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Abstract: The purpose of this study is to analyze the scope of the expected improvement effect of
office buildings and educational research facilities according to green remodeling. Thus, in order to
quantitatively grasp the architectural performance of the existing buildings, the building thermal
performance, the airtightness, the indoor environment, and the air quality were measured using
equipment. The analysis indicated that the envelope performance and the indoor environment
were unsatisfactory compared to the current legal standards, and for indoor air quality, CO2 and
formaldehyde were measured to be dissatisfactory in some buildings. The energy analysis results
indicated that the improvement range differed according to the renovation history for each building,
resulting in differences in the energy-saving rate for each alternative. The reduction rates of primary
energy consumption using energy simulation were 38.5–67.4% for office buildings and 23.7–66.3%
for educational research facilities, and the payback periods were 14 to 27 years for office buildings
and 12 to 30 years for educational research facilities. These results are expected to contribute to
the activation of green remodeling because they can be used as indicators to predict the expected
construction cost, the payback period, and the expected effect required for green remodeling.

Keywords: green remodeling; indoor-air quality; energy simulation; benefit-cost analysis

1. Introduction
1.1. Background and Purpose

Since the industrial revolution, the average temperature of the Earth has continuously
risen as the concentration of carbon dioxide in the atmosphere has increased due to
human activities such as the combustion of fossil fuels and changes in land use [1]. South
Korea is particularly vulnerable to an energy crisis because it uses a large amount of
fossil fuel energy with a high environmental load and is highly dependent on foreign
countries for its fossil fuel needs. Additionally, it gets very little of its power from new
renewable energy sources [2]. Thus, in order to increase both the efficiency of energy
usage and the utilization of new renewable energy sources and minimize greenhouse
gas emissions, a road map was prepared that aims for a 37% reduction in greenhouse
gas emissions compared to BAU (Business As Usual) by 2030 under the spirit of Low
Carbon Green Growth. Furthermore, a basic plan for construction of green buildings
that includes target setting and directions for promotion is established every five years
under the Green Building Promotion Act [3]. In the first basic plan for green building,
to fulfill the obligation to reduce greenhouse gases, the enhancement of the performance
standard for each building part was prepared and operated. The area of building permits
and construction has decreased since 2015, the number of buildings more than 20 years
old since the completion of construction has increased, and the number of buildings with
particularly weak insulation performance completed 30 years ago, accounts for about 37%
of all buildings. Thus, improving the energy performance of existing buildings to reduce
greenhouse gas emissions has become increasingly important. Thus, in order to revitalize
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the public/private green remodeling project, green building remodeling aging status
evaluation and design consulting was conducted from 2015 to 2019 for public buildings
with high energy consumption due to low building performance, in an attempt to reduce
greenhouse gas emissions [4]. The IEA (International Energy Agency) has described
the potential and importance of energy savings in existing buildings for greenhouse gas
reduction. Further, in order to alleviate the financial burden of green remodeling, the IEA
disclosed national policy contents that provide financial incentives to encourage voluntary
green remodeling participation [5]. For low-carbon investment, building energy transition
must account for greater advantages than simple macroeconomic considerations. The
transition can have many important benefits in terms of factors such as values affecting
health, medical expenses, and productivity, by improved air and indoor air quality, rises
in property values, and reduced job changes among tenants [6]. Paul [7] considered the
characteristics of aging buildings and emphasized the importance of energy audits and
reporting of the audit results (such as audit procedures and methods, evaluation of the
level of deterioration, and user characteristics). The same authors provided A Guide to
Energy Audits as a part of the building technology program of the U.S. DOE (Department
of Energy). The guide suggests detailed procedures such as conducting site surveys and
data analysis, hiring an energy auditor, reporting, etc. [8]. The Energy Audit Reports
comprise the results of the assessment of the level of deterioration of architecture, and MEP
(Mechanical, Electrical, Plumbing), operational problems, and improvement directions
for each area and component. Zenjun Ma conducted a study examining the methodology
of an energy audit, building performance evaluation, economic analysis, energy-saving
measurement, and verification for the energy remodeling of existing buildings [9], and
there have been international efforts to reduce greenhouse gas emissions in building sectors
with various studies such as the study by Emese which presented ways to optimize energy
efficiency using simulation [10]. In addition, improving the energy efficiency of existing
buildings is a top priority worldwide, and not considering energy efficiency is reported to
be a major cause of poor performance in construction projects [11]. It has been shown that
even improvements limited to certain parts and materials, as opposed to comprehensive
improvements, have resulted in thermal bridges, resulting in significant reductions in
energy consumption or no increase in thermal comfort [12].

In addition, the urbanization of modern society and the change in industrial structure
have led to an increase in the number of people who spend most of their day in confined
spaces such as offices and underground stations. According to the US Human Behavior
Pattern Survey, adults spend about 87% of the day in buildings, offices, homes, and schools,
and about 6% of the day in public transport or cars [13]. According to a survey conducted
by the National Statistical Office in South Korea, the time spent indoors accounts for more
than 70% of the day (the time spent indoors: 62.9%; the time spent in transportation vehicles:
7.2%). Accordingly, indoor air pollution problems have become social problems due to
dust generated from building materials, furniture, wallpaper, pollutants from harmful
components, and fine dust from outside [14]. Further, the indoor air quality (IAQ) of
buildings has a great influence on the user’s health and work efficiency, and a long-term stay
in a space with many pollutants is related to sick building syndrome [15]. Amirhosein et al.
said that the proper application of a ventilation system could mitigate SBS related to indoor
air quality, but the application can cause increased energy use [16]. However, it is possible
to mitigate annual energy consumption through the Heat Exchanger Ventilation System
(HRV, Heat recovery ventilation system) and the Economizer Control of HRV [17,18], or to
reduce energy by mixing outdoor air, which is lower than indoor air, with indoor cooling
load generated in the spring/autumn season, through the Economizer Control, in the
business facilities in South Korea with distinct four seasons [19]. Additionally, changes in
the indoor air quality according to the HRV application can be investigated and analyzed
by measuring the changes of carbon monoxide (CO), carbon dioxide (CO2), total volatile
organic compounds (TVOCs), nitrogen dioxide (NO2), ozone (O3), and radon before and
after green remodeling through each technical equipment.
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The market interest in remodeling existing buildings with a focus on energy perfor-
mance depends on the return on investment, so extensive research has been conducted
in the form of economic evaluations, which are performed using net present value (NPV)
and cost-benefit analysis (B/C) [20]. Studies have shown that remodeling can still be
cost-effective and environmentally friendly [21–23].

Therefore, in this study, using data on buildings that were remodeled as part of the
first basic plan for green buildings (2015–2019), the change in energy performance before
and after green remodeling as well as the expected economic effects of remodeling were
assessed. This was done by measuring insulation, airtightness, and indoor air quality;
the energy performance status of aged buildings; and ECO2, the building energy effi-
ciency rating program. We determine that this data can be used as a foundation for those
in charge of the green remodeling business planning in the public office buildings and
educational facilities.

1.2. Literature Review

In Section 1.2.1, we examine the trait of energy reduction brought by green remod-
eling, which is being emphasized as an important GHG (Greenhouse Gases) reduction
method. We also explain problems in green remodeling policy enforcement and supportive
policy tools surrounding this energy reduction trait. In Section 1.2.2, we explain green
remodeling policy of South Korea’s current old building, and support policies to activate
green remodeling.

1.2.1. Reduction in Energy Consumption and Green Remodeling Policies

Green remodeling needs to be implemented approximately every 10 to 15 years to
maintain the initial performance (reduction in energy usage) of a remodeled building [24].
The reduction in energy consumption observed in such a building may depend on con-
struction quality, site environment, and operational patterns; no two green remodeled
buildings are exactly the same [25]. That is, regular EER needs to be carried out in order
to maintain the level of intended EER performance, and the actual effect of reduction in
energy consumption through EER may vary according to the implementation of EER [26].

Previous studies on the reduction in energy consumption brought about by green
remodeling have pointed out that the across-the-board implementation of green remodel-
ing is important, wherein partial improvement in old facilities may encounter problems
that make the intended effects of reduction in energy consumption impossible [27,28].
Similarly, the possible appearance of a “Rebound Effect” needs to be considered for the
development of pertinent policies despite the partial improvement in the efficiency of
energy consumption [28].

Due to the range of uncertainty in green remodeling, Sebi et al. [29] insisted on
the necessity of additional policy tools such as subsidies to activate green remodeling
projects. Among them, providing subsidies appears to be essential, but doing so may not
be sufficiently attractive from the standpoint of the actual performers (the owners of private
buildings). China also carried out a pilot project to revitalize the EER of old buildings in
Shanghai, Shincheon, Tianjin, and Chongqing, wherein the country encountered problems
having to do with the appropriate level of subsidy and economic feasibility of green
remodeling [30].

Guo et al. [31] pointed out that local governments in China focused only on the
green remodeling area allocated by the central government and did not consider the
quality of green remodeling when implementing green remodeling policies. The authors
also highlighted the importance of EER experts and performance evaluation of energy
consumption in buildings.

Xin et al. [32] stated that systematic evaluation of energy consumption in buildings can
be a good strategy to improve the performance and effectiveness of EER. Ciulla et al. [33]
proposed that the evaluation of energy consumption in buildings could alleviate any
doubts held by owners of old buildings regarding the quality and effectiveness of EER.
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1.2.2. Green Remodeling Policies in South Korea

To reduce greenhouse gases, the energy efficiency of existing domestic buildings is
an essential factor. Thus, the government and local governments are providing technical
and financial support to improve the energy performance of existing buildings. However,
at this point, it is difficult to implement and disseminate green remodeling in the private
sector since it requires a high initial investment cost and its business feasibility review is
not clear. Therefore, the mandatory zero-energy has been enforced for the existing old
public buildings with more than 1000 m2 since 2020 and will have been enforced for the
private building since 2025. Accordingly, to create promotional cases to spread to the
private sector, the government and local governments are implementing policies to support
the renovation of buildings shown in Table 1.

Table 1. Green Remodeling Policy in South Korea.

Policy Details

MOLIT 1

[34]

Public
Support Project

(Purpose) Creating a best case for improving energy performance of
aged public buildings
(Support) Technical support for green remodeling project plan
(Target) All public buildings under remodeling planning

Private Support Project

(Purpose) Partial subsidy of a loan interest rate for construction to
promote energy performance improvement in private buildings
(Support) Interest 1–4% subsidy, up to five years
(Target) All types of private projects

MOTIE 2
ESCO

(Energy Service Company)
[35]

(Purpose) Guarantee energy-saving effect and replace energy-use
facilities on behalf of energy users who lack technology and financing.
(Support) An interest rate of the loan payable in installments in seven
years with a three-year grace period with maximum KRW 15 billion 3

(Quarterly adjustable-rate linked to the average rate of return of
three-year negotiable South Korean treasury bond)
(Target) Projects on investment in energy-saving facilities R&D Projects
for energy-saving facilities and equipment Management project for
energy saving of energy-use facilities

Local
Government

BRP
(Building Retrofit Project)

[36]

(Purpose) Improvement of waste factors to increase utilization
efficiency and energy saving in the building sector
(Support) 100% loan of required funds (annual interest of 1.45%)
Building (BRP)—KRW 10 million to KRW 2 billion, ZEB—KRW
10 million to KRW 4 billion
(Target) Building owner, building tenant, ESCO operator

1 MOLIT: Ministry of Land, Infrastructure and Transport, 2 MOTIE: Ministry of Trade Industry and Energy, 3 KRW: Korean Won.

2. Research Procedures and Methods

Most studies that demonstrate the effects of green modeling mainly focus on reduction
in energy consumption and economic feasibility due to insulation, windows, doors, and
MEP improvements [12,22,37]. There are also studies that analyze the improvements of
indoor environment and comfort levels brought on by green remodeling, but it is limited
to residential facilities [20,38]. A few non-residential buildings have been examined but it
is limited to 1–3 building, making the examined pool small [12,26].

Therefore, this study has been implemented to plan a “Green Remodeling improve-
ment module”, based on the analysis of not only the energy performance rate, but also the
indoor environment and comfort level of 16 old public office and educational buildings.

We plan to analyze the reduction of energy consumption brought on by green re-
modeling old public office and educational buildings. In the existing building remodeling
methodology in foreign countries, the first step is to set up the project goal and conduct
a preliminary survey to understand and analyze building operation problems and users’
main interests. The second step is to diagnose building energy data and evaluate building
performance. The third step is to evaluate and prioritize the performance of remodeling
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alternatives through energy simulation and economic analysis. The process of the domestic
green remodeling process is similar to the typical foreign process, but service is conducted
by additionally confirming the performance of health and safety as well as energy in
the process of green remodeling to solve health problems such as seasonal fine dust and
yellow dust along with safety problems due to the increased frequency of earthquakes. The
buildings that were examined for the case reports were office buildings and educational
research facilities, which are overrepresented in the aged current status evaluation and
design consulting service of the public building green remodeling project. This evaluation
was based on six comprehensive standards: green modeling feasibility, the ripple effect
of the project, the performance improvement effect, safety enhancement, improvement
of energy performance, and SOC (Social Overhead Capital) facilities for old age life. A
field basic survey, measurement of building performance (envelope and air quality, etc.),
user’s survey, derivation of improvement part, energy analysis, and feasibility study of
the project were conducted according to the following procedures shown in Figure 1 to
analyze the expected effects and current status by use.
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2.1. Step 1: Basic Field Survey of Building and Estimation of Building Performance

In order to plan the reduction of the emission of greenhouse gases and energy con-
sumption in old public buildings, it is prioritized to grasp the current status of the per-
formance of the existing buildings. Prior to the survey, drawing and energy use data are
secured, and a field basic survey plan is established. According to the field survey plan,
construction, mechanical, and electrical engineers visually investigate the degree of aging
of buildings’ interior/exterior finishing, heat source equipment, transport equipment, and
lighting equipment, and regarding facility equipment, the excess of useful life provided
by the Public Procurement Service is compared and considered. For the performance of
building elements such as windows, exterior walls, and airtightness, which are difficult to
visually inspect, as well as the indoor air quality and the comfort level, which affect the
health of occupants, measurements will be taken using equipment that has been approved
by the Ministry of Environment. To compare the additionally measured data with the
actual satisfaction felt by the occupants, a survey was conducted, and surveys on the
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operation time, personnel changes, and increase or decrease of electronic devices were also
conducted and used in the plan of the alternative.

2.2. Step 2: Derivation of Improvement Part and Alternative by Part

Based on the thermal transmittance, window performance, and indoor air quality data-
derived drawings and measurements taken according to Step 1, alternative 1 is derived to
comply with legal standards according to service performance base date, and alternative 2
shall also be derived in accordance with the response to the policy mandating zero energy
for public buildings. The alternatives follow the standards for indoor air quality by use to
improve items that directly affect the health of the occupants [39,40].

2.3. Step 3: Energy Analysis by Improvement Level

In order to predict the energy saving according to the derivation of green remodeling
alternative, using an ECO2 program, a simulation based on ISO 13790, DIN V 18599, the
performance is evaluated and compared with monthly energy demand before and after
improvement of the building, energy measured according to system performance, and
primary energy measured per unit area per year [41]. Thus, through a field survey of the
existing building secured in Step 1, an energy analysis of the existing plan is conducted
using the thermal transmittance and facility performance, and in this energy analysis
reflecting the alternatives derived from each improvement part in Step 2, energy saving
and changes in building energy efficiency rating are analyzed.

2.4. Step 4: Project Feasibility Analysis

By comparing and analyzing costs and benefits by converting them into monetary
values, the feasibility of the public investment was determined by reviewing the feasibility
of the project in terms of NPV (net present value) and B/C (benefit/cost) by setting 30 years
as an analysis period for building projects, depending on the nature of the project based on
the general methodology [42] of the preliminary feasibility study of public institutions.

The NPV equation, Equation (1), may be used to analyze the cash flows during the
analysis period of the target building and the Full EER model as well as calculate the
payback period by comparing the cash flows of the target building with those of each
model [43].

PF = Initial Cost +
n

∑
i=1

[F × Ir(i)] (1)

Here, PF is the NPV that accumulates the initial investment cost according to the Full
EER and the energy cost incurred during operation in the analysis period. The initial cost
is the additional construction cost associated with performing the Full EER, and F is the
energy consumption cost in the future. Finally, n is the analysis period for NPV calculation
and Ir is the discount rate considering the rising energy price.

Ir =


(

1 + f
100

)
(
1 + r

100
)
i

(2)

In Equation (2), Ir is a discount rate calculation method considering an increase in
energy price, f is an inflation rate of energy, and r is a real discount rate. In this study, the
discount rate considering the rise in energy prices is applied.

The B/C analysis is calculated by dividing the applied total benefit by the applied total
cost after the total benefit and total cost were calculated by applying the social discount
rate for each year. Equation (3), shown below, is used in B/C analysis. In this equation,
the annual benefits (∆B) that will occur in the future are converted at a discount to the
present price, and the additional cost of green remodeling (∆C) generated at this point
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is divided by the total benefit; if the result of the calculation exceeds 1, it is considered
economically feasible.

Benefit/Cost Ratio(B/C Ratio) =
n

∑
t=0

Bt

(1 + r)t /
n

∑
t=0

Ct

(1 + r)t (3)

Here, Bt: Present value of benefit, Ct: Present value of cost, r: Social discount rate
(interest rate), and n: Analysis year

Based on saving-to-investment ratio (SIR) analysis, which evaluates profits through
energy savings on investment costs such as green remodeling design and construction cost,
Net Saving analysis selects a method that provides cash flow required for green remodeling
before and after the project period.

2.5. Step 5: Analysis of Findings and Policy Suggestions

Based on the energy-saving effect and green remodeling investment cost derived
through Steps 1 to 4 for the target buildings, the energy prediction savings and the expected
investment cost ranges of public office buildings and educational research facilities are
derived. In the discussion section, we explain the limitations of Korea’s green remodeling
policy compared to other countries’ green remodeling policy cases, and propose a brief
policy improvement direction using the results of this study.

3. A Preliminary Survey of Target Buildings and Selection of Optimal Alternatives
3.1. Overview of Target Buildings

From 2016 to 2019, based on their excessive energy consumption or low envelope
performance, several public buildings were selected to improve their energy performance
as a requirement [44]. Preliminary surveys have been conducted and alternatives have been
suggested for green remodeling, and the overview of the target building is shown in Table 2.
The selected buildings are classified into seven office buildings and nine educational
research facilities. The total area of the selected office buildings ranges from 556 to 23,272 m2,
and the main structure of the office buildings is a reinforced concrete structure that has
aged for more than 20 to 30 years. The total area of the educational research facilities ranges
from 1948 to 15,420 m2, and the main structures of the educational research facilities are a
reinforced concrete structure, cement bricks, and a light weight steel frame that have aged
for more than 20 to 30 years.

Table 2. Target building overview and visual inspection.

Buildings Mode Building
Name

Year of
Construction
Completion

Size Total Floor
Area (m2) Finishes Equipment Main

Structure

Office
Building

M1 S County
Office 1995 B1/6F 9179 Granite Stone EHP, FCU RC

M2 G Office 1988 2F 566 Masonry EHP RC

M3 M Office 1991 2F 1989 Dryvit EHP RC

M4 K Corporation 1979 B2/8F 23,272 Granite Stone FCU RC

M5 C Office 1991 B1/2F 1569 Zinc Panel EHP RC

M6 G Office 1983 B1/3F 1091 Dryvit EHP RC

M7 S Office 1998 B1/3F 1868 Masonry FCU, EHP RC

Educational
Research
Facilities

M8 P University 1981 B1/2F 3104 Dryvit EHP RC

M9 D Library 1895 B1/4F 10,181 Masonry GHP, EHP RC + Bricks

M10 S Middle
School 1984 B1/4F 8862 Tile EHP RC
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Table 2. Cont.

Buildings Mode Building
Name

Year of
Construction
Completion

Size Total Floor
Area (m2) Finishes Equipment Main

Structure

Educational
Research
Facilities

M11 S University 1979 B1/4F 6987 Masonry EHP RC

M12 G University 1978 B1/4F 4221 Paint
Finishing EHP RC

M13 S Library 1996 B1/3F 2145 Tile FCU, EHP RC

M14 T Learn
Center 1984 B1/3F 1948 Masonry EHP RC

M15 S Dormitory 1996 2F 2678 Masonry FCU, EHP RC

M16 R R&D
Center 2002 B1/5F 15,420 Granite stone FCU RC

3.2. Field Survey

Visual inspection was conducted on the building section (outdoor, indoor) and equip-
ment section (machinery, electricity) of the target building. The results of the visual
inspection were classified as good, normal, or poor, and the building sector was evaluated
by expert judgment according to the frequency of cracks in the structure, dropping of and
damage in the finishing materials, mold and condensation, window aging, and areas with
poor airtightness performance. Further, for the mechanical parts in the equipment section,
whether or not to replace the system was judged based on the useful lifetime of the system
provided by the Public Procurement Service [45]. Electric parts were classified based on
the LED replacement rate. The standard LED replacement rate of 80% means that LEDs
are replaced in major rooms (office room, classroom, etc.) and are not replaced in spaces
with low usage, such as warehouses. The criteria for visual inspection are shown in Table 3,
visual inspection images according to the criteria are shown in Table 4, and the results
reported for the target buildings according to the criteria are shown in Table 5. The results
of evaluating the target buildings according to the visual standards showed that the target
buildings were assessed to be 0% for good, 38% for normal, and 62% for poor regarding
the exterior of the building; 0% for good, 19% for normal, and 81% for poor regarding
the interior of the building; 6% for good, 31% for normal, and 63% for poor regarding
the machinery in the equipment section; and 38% for good, 19% for normal, and 43% for
poor regarding the electricity in the equipment section. According to the regulations on
the promotion of rational energy use of public utilities and public institutions, the LED
replacement was first carried out for lighting devices that are easy to construct, and the
ratio of ‘good’ and ‘normal’ was found to be high. By contrast, for the improvement of
the building sector with a large scope of construction, the improvement of Dryvit exterior
wall finishing was mainly conducted in the early 2000s for the purpose of improving the
exterior wall performance, but the proportion was very low.

Table 3. Criteria for visual inspection of aging building.

Criteria
Building Equipment

Outdoor Indoor Machinery (Useful Life) Electricity

Good Cracks, missing finishing materials, molds,
condensation, aging windows,

airtightness, etc.

Less than 3 years More than LED 80%

Normal 3–6 years More than LED 40%

Poor 7 years or more Less than LED 40%
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Table 4. Visual inspection images according as criteria.

Criteria Good Normal Poor

Building

Outdoor -
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Table 5. Results of visual inspection in the building and the mechanical and electrical parts.

Model

Result of Inspection (Good/Normal/Poor)

Building Equipment

Outdoor Indoor Machinery Electricity

Office
Building

M1 Normal Normal Normal Good

M2 Poor Poor Poor Poor

M3 Poor Poor Poor Poor

M4 Normal Poor Poor Normal

M5 Poor Poor Normal Poor

M6 Normal Poor Normal Poor

M7 Poor Poor Poor Good

Educational
Research
Facilities

M8 Poor Poor Poor Poor

M9 Normal Poor Poor Normal

M10 Poor Poor Normal Normal

M11 Poor Poor Poor Poor

M12 Poor Poor Poor Good

M13 Poor Poor Poor Good

M14 Normal Normal Normal Good

M15 Poor Poor Good Poor

M16 Normal Normal Poor Good

Total
Good: 0 Good: 0 Good: 6% Good: 38%

Normal: 38% Normal: 19% Normal: 31% Normal: 19%
Poor: 62% Poor: 81% Poor: 63% Poor: 43%

In order to grasp the conditions of old buildings according to the users of those
buildings, a survey on the priorities of dissatisfaction and improvement was conducted.
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The items for dissatisfaction were presented as winter temperature/humidity, summer
temperature/humidity, sound environment, light environment, air quality, and building
cleanness, while the priority items for improvement were presented as window and wall
insulation, lighting equipment, air conditioner, ventilator, exterior image, and solar radia-
tion control device. The survey results are shown in Table 6. As the most dissatisfactory
items for users of office buildings and educational research facilities, indoor air quality was
the highest in both, with 42% and 56%, respectively. Thus, as for improvement, the request
for improvement of ventilators was the highest with 42% for office buildings and 67% for
educational research facilities.

Table 6. Results of user survey for each building.

Model
Grade of Dissatisfaction Priority of Improvement

1st
Grade

2nd
Grade

3rd
Grade

1st
Grade

2nd
Grade

3rd
Grade

Office
Buildings

M1 AQ WH SH VS EP H/C

M2 BC WH LE ED LED BS

M3 BC WH SH H/C EP LED

M4 AQ WT WH VS EP H/C

M5 WH AE LE VS EP H/C

M6 AQ AE WH EP H/C VS

M7 WT ST WH H/C EP VS

Educational
Research
Facilities

M8 WH SH AQ EP VS ED

M9 AQ AE WH VS EP H/C

M10 WH BC AE VS EP H/C

M11 AQ WH WT VS EP ED

M12 AQ WH WT VS H/C EP

M13 WH BC AQ VS ED EP

M14 AQ WT SH EP VS ED

M15 AE SH BC H/C EP ED

M16 AQ WH WT VS H/C EP

-

◦AQ (Air Quality)
◦WH (Winter season Humidity)
◦WT (Winter season Temperature)
◦SH (Summer season Humidity)
◦ST (Summer season Temperature)
◦BC (Building Cleanliness)
◦LE (Light Environment)
◦AE (Acoustical Environment)

◦VS (Ventilation system)
◦H/C (Heating and Cooling Device)
◦EP (Envelope Performance)
◦ED (External Design)
◦LED
◦BS (Blind system)

3.3. Building Performance Measurement Results

To quantitatively evaluate the conditions of the buildings, the envelope performance,
the indoor environment, and the indoor air quality of the buildings were measured. Re-
garding the measured location, thermal transmittance, corresponding to the envelope
performance, was measured in the North, where solar radiation was less affected, to mini-
mize deviation, the window performance was measured by type according to the drawing,
and the indoor environment and air quality were measured at 0.9 to 1.5 m away from the
floor by applying the standard of the measurement point of the Office Air Management Di-
rective after identifying the installation location through the consultation with the building
staff. The measurement appearance is shown in Table 7, and the measurement results and
criteria are listed in Table 8.



Sustainability 2021, 13, 6649 11 of 22

Table 7. Measurement of Building Performance.

(a) Envelope performance
(Wall)

(c) Envelope performance
(Window)

(e) Airtightness test—
Preparing

(g) Indoor Environment
& Air Quality
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The thermal transmittance, the envelope performance of the building, should be
measured in the winter, when 15 ◦C of temperature difference between outdoor and indoor,
the prerequisite for measurement, is met, to obtain stably measured reliable data. However,
adjustment of the measurement period was inevitable, so when the outdoor temperature
was 30 ◦C or higher during the daytime in the summer, the indoor cooling temperature was
set to 18 ◦C to maximize the temperature deviation, and the measurements were derived.
The measurements were 0.75–2.703 W/m2K for the office buildings and 0.335–4.691 W/m2K
for the educational research facilities. Thus, in all buildings, the measurements did not
satisfy the legal standard, 0.17–0.32 W/m2K of the regional thermal transmittance.

Due to the limitations in access control and cooperation with the measurement room,
the measurements of heat transmission coefficient in buildings M12 and M15 were higher,
wherein the difference in temperature between the indoor and outdoor environments was
not maintained by the varying internal temperature.

Before the airtightness performance test, we conducted the airtightness performance
test by enclosing the ceiling, lighting, and wall socket tightly, except for windows, using
vinyl and tape. Images (e) and (f) of Table 7 are the preparation and measurement of
airtightness performance tests, respectively. For airtightness performance, it was found
that the performance of all buildings except for the M14 building was poor because the
airtightness performance became significantly reduced due to the separation of window
frames caused by the aging of windows, and the perforation of the window frames caused
by the installation of coolant pipe. However, in the case of the M14 building, the windows
were replaced and the indoor finish work was carried by the manager’s interest in energy
saving to meet the standard.
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Table 8. Result of measurement of building performance and indoor air quality.

Division

Envelope Performance Indoor Environment Indoor Air Quality

U-Value
(W/m2K)

G-Value
(SHGC)

Airtightness
(ACH) PMV PPD

(%)
CO2

(ppm)
CO

(ppm)
TVOC

(µg/m3)
NO2

(ppm)
O3

(ppm)
HCHO
(ppm)

PM10/2.5
(µg/m3)

Radon
(Bq/m3)

Criteria Refer to Table 9 5.0 −0.5–0.5 Less
than 10% 1000 10 500 0.1 0.1 0.1 150/50 148

Office
Buildings

M1
Room1

1.01 0.26 -
1.49 50.3 1420 0.73 66.1 0.017 0.01 0.113 21.3/12.6 15.2

Room 2 1.57 61.4 1184 0.6 90.7 0.019 0.01 0.096 27.2/12.1 15.2

M2
Room 1

1.868 0.36 22.8
−0.44 10.1 505 0.6 30.5 0.02 0.01 0.058 52.3/17.1 42.3

Room 2 0.34 8.03 480 0.7 20.9 0.02 0.01 0.044 77.9/22.6 42.3

M3
Room 1

2.033 0.41 30.1
−0.2 7.8 477 0.63 2.7 0.026 0.015 0.049 129.2/38.4 42.3

Room 2 0.72 17.7 545 0.62 6.2 0.02 0.01 0.106 63.2/37.7 42.3

M4
Room 1

1.609 0.83 12.36
0.84 20.1 1588 0.75 140 0.01 0.01 0.183 11.5/9.7 39.7

Room 2 0.93 23.4 1423 1.72 209 0.056 0.04 0.073 24.4/12.7 39.7

M5
Room 1

2.703 1 20.3
−0.32 8.54 770 0.5 149 0.01 0.01 0.197 8.7/28.2 41.7

Room 2 1.91 71.97 647 0.5 182 0.013 0.01 0.124 67.3/50.8 41.7

M6
Room 1

0.75 0.47 14.2
0.53 11.5 1452 0.6 403 0.03 0.03 0.12 26.6/19.6 219

Room 2 1.93 73.7 567 0.5 343 0.01 0 0.09 10.9/3.4 219

M7
Room 1

0.847 0.44 12.03
0.48 10.2 827 0.6 132 0.03 0.03 0.04 37.6/18.8 75.8

Room 2 0.12 6.5 1033 0.1 151 0.03 0.03 0.06 26/19.2 75.8

Educational
Research
Facilities

M8
Room 1

1.045 0.8 24.7
2.51 93.6 543 0.67 10.7 0.02 0.01 0.109 26.4/21.3 81.8

Room 2 2 73.4 591 0.61 50.5 0.02 0.01 0.089 19.2/9.8 81.8

M9
Room 1

0.424 0.45 21.63
−0.52 10.7 618 0.29 425 - - 0.112 10.9/9.9 62

Room 2 0.52 10.7 3957 1.06 227 0.036 0.036 0.038 28.6/17.1 62

M10
Room 1

1.377 0.83 10.42
0.52 10.7 774 0.34 282 0.01 0.01 0.193 6.8/3 90.2

Room 2 1.03 27.7 474 0.43 138 0.01 0.01 0.081 3.4/2.9 90.2
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Table 8. Cont.

Division

Envelope Performance Indoor Environment Indoor Air Quality

U-Value
(W/m2K)

G-Value
(SHGC)

Airtightness
(ACH) PMV PPD

(%)
CO2

(ppm)
CO

(ppm)
TVOC

(µg/m3)
NO2

(ppm)
O3

(ppm)
HCHO
(ppm)

PM10/2.5
(µg/m3)

Radon
(Bq/m3)

Educational
Research
Facilities

M11
Room 1

1.543 0.64 15.9
−0.34 7.4 468 0.4 180 0.01 0.01 0.07 23.4/16.5 336

Room 2 1.36 43.5 548 0.51 359 0.011 0.04 0.09 43/27.1 336

M12
Room 1

4.691 0.72 17.7
0.11 5.25 749 0.24 212 0.031 0.032 0.106 8.1/4.1 25

Room 2 −0.18 5.6 1058 0.5 96 0.01 0.01 0.076 19.4/6.1 25

M13
Room 1

2.502 0.43 32.16
0.39 8.1 1245 0.6 178 0.01 0.01 0.089 25.8/15.8 74

Room 2 0.47 9.65 743 0.3 96 0.049 0.04 0.064 14.1/5.2 74

M14
Room 1

0.517 0.41 4.87
0.43 10.5 653 0 1581 0.03 0.03 0.03 40.36/26.56 82.9

Room 2 1.44 47.93 482 0.14 154 0.03 0.03 0.08 11.3/7.1 82.9

M15
Room 1

3.723 0.84 20.3
1.11 34.3 690 0 232 0.04 0.04 0.03 31/16.6 51

Room 2 −1.37 52.6 678 0.2 233 0.02 0.01 0.03 23.7/14.4 51

M16
Room 1

0.335 0.72 8.7
−0.05 5.4 716 0.1 266 0.01 0.02 0.05 11.4/10.1 51.7

Room 2 0.17 6.41 609 0.5 249 0.01 0.01 0.07 18/16.1 51.7
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Table 9. Alternative criteria by part.

Division

Alt-1 Alt-2

Legal Standard (Passive)
+ Building Service (Active)

Legal Standard (Passive)
+ Building Service (Active)
+ New Renewable Energy

Thermal
transmittance 1

(W/m2K)

Exterior Wall

Location Central 1 Central 2 South

Legal standard 0.17 0.24 0.32

Passive standard 0.15

Ceiling
Location Central 1 Central 2 South

Legal standard 0.15 0.15 0.18

Passive standard 0.15

Windows

Location Central 1 Central 2 South

Legal standard 1.3 1.5 1.8

Passive standard 0.15

Shading Horizontality Shading Shading

Ventilator HRV Ventilator

Heating and cooling EHP40% + GHP60% Heating and cooling

LED turnover rate 100% LED turnover rate

Renewable energy - % 20% or higher energy self-sufficiency or
maximum installation

1 Thermal transmittance (Alt1: legal standard, Alt 2: legal standard and passive standard (M4, 9, 10, 11, 14)) application.

To measure indoor comfort level (PMV PPD) for each measurement room, which is an
indoor environment factor, the activity level (Met) was measured by setting it as 1.1 Met
suitable for office work and 0.7 Clo of the amount of clothing; the predicted mean vote
(PMV) was coded as +3 (hot), +2 (warm), +1 (slightly warm), 0 (normal), −1 (slightly
cool), −2 (cool) and −3 (cold), and the range +0.5 to −0.5 was evaluated as a comfort
zone. Out of the measured rooms, in the case of aging of buildings and facilities, it was
measured to a level of hotness in the summer season beyond the level of satisfaction. For
the indoor air quality measurement, carbon dioxide (CO2) was measured to exceed the
standard in the office of the office building with high occupancy density, and in the lecture
rooms and classrooms among educational research facilities, it was measured to meet the
criteria by measuring the rooms in non-occupancy conditions during the vacation. On the
other hand, in the reading room of the library, it was 3957 ppm, about four times higher
than the standard (1000 ppm), which causes symptoms such as sleepiness, headaches, and
dizziness [46]. Formaldehyde (HCHO) usually occurs in the placement of new furniture or
adhesives such as glue, and adhesives around the measuring device and interior works
caused the excess of standard in some rooms.

In the other items that measured indoor air quality, there was no item that greatly
exceeded the standard. In the case of buildings with a high total volatile organic compounds
(TVOC), the main cause is rooftop waterproofing work on the measurement day, and it
is judged that high fine dust (PM2.5) in rooms was affected by the waste toner from the
multi-function printer due to the limited measurement location. Thus, to increase the
satisfaction of the indoor thermal environment and the air quality of the building, it is
judged to be necessary to increase the envelope performance of the building and install a
total heat exchanger.
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3.4. Derivation of Alternatives by Improvement Part

The buildings and facilities presented in Table 5 were visually examined. The relatively
large-scale buildings and facilities were measured at 62% without improvement, except for
partial improvements in performance made for cases of mechanical and electrical facilities,
which were accomplished relatively easily. According to the user survey results presented
in Table 6, users expressed a high degree of dissatisfaction with the thermal environment
and indoor air quality that necessitated improvements. This was attributed to the poor air
quality that did not meet the limits set by the standards for indoor air quality and the poor
performance of the building envelopes, as presented in Table 8.

Thermal environment, thermal bridge/airtightness, indoor comfort, indoor air qual-
ity, and maintenance were derived as improvement elements, while insulation, window,
wind break structure, awning, air-conditioning, lighting, ventilation, etc. were derived as
application elements, and the improvement elements according to the application elements
were compared in Figure 2. The alternative criteria derived as the application elements are
presented in Table 9, and the derived alternatives depend on the performance of existing
buildings and estimated construction costs by building, but the alternatives were set in
such a way as to comply with the thermal transmittance by each region of the building
energy-saving design standards and the Passive House design standard (approximately
20% higher than the legal level), as well as regulations on the promotion of the rational
energy use of public utilities and public institutions. Alternative 1 was derived to meet the
legal standards for buildings and equipment, and Alternative 2 was derived to additionally
install new renewable energy in accordance with the zero-energy mandatory policy in pub-
lic institutions to meet the target of more than 20% energy self-sufficiency. Further, as the
service is divided into aging current status evaluation building and the design consulting
building, in the design consulting building, the criteria for the thermal transmittance in
Alternative 2 were applied to the Passive Housing design standard.
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3.5. Energy-Saving Analysis

To select the best alternative, an energy-saving analysis was conducted through en-
ergy simulation of before-improvement and each of Alternatives 1 and 2, and the results
are shown in Table 10. Figure 3 is also a graph that matches the energy efficiency rat-
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ing of buildings in South Korea based on energy analysis results. The energy analysis
indicated that, for the office buildings, the primary energy per unit area per year before
improvement was 277.2–361.1 kWh/m2y, while it was 100.2–222.1 kWh/m2y in Alterna-
tive 2, showing a 38.5–67.4% reduction rate. In addition, the educational research facilities
showed a 23.7–66.3% reduction rate from 193.9–391.3 kWh/m2y before improvement to
86.1–290.8 kWh/m2y in Alternative 2. When converting the analyzed primary energy
demand per unit area per year into building energy efficiency level, the grade of the office
buildings was 1–1++ grade, rising by 2–3 grades compared to before improvement, and the
grade of the educational research facilities was 2–1++ grade, rising by 1–5 grades. Alterna-
tive 2 was prepared to meet the standards of 1++ or higher building energy efficiency rate
and 20% or higher energy self-sufficiency rate of buildings to prepare for the mandatory
zero-energy policy for public buildings, but there were buildings with energy efficiency
levels that did not meet 1++ grade due to excessive energy consumption caused by the
24-h operation of the computer room in the office buildings as well as the operation of
many research equipment in the graduate school, and locations where the installation of
new renewable energy was still too small to meet the energy self-sufficiency.

Table 10. Energy-saving analysis for each building.

Model
Energy Analysis

Before Improvement Alt-1 Reduction Rate Alt-2 Reduction Rate

Office Buildings

M1
Out of scope of serviceM2

M3

M4 361.1 kWh/m2y 248.6 kWh/m2y 31.2% 222.1 kWh/m2y 38.5%
M5 280.5 kWh/m2y 168.8 kWh/m2y 40.0% 126.3 kWh/m2y 55.0%
M6 277.2 kWh/m2y 141.3 kWh/m2y 49.0% 108.5 kWh/m2y 60.9%
M7 307.2 kWh/m2y 136.0 kWh/m2y 55.7% 100.2 kWh/m2y 67.4%

Educational Research
Facilities

M8 Out of scope of service

M9 193.9 kWh/m2y 106.5 kWh/m2y 45.1% 86.1 kWh/m2y 55.6%
M10 289.5 kWh/m2y 183.3 kWh/m2y 36.7% 139.5 kWh/m2y 51.8%
M11 358.4 kWh/m2y 234.3 kWh/m2y 34.6% 195.0 kWh/m2y 45.6%
M12 275.4 kWh/m2y 252.2 kWh/m2y 9.0% 210.2 kWh/m2y 23.7%
M13 391.3 kWh/m2y 322.5 kWh/m2y 17.7% 290.8 kWh/m2y 25.7%
M14 231.8 kWh/m2y 168.7 kWh/m2y 29.4% 92.1 kWh/m2y 60.3%
M15 385.3 kWh/m2y 164.8 kWh/m2y 57.2% 129.8 kWh/m2y 66.3%
M16 364.6 kWh/m2y 303.9 kWh/m2y 16.6% 289.5 kWh/m2y 20.6%

(1) Perform energy simulation based on information obtained through Tables 4, 5 and 8. (2) Enter improved information based on Table 9 to
perform energy simulation.
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3.6. Economic Analysis

To strengthen the preliminary feasibility review of the public institutions’ investment
project and improve its financial soundness, an economic analysis was conducted, and
shown in Table 11 are the results of the analysis of benefit/cost (B/C) and net present
value (NPV), as well as the economic evaluation items of the preliminary feasibility survey,
which were conducted by applying the discount rate in consideration of domestic seasonal
electricity rates, interest rates, and increasing rates of energy cost [47]. If benefit/cost ≥ 1,
it is judged to be economically feasible. M1-3 and M8 are not included in the project and
no separate analysis has been conducted. Thus, in the process of calculating cost/benefit
while performing the service, it was derived by applying and not applying construction
costs to the total construction cost directly related to energy and the finishes of an envelope,
which is an aesthetic element that has a small direct impact on energy but is an element
that must be applied to energy-saving facilities. An economic analysis of Alt-2 showed
that the ratio of benefit/cost in all buildings exceeded 1, and it was thus judged to be
economically feasible. M11 with a B/C ratio higher than 3 had a high rate of installment
of new renewable energy and LED replacement with a high energy-saving effect. M16
has a higher construction cost for new renewable energy than those of buildings and air
conditioners. The payback periods were 14 to 27 years for office buildings and 12 to 30 years
for educational research facilities. For buildings that took 12 to 22 years, the period was
the payback period according to pure energy construction, not applying the construction
cost for envelope finishing. In addition, the construction costs per unit area according
to the green remodeling were 446,000 won/m2 for office buildings and 383,000 won/m2

for educational research facilities in the case with construction cost for an envelope, and
they were 1,192,500 won/m2 for office buildings and 850,000 won/m2 for educational
research facilities in the case without construction cost for an envelope. According to the
construction cost analysis report for each type of public building [48], the new construction
was found to be capable of improving energy performance at a construction cost of about
50%, with an average cost of 2,120,000 won/m2.

Table 11. Economic Analysis by Building.

Model
Energy Analysis

Total Construction
Cost (USD) *

Construction Cost per
Unit Area (USD/m2)

Annual Energy
Savings (USD) 3

Payback
Period B/C

Office
Buildings

M1
Out of scope of serviceM2

M3
M4 1 5,883,928 252.68 158,971.15 19 years 2.04
M5 1 848,214 543.90 36,616.95 14 years 3.15
M6 2 875,000 1160.13 10,717.16 26 years 1.48
M7 2 1,812,500 969.90 11,610.25 27 years 1.34

Educational
Research
Facilities

M8 2 Out of scope of service
M9 1 4,340,448 426.01 101,812.99 22 years 1.72

M10 1 3,938,554 444.76 108,064.66 18 years 2.22
M11 1 1,973,742 360.81 127,712.78 12 years 3.75
M12 1 1,098,508 181.30 50,013.40 16 years 2.65
M13 2 1,446,816 929.71 33,937.66 27 years 1.24
M14 2 279,539 6,349.92 2,679.29 30 years 1.08
M15 2 2,491,738 1,210.15 28,579.08 26 years 1.43
M16 2 1,375,368 1,187.82 43,761.72 17 years 3.87

* Total Construction Cost: Construction cost based on Table 9 standards. (+Includes waterproofing, crack repair, etc.). 1 M4/5/9/10/11/12:
Total construction cost excluding envelope finishing, 2 M6/7/13//14/15/16: Total construction cost including envelope finishing. 3 Annual
Energy Saving = Energy consumption × Total area × Changes (Electricity, gas bills).

4. Discussion

South Korea presented the “2nd Basic Plan for Green Buildings (2020–2024)” to reduce
greenhouse gases in buildings. The country proposed a goal of reducing greenhouse
gas emissions from existing buildings by 9,459,000 tCO2 by 2030. However, there have
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been no active revitalizing policies such as detailed implementation approaches in France,
Germany, China, etc. based on green remodeling policies for more than 20 years (the scope
of green remodeling and obligations or recommendations thereof), with support for green
remodeling construction costs [29].

In the analysis conducted in the present study, buildings used for public office and
education exhibited a 20.6–67.4% reduction in energy consumption in terms of Alt-2. Based
on this result, one may presume that the green remodeling of entire buildings for public
office and education may not bring about a corresponding reduction in energy consumption.
However, the results of 13 cases seem promising in terms of the potential reduction in
energy consumption through implementation of green remodeling programs. Analysis of
additional green remodeling case studies will enable prediction of a statistically significant
reduction in greenhouse gas emissions from old buildings for public office and education.
In addition, the expansion of such studies to buildings used for a variety of purposes will
enable an estimation of the number of cases of green remodeling necessary to accomplish
the goal of reducing greenhouse gas emissions via green remodeling of existing buildings
in South Korea.

In addition, as mentioned in the literature review, green remodeling revitalizes the
private sector, as France, Germany, the United States, and China provide the private sector
with subsidies to alleviate the burden of construction costs for green remodeling [29,49].
China experienced problems in determining the appropriate level of subsidy and economic
feasibility of green remodeling projects [30]. Currently, only technical support is provided
for public buildings in South Korea, and the support (subsidy) for construction cost ceased
in 2018 due to budget problems, while support for loan interest and low-interest loans are
provided for private buildings. In the present study, the reduction in energy consumption
and construction cost associated with green remodeling were analyzed. The total reduction
in energy consumption in the period of operation after green remodeling can be calculated
as the social cost (the cost for additional social benefits such as reduced greenhouse gas
emissions and air pollution resulting from reduced production of energy [50]) to compen-
sate for that cost with subsidies. The cost, to be converted into construction cost per area
for green remodeling, can be exploited to determine the appropriate extent of subsidies.

Most studies on the subject of green remodeling focus only on improving energy
consumption [51,52]. These studies may lead to the development of new business models.
However, the present study intended to present the justification for green remodeling,
which is as important as developing a business model. To this end, we measured the indoor
air quality and derived factors for improvement through a user survey. The results of
the present study could benefit operators and users of buildings if the plans are actually
realized through construction. In the present study, we intended to present objective
grounds for green remodeling to owners of buildings and public officials in charge of
institutions so they can consider revitalization of the market of green remodeling. It
may be best to consider the environmental and health issues related to fine particulates,
greenhouse gas emissions, etc., rather than focusing purely on the business items related to
green remodeling.

Thus, future studies will focus on changes in the thermal environment, indoor air
quality, and health that users actually feel, as well as the savings brought about by reduced
energy consumption. Since the results of analysis on energy consumption of buildings
in South Korea are mainly obtained from the ECO-2 program (the program designed
to determine the level of energy consumption efficiency), their practical applicability is
limited. Therefore, as green remodeling cases increase, more studies will be implemented
on economic feasibility and potential reduction in energy consumption based on actual
solid data, not simulation studies.

5. Conclusions

This study investigated public office buildings and educational research facilities that
conducted green remodeling design consulting. Visual inspection, building performance,
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indoor environment, and indoor air quality were surveyed and measured for a total of 16
buildings. Derivation of alternatives, energy performance, and an analysis of the results on
the economic feasibility were conducted with a focus on energy saving.

(1) The target buildings are old buildings aged 18–42 years after their completion,
which, as a result of visual inspection of the construction and equipment, were judged to
be poor due to missing interior and exterior finishes, pollution, etc. In the machinery of
the equipment sector, it was judged that ‘normal’ and ‘poor’ examples accounted for 50%
and 50%, respectively, due to the replacement of some air conditioners, and in terms of
electricity, it was judged that ‘good’ and ‘normal’ were 50% and 50%, respectively, due to
many LED improvements which made it easy to perform for the purpose of improving
energy efficiency.

(2) The results of measurement of envelope performance, indoor environment, and
indoor air quality, which are factors influencing building performance and health, are
as follows:

In terms of the envelope performance and the indoor environment of the building,
thermal transmittance was 0.335–4.691 W/m2K, which did not meet the legal standards
of local thermal transmittance (central 1: 0.17 W/m2K; central 2: 0.24 W/m2K; south:
0.32 W/m2K), and airtightness performance was 8.7–32.16 ACH, which is very poor
airtightness performance. Thus, because it was hot in the summer and cold in the winter
due to the building’s low envelope performance, PMV PPD, an indicator of the thermal
comfort of occupants, was measured as ‘dissatisfaction’, except for in the rooms which
have low occupancy density due to the specific nature of the work or because they deal
with civil petitioners, in the case of office buildings. In the case of educational research
facilities, because human body heat generation was not included due to the measurement
taking place during vacation, it was measured as satisfaction in some rooms, but it was
measured as dissatisfaction in the teacher’s room and in a reading room in the library.

Thus, depending on the operational status of the building, whether or not it could be
occupied was identified, and the decision on the external insulation and internal insulation
methods proceeded. Additionally, for the aging of air conditioners, the replacement of
high-efficiency air conditioners was suggested as an alternative.

Regarding indoor air quality, rooms with high occupancy density in both public office
and educational buildings, such as offices and reading rooms, had high CO2 levels. Rooms
with low occupancy density, such as private rooms or the teacher’s office, had CO2 levels
that falls within standards. In a reading room of the library, the measurement of CO2
was three to four times higher than the standard, which means that it was measured as
‘very poor’, and such levels could result in health damage such as shoulder stiffness or
headache. This is due to the generation of carbon dioxide by breathing, due to the very
high occupancy density caused by the small use area per person due to the nature of the
reading room. Further, in the case of an office, because the rooms except for the private
room have relatively high occupancy density, the measurement was one to two times
higher than the standard, resulting in changes in conditions, such as feeling sleepy. That
is, it was measured to the level which reduced the efficiency of work. In addition, in
environments with adhesives such as new furniture, glue, and bonds, the formaldehyde
levels exceeded the standard. In the case of the user survey, a high level of CO2, HCHO,
etc. ranked first in dissatisfaction, similar to the result of the measurement of indoor air
quality. Next, many complaints about indoor and outdoor temperature and humidity due
to low building performance followed. Regarding the priority of improvement, like the
rank of dissatisfaction, there were many requests for the improvement of ventilators as
the top priority, followed by improvement requests for window and wall insulation. In
order to solve the dissatisfaction and its causes, as identified through the user’s survey
and the measurement of indoor air quality using the equipment, a heat recovery ventilator
for improving ventilation performance was suggested as an alternative for creating a
comfortable indoor environment.
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(3) After deriving alternative plans based on legal and passive standards for each
part, the ECO2 program was used to analyze the energy savings before and after the
improvements. The results showed that public office buildings were able to save energy
between 38.5% and 67.4% and educational buildings between 23.7% and 66.3%. Both types
of building showed similar results, because the same heat transmission rate standards have
been applied for buildings in the same region. Further, the result of the economic analysis
shows that B/C ranges from 1.08 to 3.75, indicating that the green remodeling project is
economically feasible.

Therefore, in terms of the green remodeling design consulting for old buildings, in
the existing buildings, the performance measurement results using the visual inspection of
buildings and equipment and the survey results were consistent with the improvement
measures; there was a high demand for improvement in the indoor environment. Public
office buildings have a high occupancy density among office spaces excluding private
rooms, or a level that exceeds the carbon dioxide standard by about two times in a space
where workers are concentrated, and increases to a level of three to four times the standard
value in the reading room of a library among educational and research facilities. In
addition, school buildings were measured during the vacation period and measured within
the normal range, but in actual operation, it is predicted that the indoor air quality will
be enough to reduce the concentration of the occupants in the classroom. Therefore, it
suggests that not only energy savings in buildings but also health of occupants should be
considered when green remodeling, and it is necessary to improve occupant’s productivity
by reviewing and reflecting on improvement of indoor air quality. In this study, the
improvement plan derived by reflecting this was shown to be feasible through economic
feasibility due to energy saving effects. However, regarding the result derived through
the simulation, it is difficult to induce attention to green remodeling from the building’s
owner and the market with uncertainty about the actual energy-saving rate and high initial
investment cost.

Therefore, the government needs the simulation and comparative analysis on actual
energy saving as the research for identifying the effect of actual energy saving by type
of buildings with financial support, as well as technical support for green remodeling
of the public building [27]. In order to induce participation in the green remodeling of
private buildings, the feasibility review is required to reflect the rise in real estate value
and rent during the economic analysis. Additionally, the effect of preventing the inflow of
external pollutants and improving the indoor air quality through ventilators by improving
the airtightness performance occurring in the process of green remodeling on health
conditions of occupants (cold, asthma, flu, allergy, etc.) should be accompanied by studies
on annual hospital expenses and quality of life. The economic benefits of the productivity
improvement caused by keeping from being absent due to diseases should also be studied.
The results of these studies are expected to be useful data for promoting the proliferation
of green remodeling in private buildings in the future.
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