficiency: ttHt @& (% HHRE 7|E HEF Cop 100HHE UHBICL)

—

[Z2}2t]
Fuel Energy
consumption - Fuel Capacity delivered
Proposed case system summary Fuel type unit consumption (kW) (MWWh)
| Heating
Baze load Electricity WWh 20 30 63
Total 30 65
== = =
Cooling
@ Base load Electricity WWh 16 58 36
Total 58 86

@ Heating system
* Fuel type: X|€ Heating A|AH AZ
* Fuel consumption unit: X|€ Heating A|AEIN AIEZ= 9= THY
* Fuel consumption: X|€ Heating A|AEI0| Al2E|= HE AH|ZF
@ Cooling system
* Fuel type: X|€ Cooling A|AH HFE
* Fuel consumption unit: X|€ Cooling A|AHIN| AIEE|l= A& CHY

* Fuel consumption: X|€ Cooling A|AEIN| AIE2E|= ¢z AH|ZF
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