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Schemel/lnitiative | Headline Value | Launch Date

Strategic Land Building £400M Q3, 2011 Designed to unlock stalled schemes for
Fund strategic land development
Growing Places Fund £500M Q3, 2011 Designed to assist new developments in

Local Enterprise areas

Build to Rent Fund £200M Q4, 2012 Designed to support developers during
the construction and lettings phase of
portfolio assembly for the private rental
market.

FirstBuy Scheme £280M Q2 2011 Designed to allow 16,500 new borrowers
to purchase new properties with
mortgages of just 75% of the market valuge
(government shared ownership scheme)

New Build Indemnity N/A Q4, 2011 Designed to unlock 100,000 95%
Scheme mortgages to new home buyers
Re-Consideration N/A Q3,201 Designed to allow the holders of strategic
of Section 106 decisions land sites to re-negotiate existing Section
pre-April 2010 106 agreements agreed pre-April 2010.
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- Construction management and lean construction

- Building Information Modeling(BIM) and product management

- High-performance features and cost-effective building solution

- Seismic design and structural performance evaluation

- High-rise modular building construction

O A7AkE (Z=AFZ1ZE: 2008.01 - 2013.07)

Contents

Research publications

Title

Effects of Lean Construction on Sustainability of Modular Homebuilding

Sustainable development Lean construction Residential 2012

Author

Isabelina Nahmens and Laura H. Ikuma

Source

JOURNAL OF ARCHITECTURAL ENGINEERING

Description

Construction activities and the built environment have an enormous effect on the
environment, human health, and the overall economy. Sustainable homebuilding in all
three dimensions of economic, environmental, and social effects is attainable through
practical innovations and technologies. However, the greatest barrier to the widespread
application  of sustainable homebuilding is the higher initial costs largely attributable
to the learning curve of workers building with these practical innovations  and
technologies, and the added cost resulting from ill-defined construction processes. To
address these challenges and reach the ideal of sustainable construction, this paper
proposes the use of lean construction as a viable and effective strategy, in particular
the lean tool kaizen. This paper uses several case studies to showcase the effect of
lean on the triple bottom line of sustainability in modular homebuilding. Each case
study highlights one  dimension of sustainability. Lean construction resulted in a
significant ~ environmental effect by reducing material waste by 64%, a significant
social effect by reducing or eliminating key safety hazards of excessive force, poor
posture, and struck-by, and a significant economic effect by reducing production hours
by 31%. Findings from this research will contribute to a better understanding of the
effect of lean on homebuilding sustainability and will promote lean and safe building
techniques in modular homebuilding.

Keyword

Modular homebuilding; Sustainability; Offsite construction; Lean construction.

Title

Application of Modular Construction in High-Rise Buildings

Construction High-rise buildings Residential 2012

Author

R. Mark Lawson, M.ASCE; Ray G. Ogden; and Rory Bergin

Source

JOURNAL OF ARCHITECTURAL ENGINEERING

Description

Modular construction is widely used in Europe for multi-story residential buildings. A
review of modular technologies is presented, which shows how the basic cellular
approach in modular construction may be applied to a wide range of building formsand
heights. Case studies on 12-, 17-, and 25-story modular buildings give design and
constructional information for these relatively tall buildings. The case studies also show
how the structural action of modular systems affects the architectural design concept of
the building. The combination of modules with steel or concrete frames increases the
range of design opportunities, particularly for mixed-use commercial and residential
buildings. An overview of the sustainability benefits and economics of modular
construction is presented based on these case studies.

Keyword

Modular; Steel; Residential, High-rise; Construction; Economics.

Title

Use of Safety and Lean  Integrated Kaizen to Improve Performance in Modular
Homebuilding
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Construction Lean construction Residential 2011

Author

Laura H. Ikumal; Isabelina Nahmens2; and Joel James3

Source

JOURNAL OF CONSTRUCTION ENGINEERING AND MANAGEMENT

Description

The two biggest challenges in the construction industry, low productivity and high
injury rates, may be addressed simultaneously through the combination of lean
production strategies and traditional safety-analysis tools. This case study used Safety
and Lean Integrated Kaizen (SLIK) in a modular housing manufacturing facility by
applying one lean production tool, kaizen, and a safety-analysis tool, job safety analysis
(JSA). The research team used SLIK with the base-framing crew, and the method
consisted of analyzing the current process, determining and implementing process
improvements, and analyzing the improved process. The changes resulted in a 16%
increase in valueadded activities and increased the framing crew’'s overall output by
55%. By making quick, low-cost changes that were intended to improve productivity to
the station layout and work design, safety and ergonomic hazards, including reduced
trip hazards, pinch points, and back strain, were also reduced or eliminated. These
results support the hypothesis that productivity and safety can be improved
simultaneously through combined lean and safety tools.

Keyword

Occupational safety; Lean construction; Productivity; Residential buildings; Construction
management.

Title

A Simulation-Based Multi-Agent Approach for Scheduling Modular Construction

Construction Scheduling General 2012

Author

H. Taghaddos a; U. Hermann b; S. AbouRizk c; Y. Mohamed d

Source

JOURNAL OF COMPUTING IN CIVIL ENGINEERING

Description

Modular construction is a common practice for building industrial plants, particularly in
the oil sands region of Alberta, Canada. Each module is a project with its own
activities and constraints. These modules are prefabricated offsite, at a location called
the module assembly yard, and then shipped to the site. Effective scheduling of
modules of an industrial plant involves developing a realistic schedule that makes best
use of limited resources in the yard while satisfying the constraints and uncertainties of
the entire project. Scheduling such large-scale, multi-unit projects using commercial
CPM-based scheduling applications (e.g. Primavera, Microsoft Project) is not effective.
In previous work, we have introduced a hybrid framework, called Simulation-Based
Auction Protocol (SBAP), for effective resource scheduling in largescale projects. The
present study employs the SBAP framework for effective allocation of resources (e.g.
space, skilled crew) and for satisfaction of various constraints. This system pulls data
from a comprehensive database, runs the simulation model behind the scenes, and
generates various graphical reports to aid superintendents and project managers in
pertinent project decisions. The developed system is also capable of scheduling the
fast-track modular construction projects with limited data available, doing effective
resource leveling, and scheduling resources (e.g. space, crew) effectively based on
various shifts and calendars. The described case study in this paper demonstrates the
capabilities of the developed system for planning the module assembly yards.

Keyword

modular construction, scheduling, resource allocation, simulation, auction protocol

Title

Lean Transformation in a Modular Building Company: A Case for Implementation

Manufacturing Lean construction Residential 2013

Author

Haitao Yul; Mohamed Al-Hussein, M.ASCE2; Saad Al-Jibouri3; and Avi Telyas4

Source

JOURNAL OF MANAGEMENT IN ENGINEERING

Description

Encouraged by the remarkable productivity improvements in the manufacturing sector,
the construction industry has a long history of trying to garner the benefits of
manufacturing technologies. Whereas industrialized construction methods, such as
modular and manufactured buildings, have evolved over decades, core techniques used
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in prefabrication plants vary only slightly from those employed in traditional site-built
construction. The objective of this research was to develop and implement a production
system for the effective application of lean tools in building components prefabrication.
To overcome the prevalent skepticism among middle management, the lean journey
started with a pilot project involving one production line. Over a six-month period, lean
tools such as 5S (sort, straighten, shine, standardize, and sustain), standardized work,
takt time planning, variation management, and value stream mapping were implemented
to a communication shelter production line. The implementation successfully won the
support of the middle managers and established the foundation for expanding lean
practices to other parts of the factory and applying relevant lean tools and techniques.

Keyword

Manufacturing; Lean construction; Production management; Productivity.

Title

Implementation of Building Information Modeling (BIM) in Modular Construction:
Benefits and Challenges

Construction BIM | General 2010

Author

Na Lul and Thomas Korman2

Source

Construction Research Congress 2010

Description

Modular Construction consists of one or more structure units fabricated in a
manufacturing plant away from the jobsite. In the building industry, prefabricated
modules are normally completed with trim work, electrical, mechanical and plumbing
installed. Previous studies have proved that Modular Construction provided many
advantages to the built environment, including the reduction of need for workforce, the
reduction of onsite Green House Gas (GHG) emissions, and the improvement of
construction schedule and product quality; however the extensive demand of preproject
planning and coordination among members of cross-interdisciplinary professionals have
significantly impeded the application of this technique. With the recent development of
Building Information Modeling (BIM), these challenges could be overcome through the
BIM platform. Through case studies the benefits and challenges of implementing BIM

in modular construction are clearly identified.

Keyword

Building Information Modeling, Coordination, Prefabrication, Building Systems.

Title

High Performance Modular Building: Inspiration from the Past, Technology from the
present, Design for the Future

Facilities Energy Commercial 2011

Author

Bill Jeng, P.E.1; Dean DiGiovanni, P.E.2; and Agnes Wan, A.ILA.3

Source

AEI 2011

Description

This Case Study presents the design and construction of a new high performance
building for the East Bay Municipal Utility District (EBMUD). The 5,600 square foot
commercial building with offices, open cubicles, conference/meeting rooms, and
locker/shower rooms will serve 22 ranger staff that work in the Mokelumne River
Watershed in the Sierra Nevada foothills approximately 30 miles northeast of Stockton,
California. The building is unique in that the designers included several sustainable and
high performance features by employing a combination of “low technology” methods
using design strategies from pre-modern historical practices with “high technology”
analyses and controls. The sustainable features include water saving systems (rainwater
collection, gray-water irrigation); low energy HVAC systems (radiant floors, natural
ventilation, earth tubes, stack effect); and energy generation (PV, future wind turbine).
The project goal was to achieve “net zero” annual energy use. Furthermore, the
building was designed for modular construction to minimize construction waste and

provide a cost-effective building solution.

Title

Innovation and Improvements of Mechanical Electrical and Plumbing Systems for
Modular Construction using Building Information Modeling

Construction BIM Commercial 2011

Author

Thomas M. Kormanl Ph.D., P.E., P.L.S. and Na Lu2, Ph.D.
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Source

AEI 2011

Description

Modular construction is defined as structure units fabricated in a manufacturing plant
away from the jobsite. In the building industry, prefabricated modules are normally
completed with mechanical, electrical, and plumbing (MEP) installed. Prior to the use
of Building Information Modeling (BIM) software technology, the coordination of MEP
systems had created major challenges for complex buildings and industrial plants and
limited the potential for pre-fabrication in modular construction projects. The
prefabrication coordination process has historically involved representatives from each all
trades working together to locate equipment and route connecting elements for each
system. The use of BIM software technology has facilitated the prefabrication
coordination process and has increased the potential for prefabrication on multiple
levels. This paper explores and presents the current research and demonstrates how BIM
software technology can be utilized to further innovation and increase the opportunities
for prefabrication of MEP systems for modular construction projects.

Keyword

Building Information Modeling (BIM), Information Technology Building Information
Modeling, Coordination, Prefabrication, Building Systems.

Title

Modular Construction of  Steel Plate Shear Walls for Low and Moderate Seismic
Regions

Structures | Seismic design Residential 2011

Author

Robert G. Driverl and Hassan Moghimi2

Source

Structures Congress 2011

Description

Steel plate shear walls are generally considered to be economical only in high seismic
regions, primarily because the high levels of ductility and resilience under cyclic
loading have been demonstrated almost exclusively by tests on walls that contain
expensive detailing at the beamto- column connections. However, the lower demands on
seismic load resisting systems in low and moderate seismic regions may permit the use
of far more economical fabrication options.

The use of modular construction methods is one option for reducing the costs
associated with fabrication and erection. Modular components with repetitive fabrication
processes can be produced in the shop and assembled in the field by bolts, eliminating
the need for field welding entirely. This paper describes several potential modular
options and discusses their advantages and disadvantages in terms of economics and
constructability. The performance of one of these concepts (with different means of
meeting capacity design requirements) is evaluated using detailed finite element models.

10

Title

Integrated BIM/Lean Base Production Line Schedule Model for Modular Construction
Manufacturing

Construction | BIM General 2012

Author

Mansoorech  MOGHADAMI1, Aladdin ALWISY2, Mohamed AL-HUSSEIN3

Source

Construction Research Congress 2012

Description

Building Information Modeling (BIM) and lean are two distinct concepts used in the
construction industry which are independently applied to the construction process and
provide profound impacts. Evidence shows potential gain if both BIM and lean are
integrated. This research proposes an integrated model that applies both BIM and lean
on a modular construction manufacturing (MCM) process and gains the benefits of both
concepts. A computer tool for drafting the modular construction process called MCMPro
was expanded to generate the building components’ schedule. The Value Stream Map
(VSM) of the factory is generated based on the components’schedule through a
proposed Integrated Process Improvement (IPI) method using a set of mix lean
principles to reduce waste over a broad range of factory activities. A simulation model
using Simphony.NET 3.5 is developed to run

the generated VSM and produces the results. The proposed methodology is validated by
a case study, which is a modular building located in Edmonton, AB, and illustrates the
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effectiveness of the proposed methodology.

BIM Approach for Automated Drafting and Design for Modular Construction

Title Manufacturing
Construction BIM General 2012

Author A. Alwisyl, M. Al-Hussein2 and S. H. Al-Jibouri3

Source JOURNAL OF COMPUTING IN CIVIL ENGINEERING
Industrialization creates new requirements for design. Designers need to consider not
only building performance, but also production plan needs. This requires a
well-structured Building Information Model (BIM) to support the manufacturing needs

11 for design and drafting. BIM, in combination with CAD tools such as AutoCAD and

ArchiCAD, can be used for this purpose. These, however, are not sufficient to support
the level of detail needed for the manufacturing process. The proposed research

Description | establishes a methodology for the automation of design and drafting for the building
manufacturing of residential facilities based on the platform construction framing
method. The proposed methodology has been incorporated into a computer model called
MCMPro, which was developed using Visual Basic for Applications (VBA) as an
add-on to a CAD model. MCMPro incorporates BIM technology based on CAD
parametric modelling and manufacturing requirements in a 3D-model, in order to
generate sets of shop and fabrication drawings.
3D-Modeling For Crane Selection And Logistic For Modular Construction On-Site

Title Assembly
Construction Assembly General 2012

Author J. Olearczyk 1, M. Al-Hussein 2, A. Bouferguene 3 and A. Telyas4

Source JOURNAL OF COMPUTING IN CIVIL ENGINEERING
Adequate crane position on construction site required large amount of site data to be
collected, prior to any lift operation. Existed permanent/ non-permanent obstructions as
well as objects being placed on their final position, must be considered for each lift.
This paper presents a methodology for crane selection and on-site utilization
evolutionary algorithm for multi-lifts for modular construction. The proposed

12 methodology accounts for cranes capacity limitation as well as evaluates the crane
carrier/body position and orientation. State-of-the-art methodology incorporate
L evolutionary algorithm that reacts to dynamic changing site conditions.

D e This paper introduces a case study where the objectives were to simplify and optimize
the field assembly operation for 5- three-storey dormitory buildings including bridges
and large roofs in McGregor Village for Muhlenberg College in Allentown,
Pennsylvania, USA. Each dormitory contains three types of modules and a total of 18
separate modular units. Fully habitable elements were delivered securely on flatbed
trailers to the site in advance. An all-terrain mobile hydraulic crane placed in the center
of construction site lift each module and placed like a puzzle floor by floor for each
building at predefined position. All 100 lifts were conducted in only 10 working days.
High Performance Modular  Building: Cost Effective Solutions for Design and

Title Construction of a Sustainable Commercial Building
Facilities Sustainable design Commercial 2012

Author Dean DiGiovanni, P.E.1; Bill Jeng, P.E.2; and Agnes Wan, A.L.A.3

Source Structures Congress 2012

13 This Case Study presents the design and construction of a new high performance
building for the East Bay Municipal Utility District (EBMUD). The 5,600 square foot
L. commercial building with offices, open cubicles, conference/meeting rooms, and
Description

locker/shower rooms serves 22 ranger staff that work in the Mokelumne River
Watershed in the Sierra Nevada foothills approximately 30 miles northeast of Stockton,
California. The designers created a unique building that included several sustainable and
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high performance features by employing a combination of “ow technology”’methods
using design strategies from pre-modern historical practices with “igh
technology”analyses and controls. The sustainable features include water

saving systems (rainwater collection, gray-water irrigation); low energy HVAC systems
(radiant floors, natural ventilation, earth tubes, stack effect); and energy generation (PV,
future wind turbine). The project goal was to achieve “et zero” annual energy use.
Furthermore, the building was designed for steel-frame custom modular construction to
minimize construction waste and provide a cost-effective building solution.

This case study presents the design strategies employed in this project, the goals of
minimizing water use and construction waste, the importance of reducing the energy
demand, the benefits of non-conventional and low energy HVAC systems, and the
potential for “et zero”energy use with a combination of power generation with PV and
low-energy use features. The design strategies include project siting for optimum
passive and active solar gain, using bioclimatic analysis for active and passive design
strategies, high performance building envelopes to minimize thermal loss, floor slab
mass for temperature moderation, and architectural features to reduce energy demands
and to optimize day-lighting and minimize solar gain. Some of the unique sustainable
features of the project include rainwater collection for HVAC hydronic systems,
rainwater use for toilet flushing, a “ight-sky-spray-chiller”for cooling water in lieu of a
conventional chiller, earth tube preconditioning of ventilation air, and separate plumbing
for gray-water collection to be used in irrigation. The project includes a 10kW
photovoltaic system and options for a future wind turbine for backup power generation.

This case study also presents building performance concept drawings, design
schematics and renderings, performance specifications for a complete building as a
product, key elements for competitive bidding, construction photos, cost analysis of
conventional and high performance features, and lessons learned during the design and
construction of the project.
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TEANG] 20%E FHHA FEE M

- 1S A2 109 W] waAEEd 43%S A& (v vy

s FAZIA = Sikst=d AR
o] HEHo g AAe 2020~20243 741 9] A A A

=
=
= Hel(BE)S AvEd [ 4-5]¢F &

i

o
A
[-40

2) 7127kA] WARPgolA J12vlole Meuhne MEstel £ wuo] oshAY BPKoR Heshe Wil 98 AL
Jb merde] UE9 AHPE A &sto] 7147l wg AVgE I J3H2006)2] ATNAE ARIZHA THAAS TSR,
AR, QRO R 3RS olF J|eAtite] SR FRE(]27]0)E 29.7%2 AHEd} 9.

3) KISTEPOIA] A5 "0 REDHO} OISl Tk 3905 SITF MEHe7 o] RADAIGIS] SaEA Aot RED1o
=5 10.9% 22 30.6%2 XLt 2 BMoA= 30.6% A&t
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- AAAG A ez e a3t A 202000 = A 705
A ~Ha 140999, AAriE Fye mHE dxel 2024l =
1491991 ~298291 o & o4

- QA 20201 29.491 9 ~5899 9, 2024 62.39 U ~124.69 Lol o]
2 o= oid

- U AL 20209 41.097 9 ~82.199 9, 2024 86.89) 1 ~173.79 el o]
2 Ao oay

Aol =4 (@9 o9)
R&D 7] % <HF> 2020 2021 2022 2023 2024
H3A 70.5 89.1 109.2 129.7 149.1
A A A T34 105.7 133.6 163.8 194.5 223.7
o34 140.9 178.2 2184 259.3 298.2
H3A 29.4 37.2 45.6 54.2 62.3
&l & A T HA 441 55.8 68.4 81.2 934
SR 589 74.4 91.2 108.3 124.6
H3A 41.0 51.9 63.6 75.5 86.8
= U A T HA 61.5 77.8 95.4 113.3 130.3
G4 82.1 103.8 127.2 151.0 173.7
Z® Qo] 2AL ARV ZQUsHA] e dmd B2

AR oz AAT 2020~202437kA 2] AAA G 7F <

=

=9 )S A ERE (#4619 22

- AAAE A ez ARr)E &3e As 202030 HA
19783999~ a1 39569, 71 7l g3 w9k dxQl 20249
= 418699 ~837.39 0w oAy

- S A A 2020 82699 ~165.290 %, 2024\ 174.99 9 ~349.79] <l o
o] Ao iy

- A 20200 1152999 ~23049 ¢, 20244 243.89 ¥ ~487.6% ¢ ol
o] Ao ig
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[ 4-6] AAY 2A4S 93 He 521 (2)
A=A (T oY)
R&D 7199% <7> 2020 2021 2022 2023 2024
LS| 197.8 250.1 306.6 364.0 418.6
2 A A =44 296.7 375.2 459.9 546.0 623.0
SRUS| 395.6 500.2 613.3 728.0 837.3
LS| 826 1045 128.1 152.0 174.9
3 2] A] % =934 123.9 156.7 192.1 228.1 262.3
SRURS| 165.2 208.9 256.1 304.1 349.7
B2 1152 1456 1786 212.0 243.8
U A =94 172.8 2185 267.8 317.9 365.7
SRR 230.4 291.3 357.1 423.9 487.6
Z B QM9 A= AR R HQISHA] 4o A P=FoHol
O 2020~202417kA1 9] Ree A5 A EAA wid 48 5 e dA7t
o] A AxkstH 7FA Abgrel] uwpEl H A 35457(H A -1 Ao
ol A # i1 1990.799 Y (G4 - #4) Ale]e] Helo] Aol
(4) v]g2 A4
O 1~3AF A9 85 437 dak(ehow AR EAFI Wkl F9 g
st gRoR T7P<4°1 ZHo] o] FojxA] gEth= A st dATIA =
Al o F32 302.129 94
(5) BAH AA
O <A A% EA7|H F AJ-H|&(B/C ratio)®4], =dA 712 (NPV) &
A UWFEFAERR) 24S AFEste] 2 &4 WhHol AAgE s F
Ze] 7HAE Vel ®E AAEE AdstEE &
(th A48 =4 23
4) 2 ARME AAY BAS £ T 71K 1 AR gl 69A9] Aluele g Ueo] ALstgS. A
WA= R&D 710l & H2A(10.9%) 710129 YA 7101 =(30.6%)2 URglon, & WAL ARAATS
T2 8t AIGAES B4R, YA, YA o A g2 URAS. F 7R 7}7%0*4 zgog

=
=2

5 6719 Holg AbggloeA oZugls

44
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O Aluzgled 443 [# 4-719 2ow, B/C ratios 1.31~7.37
Abelel Ay =EFH
O NPV 7§ 84589 el A 1720809 ¢ Atele] Axprl =&5US
O IRRY ¢ 810%~36.00"% Atole] AFZ B
O ¥ shetel] glof 6vHAle] AvEe mF AAY EAse Ao
Uetd, 2o G At 3R d Aoz BAEAE AN 4
Aatolq Ayl oz Fes o
[ 4-7] Aveled 245
Ao w4 Az
R&D7] o = Al el & B/C ratio NPV (1 ¢) IRR
g 1.31 84.58 8.10%
w4 4 1.97 261.86 14.03%
e 2.63 439.15 18.46%
RS 3.69 72541 23.93%
ER 4 553 1,223.10 30.84%
o3 7.37 1,720.80 36.00%
(2) HE-w B4 A
O R&D 7% E HEHow MAs I, A|ZdSE: g nyedow A4
HE-H g AMFJ_MW% B/C ratio 1.31, NPV 84589 ¢, IRR 8.10% %

e e
g REAe Bgow g s B ;
9ol gt A2T 4¢E dehla 98 AA 2E A 43
G 1%EE 4 5 ned P9 Al
o7 w9
g nEHe AR B, AAA BgAel EAsE Aow
FHYE
(% 4-8] Avteled 2423

BE-ng AuEe #4 d

das 899 B/C ratio NPV () IRR
Cash-in(B) Cash-out(C)
1.31 84.58 8.10%
354.57 269.99
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[3 4-10] Alvpe] e 44

By-gdd Alygle 4 A3
Avaa5(9d9) B/C ratio NPV(e19) IRR
Cash-in(B) Cash-out(C)
2.63 439.15 18.46%%
709.14 269.99

O R&D 7|9 =5 H434
2]

(5) Go-n5 ¥4 A3t

Ao R AAsta, AFdSEs BeHes A4
G#-1F Al 2o A= B/C ratio 369, NPV 7254191€, IRR
23.93% % &4 5 A

O dAle] R&DFAEY 7 HEx Ao o]& AS=R oFsto] g=Aart
we A4ge adsgod, nEd Ade Adud P4EEs} =
AAE ARE ARAUE. F AP A e Hol,
e Al AZATE 288 el AT A5 UERA &
O Wud Y4 How wE BY gl AAH Pl 4
s Ao wEHgden, Mad g ARE e Aom B4
HAS. ol AFAMY E37F EAletA %, Hls 7o Al A= 7]
=]l a9t VlE Adolgte FHelA H & F AeS AAE
(& 4-11] Al Bz
Sd-H5 AU A A
dF3E(Y9) B/C ratio NPV(S¥) IRR
Cash-in(B) Cash-out(C)
3.69 725.41 23.93%
995.40 269.99

O R&D 719 5E YA oz HAAsa, AZdEe A £ 44T
Aoz oF3 J#A-TH Ayl LolA = B/C ratio 553, NPV 1,223.10
919, IRR 30.84% = EA A3 =49

O dAle] RDFEAS] 7/ Ex Ao oS RO o=3te] girzarp o
FEas REY A dA F A S e S, &, AFAL
do A= w1, BEY A AR §AEHE 33 xS A=
UER AL 9

O Hlmd Y#AH2 Moz BE A oA A edAo] EAsh=
Ao® =ZHG oW AMYFY] ARE w9 =2 Ao FAHAS
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[ 4-12] Alve]ed F4 4

Awa5(9) B/C ratio NPV(e19) IRR
Cash-in(B) Cash-out(C)
553 1,223.10 30.84%
1,493.10 269.99

(6) Hrek-v}

r

IE-E

O R&D 7lees Y or dAsta, AgdS B3k daqos HAc
HGa-dd Aug o= B/C ratio 7.37, NPV 172080%9, IRR
36.00% % &A% A

Fol WA ARE AHAAL. 5, APAA ABE B3, wEY
A AFME a2 AdEe] AT A5 YERda e, o= 7
o, dE Ao FAHH Al AAATE R AIVIE A e
O HS#A AHo=m HE A4 oA BAA gdAde]l EAlete o=
EEHFoH ARG A ES vfg =& AJE S HoFa S
[¥ 4-13] AlvEled +443
g@d-g9# Ay e B4 Az
AFEZE(AdY) B/C ratio NPV (& €l) IRR
Cash-in(B) Cash-out(C)
7.37 1,720.80 36.00%
1,990.80 269.99
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O [& 4-15]= R&D 79es HaHom A § &el&o] 4.3%0l
A 5.5%2 WAHNE 45 NS F4T A

=

O old we} H#-®F9 4 B/C ratiox 3.69°1+4 3.382.% 0.31%F
= #astddon, NPVE 725419 el A 623.0991 e = 102329 ¢
ks Ao, S A§ B/C ratio 737914 6.76%,

NPV 1,720.80<} ol A 1,508.15

12
40,
o
fil
iy
>
o
949
o

O $lo BA3} wA AR @9l go] 5ol mWe B/C ratiosh NPV
7t Badte BEg ngoy, oddl 4AE gBggel xe Aoz
Uehton], gdge mud fow B

[¥ 4-15] Wit ¥ 27
e B Ay
R&D7] o =< 3> Ao = B/C ratio NPV(e] 91)
A 3.69 725.41
4.3%
=g
(10 =) O 553 1,223.10
kol & ¢ R 7.37 1,720.80
et R 3.38 623.09
5.5% o
(A}3]) A &1 &) S H 5.07 1,065.62
RS 6.76 1,508.15
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[ 4-16] 2528 Aol Holg 7Igtoz st vg e
LEFEEA(ES: FH)
At L

SRk ER B ER SR o Rl

A - H s A -5 9 -3
THFAE 1.0 16 2.1 2.9 4.4 5.8
FAHE 1.7 2.6 35 4.9 73 9.8
SHBE 14 2.1 2.8 4.0 6.0 8.0
R e 1.8 2.7 3.6 5.0 75 10.0
A 8 FelAF 5.0 75 10.1 14.1 21.2 28.2
A E HA 1.0 15 2.0 2.8 4.1 55
M 3 A ekAl 2.0 3.0 4.0 5.7 85 11.3
3} 3t A| & 12.2 18.3 24.4 34.2 51.3 68.5
v 54 35 A 20.5 30.7 40.9 57.4 86.1 114.8
A1 =45 A F 24.1 36.1 48.1 675 101.3 135.1
=& A F 28.6 42.9 57.1 80.1 120.3 160.4
k7] 7] 12.1 18.1 24.2 339 50.9 67.9
A7) 8 A =2717] 13.3 19.9 26.5 37.2 55.8 74.4
48 7]7] 0.9 1.3 1.7 2.4 3.6 48
7] 1.8 2.7 35 5.0 75 10.0
71 e A 24 A F 25 3.8 5.1 71 10.7 14.3
A 7tad e E 1.8 2.6 35 5.0 7.4 9.9
Fals! 4275 640.7 853.8 | 11983 | 17980 | 23977
= 2 27.2 40.8 54.4 76.3 1145 152.6
43 € 4 5.9 8.8 11.8 16.5 24.8 33.1
7 2 By 10.2 15.3 20.4 28.7 43.0 57.4
N 2 s 35 5.2 7.0 9.8 14.7 19.6
78 2 2y 12.0 18.0 24.0 33.7 505 67.4
FEak B ARG A ] 2 349 52.3 69.7 97.9 146.9 195.9
TEAG L = 0.2 0.2 0.3 0.4 0.7 0.9
NS 5.2 77 10.3 14.5 21.7 289
AFS] g 7TERA H] 2 4.7 7.1 9.5 13.3 19.9 26.6
7] e 8.6 12.8 171 24.0 36.0 48.0
A Ak 5995 8983 | 11972 | 16802 | 2521.1| 33621
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[# 4-17] 2523 AL

Ak g 2 (9] 109 9)
At L

HE A BE B BE SR SR ot

A -4 - S -% 4 -y
THFAE 0.18 0.26 0.35 0.49 0.74 0.98
FAHE 0.27 0.41 0.55 0.77 1.15 1.54
SHEE 0.22 0.34 0.45 0.63 0.94 1.26
A 2 MSEAE 0.21 0.32 0.42 0.59 0.89 1.19
A 9 FolAE 0.75 1.12 1.49 2.10 3.15 4.20
A E HA 0.10 0.15 0.19 0.27 0.41 0.54
A 9 A ekAE 2.21 3.32 4.42 6.20 9.31 12.41
5} 8HA 2.90 4.35 5.79 8.13 12.20 16.27
v 54 35 A 3.28 4.92 6.55 9.20 13.80 18.40
A1 =45 A F 8.88 13.31 17.74 24.90 37.36 49.83
=& A F 3.94 5.90 7.87 11.04 16.57 22.10
A wk7] 7 1.66 2.49 3.31 4.65 6.98 9.31
W71 B A7 2.60 3.90 5.19 7.29 10.94 14.59
48 7]7] 0.10 0.15 0.20 0.29 0.43 0.57
T4 0.31 0.47 0.63 0.88 1.32 1.76
71 b Al 2 Al 0.28 0.42 0.56 0.79 1.19 1.59
K= Eaps 1.00 1.50 2.00 2.81 421 5.61
Fals! 35.62 53.38 71.14 99.84 | 14981 | 199.77
= 2 2.25 3.36 4.48 6.29 9.44 12.59
+4d 9 &9 0.44 0.65 0.87 1.22 1.83 2.45
R 1.27 1.90 2.53 3.55 5.33 711
Al 2 s 0.49 0.73 0.97 1.36 2.05 2.73
78 2 2y 1.48 2.22 2.96 4.15 6.23 8.30
FEak B ARG A ] 2 3.57 5.35 7.13 10.01 15.01 20.02
TEAG L = 0.02 0.02 0.03 0.04 0.06 0.08
NS 0.34 0.52 0.69 0.96 1.45 1.93
AFS] g 7TERA H] 2 0.36 0.54 0.73 1.02 1.53 2.04
7] e} 0.81 1.22 1.63 2.28 3.42 456
A Ak 7555 | 11322 | 150.89 | 21176 | 317.75| 42374
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[# 4-18] 252 AU

AGHLad (a9 9)
At L
HE A BE B BE SR SR ot

A -4 - S -% 4 -y

THFAE 6.3 9.4 12.6 17.7 26.5 35.4
FAHE 2.2 3.3 4.4 6.1 9.2 12.3
SHEE 3.8 5.7 77 10.7 16.1 215
A 2 MSEAE 2.4 3.6 4.7 6.6 10.0 13.3
A 9 FolAE 6.5 9.7 12.9 18.1 272 36.2
A E HA 1.4 2.0 2.7 3.8 5.7 77
A 9 A ekAE 2.6 4.0 53 74 11.1 14.9
5} 8HA 155 23.3 31.0 435 65.2 87.0

v 54 35 A 25.5 38.3 51.0 716 107.4 143.2
A1 =45 A F 30.7 46.0 61.3 86.0 129.0 172.1
=& A F 35.8 536 714 100.2 150.4 200.5

A wk7] 7 14.8 22.1 29.5 41.4 62.1 82.9
W71 B A7 15.9 23.9 31.8 44.6 66.9 89.3
48 7]7] 1.0 15 2.0 2.9 4.3 5.7
T4 2.1 3.2 4.3 6.0 9.0 12.0

7V EHAl 2 A 3.4 5.1 6.9 9.6 14.4 19.3
G I =l 2.0 3.0 4.0 5.6 8.4 11.2
Fals! 481.0 720.8 960.6 | 13481 | 2022.8| 26975

= 2 51.8 776 1035 145.2 2179 290.5
+4d 9 &9 12.7 19.0 25.3 355 53.3 71.1
R 14.6 219 29.2 40.9 61.4 81.9
Al 2 s 45 6.8 9.0 12.7 19.0 25.3
78 2 2y 13.1 196 26.1 36.7 55.1 734
FEak B ARG A ] 2 40.3 60.4 80.5 113.0 169.6 226.2
TEAG L = 0.2 0.3 0.3 0.5 0.7 1.0
NS 6.0 8.9 11.9 16.7 25.1 335
ALE] B 7] A H 7.4 11.0 14.7 20.6 31.0 41.3
7] e 17.3 26.0 34.6 485 72.8 97.1

A Ak 930.3 | 13942 | 18580| 26075 39126 | 52177
(2) A$E T3 BEY AF5EY Ale7ls =35 g 7

AG TN TFTAHeE 44 Ao FxHstd g8
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5%, IAFYAY U 2202 Aty
14, AAAY 2942t
(chef - M
1244 22t 3} 434 52} 62} Hg
e
yeo|owze | e | owz | oye | oWz | oy ook | e | owze | oye | oz | oye | ooz
=4 2,209,153 690,520 | 3,458,688 760,911 | 2,760,513 634,918 | 4,336,785 910,725 | 5,885,382 | 1,294,784 | 5,449,452 | 1,144,385 | 24,099,974 | 5,436,244
1M 8 | 1,208,784 253,845 | 1,664,871 366,272 | 1,441,006 331,431 548,654 115,217 504,573 111,006 432,111 90,743 5,800,000 | 1,268,515
1-1 416,119 87,385 552,735 121,602 504,265 115,981 201,600 42,336 205,276 45,161 179,070 37,605 | 2,059,066 450,069
1-2 564,227 118,488 791,460 174,121 670,833 154,292 347,054 72,881 299,297 65,845 253,041 53,139 | 2,925,912 638,766
1-3 228,438 47,972 320,676 70,549 265,908 61,159 0 0 0 0 0 0 815,022 179,680
2N 5 425,944 316,046 | 1,026,177 225,759 665,345 153,029 353,297 74,192 | 1,133,049 249,271 896,189 188,200 | 4,500,000 | 1,206,497
2-1 286,833 286,833 584,707 128,635 267,291 61,477 353,297 74,192 | 1,133,049 249,271 896,189 188,200 | 3,521,366 988,608
2-2 139,111 29,213 441,470 97,123 398,054 91,552 0 0 0 0 0 0 978,634 217,889
M E 574,425 120,629 767,640 168,881 654,162 150,457 820,206 172,243 805,074 177,116 678,466 142,478 | 4,299,973 931,805
3-1 329,734 69,244 174,779 38,451 298,909 68,749 145,649 30,586 274,779 60,451 274,779 57,704 1,498,628 325,186
3-2 244,690 51,385 592,861 130,429 355,254 81,708 390,649 82,036 145,649 32,043 145,649 30,586 1,874,752 408,188
3-3 0 0 0 0 0 0 283,909 59,621 384,646 84,622 258,038 54,188 926,593 198,431
IPS|E=Y 0 0 0 0 0 0] 2,614,628 549,072 | 3,442,686 757,391 | 3,442,686 722,964 | 9,500,000 | 2,029,427
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274, AEIAE A QoA
1. 1AF Fx1&of
(eH
H 2 12pd = 22T 3T ARPA T 5t E bR st A
1) Q7| LH/Q| & QI7iH]| 551,088 720,130 656,352 240,250 246,442 213,005 2,627,266
AT | AL L A 4D H| 32,000 0 0 0 0] 0 32,000
o L2
2 24| A|2FE | AHH| 205,000 395,000 283,600 125,000 70,000 56,500 1,135,100
A = H| 81,777 106,861 97,397 35,651 36,570 31,608 389,863
2) 2| Of H 47,022 61,446 56,004 20,500 21,028 18,175 224,175
oy +SH|ELLT 37,468 48,961 44,625 16,334 16,755 14,482 178,627
S H| _
7= B2h=H| 63,555 83,050 75,695 27,707 28,421 24,565 302,993
A L4 82,663 108,019 98,453 36,037 36,966 31,951 394,090
3) 7t H| 108,211 141,404 128,880 47,175 48,391 41,825 515,886
4) 2F A 1,208,784 1,664,871 1,441,006 548,654 504,573 432,111 5,800,000
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(1) 1-1 AF-2A 28 o4t

(hl - HH)
Hl 2 1RHAE | 23EE | 3R | 4REE | 5AEE | 6XUE 3 A
1) Q74| /25 QI7H| 189,475 234,058 247,061 91,642 116,410 101,549 980,194
A LT | AR 2 A| A H| 32,000 0 0 0 0 0 32,000
o 2|

A 2| AlRFE A 2HH]| 50,000 140,000 68,600 40,000 0 0 298,600
A =H| 28,116 34,732 36,662 13,599 17,274 15,069 145,452
2) AZH| OfH| 16,167 19,971 21,081 7,819 9,933 8,665 83,636
o1 +8H|ELLT 12,882 15,913 16,798 6,231 7,915 6,904 66,643

25| .
7| =4 E&5H| 21,851 26,993 28,493 10,569 13,425 11,711 113,042
AL 28,421 35,109 37,059 13,746 17,461 15,232 147,029
3) 7HH| 37,205 45,959 48,513 17,995 22,858 19,940 192,470
4) 2t A 416,119 552,735 504,265 201,600 205,276 179,070 2,059,066
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(2) 1-2 AF-2A 28 o4t

(Eb9l : H9)
Hl = 1A 22t = 32t = AZtAE 52t = 62t g A
1) HH| Li/<l & Q171H| 257,587 346,752 295,358 148,608 130,032 111,456 | 1,289,794
HA7| R FA| 2] 0 0 0 0 0 0 0
AAEH

i A|ZFE 2| 2] 110,000 180,000 150,000 85,000 70,000 56,500 651,500
2 2H]| 38,224 51,455 43,829 22,052 19,296 16,539 191,394
2) 21™H| ofH| 21,979 29,587 25,202 12,680 11,095 9,510 110,053
o2 £~8HUL4LR 17,513 23,576 20,081 10,104 8,841 7,578 87,693

23 H| -
I aH BE | 29,707 39,990 34,063 17,138 14,996 12,854 148,747
o4t 38,638 52,013 44,304 22,291 19,505 16,718 193,469
3) 7tAH| 50,579 68,088 57,996 29,180 25,533 21,885 253,262
4) & A 564,227 791,460 670,833 347,054 299,297 253,041 | 2,925,912
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(3) 1-3 Al F-2A] 2@ o4t

(Bt - M)
Hl =2 13HAE | 23pdE | 3AEE | 4AEE | SAEE | 6AUE 3t 7

1) Q74| /25 QI7H| 104,026 139,320 113,933 0 0 0 357,278
27| LR L A A 0 0 0 0 0 0 0

o 2|
A|REE | 2HH| 45,000 75,000 65,000 0 0 0 185,000

2 2 H|
A =H| 15,436 20,674 16,907 0 0 0 53,017
2) AZH| Of H| 8,876 11,888 9,721 0 0 0 30,485
oE +8H|ELLT 7,073 9,472 7,746 0 0 0 24,291

gey| .

7| =4 E&5H| 11,997 16,067 13,139 0 0 0 41,204
i e ey 15,604 20,898 17,090 0 0 0 53,592
3) 7HH| 20,426 27,357 22,372 0 0 0 70,155
4) 2t A 228,438 320,676 265,908 0 0 0 815,022
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L 2A SRR
(ctgl - M8)
H Z 12t = 22 A ARA = 52 6RH & A
1) Q1 HH| /282 Qls| 199,073 409,498 194,119 165,120 459,446 278,640 | 1,705,896
A7 | AL LA H 0 0 0 0 0 0 0
A2
.. A|ZEE 2| ZHH| 0 150,000 250,000 0 150,000 300,000 850,000
2 2H] 94,684 194,767 92,328 78,535 218,524 132,528 811,367
2) 21ZH| OfH| 17,879 36,778 17,434 14,830 41,264 25,025 153,211
o2 £8HUALR 14,874 30,597 14,504 12,338 34,329 20,820 127,462
g3H| =
&3 B S| 23,744 48,842 23,153 19,694 54,800 33,234 203,469
o Lart 27,949 57,493 27,254 23,183 64,505 39,121 239,504
3) 7+tH| 47,740 98,202 46,552 39,597 110,180 66,821 409,091
4) 3 A 425,944 | 1,026,177 665,345 353,297 | 1,133,049 896,189 | 4,500,000
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(1) 2-1 AF-3A] 2= g4t

(ehel @ M)
e IAPHE | 2AWE | 3AWE | AAEE | SAEE | saE | # A

1) QIZ4H| /25 QI7H| 134,057 273,274 124,924 165,120 459,446 278,640 1,435,460
27| 2R LA | 0 0 0 0 0 0 0

o 2|
A2FE A 2HH| 0 0 0 0 150,000 300,000 450,000

A ZH|
Al = H| 63,761 129,976 59,417 78,535 218,524 132,528 682,741
2) 2| ZH| OfH| 12,040 24,543 11,220 14,830 41,264 25,025 128,922
oE +8H|Y s E 10,017 20,419 9,334 12,338 34,329 20,820 107,256

g5 .

7| e HerEH| 15,989 32,594 14,900 19,694 54,800 33,234 171,213
AL 18,821 38,367 17,539 23,183 64,505 39.121 201,536
3) 7| 32,148 65,534 29,958 39,597 110,180 66,821 344,238
4) g A 286,833 584,707 267,291 353,297 1,133,049 896,189 3,521,366
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(2) 2-2 AIF-IA Qe it

(ehel @ M)
H| = 12FEA & 2ZH & 3ZE AZPEA & 5RIHE & 6ZE & st Al

1) Q1 HH| Li/2| & Q1H| 65,016 136,224 69,196 0 0 0 270,436
7| RPRH L Al A 0 0 0 0 0 0 0

oA 7|
A|ZFE A 2HH| 0 150,000 250,000 0 0 0 400,000

2 2 H|
Al = H| 30,923 64,792 32,911 0 0 0 128,626
2) A¢H| OfH| 5,839 12,235 6,215 0 0 0 24,288
o E £ 8H|Urpm 4,858 10,178 5,170 0 0 0 20,207

g5 i

7| e 2| 7,755 16,248 8,253 0 0 0 32,256
AL 9,128 19,126 9,715 0 0 0 37,969
3) 7tdH| 15,591 32,668 16,594 0 0 0 64,853
4) g A 139,111 441,470 398,054 0 0 0 978,634
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C3AIE FREF
(48] : A2
Hl = 12 &= 22tAE 32tAE AZfA 52tA &= 62tA = g A
1) QIZiH| LH/2I & 21 7iH| 241,488 291,024 281,736 263,160 318,888 294,120 | 1,690,416
A L7 | RFRH L A|Ad ] 25,000 25,000 29,000 0 25,000 25,000 129,000
|

A2k A|ZFE 2| RHH| 95,000 195,000 95,000 325,000 180,000 100,000 990,000
2 2H| 7,543 9,090 8,800 8,220 9,960 9,187 52,800
2) A1H| Of H| 23,238 28,004 27,111 25,323 30,686 28,302 162,664
o2 28H|ULa 20,367 24,545 23,762 22,195 26,895 24,806 142,571

23| -
7| &% HarsH| 69,722 84,024 81,342 75,979 92,069 84,918 488,053
i N 36,223 43,654 42,260 39,474 47,833 44,118 253,562
3) 7tdH| 55,844 67,299 65,151 60,855 73,742 68,015 390,907
4) g A 574,425 767,640 654,162 820,206 805,074 678,466 | 4,299,973
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(1) 3-1 AIF-2A 2= o4t

(ehel @ M)
H = 12HE £ 2ZHA 3ZE AZPEA & 5RIHE & 6ZE & st A
1) Q1 HH| Li/2| & Q1H| 111,456 92,880 108,360 77,400 92,880 92,880 575,856
A7 | A2 2 A B 25,000 0 0 0 0 0 25,000
o 2|

A 2| A2EE A2t 95,000 0 95,000 0 100,000 100,000 390,000
Al = H| 3,481 2,901 3,385 2,418 2,901 2,901 17,987
2) A¢H| OfH| 10,725 8,938 10,427 7,448 8,938 8,938 55,413
o +8H|Y s E 9,400 7,834 9,139 6,528 7,834 7,834 48,568

g5 .
7| e 2| 32,179 26,816 31,285 22,347 26,816 26,816 166,260
AL 16,718 13,932 16,254 11,610 13,932 13,932 86,378
3) 7| 25,774 21,478 25,058 17,899 21,478 21,478 133,166
4) g A 329,734 174,779 298,909 145,649 274,779 274,779 1,498,628
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(2) 3-2 AF-IA 2= efit

(GHEESE)
H| = 12t = 22A 32 ARAE 52t 6RHE & A

1) Q1 HH| /2 &2 QlH| 130,032 198,144 173,376 77,400 77,400 77,400 733,752
7| AR A2 H] 0 25,000 29,000 0 0 0 54,000

A LH|
AZEE A 2| 0 195,000 0 245,000 0 0 440,000

ZHEI:H
2 2 H 4,062 6,189 5,415 2,418 2,418 2,418 22,919
2) ZI1ZH| OfH| 12,513 19,067 16,683 7,448 7,448 7,448 70,607
o £8HUALR 10,967 16,712 14,623 6,528 6,528 6,528 61,885

& -

7| &% B EH| 37,543 57,208 50,057 22,347 22,347 22,347 211,847
A4t 19,505 29,722 26,006 11,610 11,610 11,610 110,063
3) 7t H| 30,070 45,821 40,093 17,899 17,899 17,899 169,679
4) & A 244,690 592,861 355,254 390,649 145,649 145,649 | 1,874,752
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(3) 3-3 AlF-IA 2@ o4t

CEEEE)
H = 12 22t & 3zt & AZPA & 5 & S ER 3t 7
1) QUH] Li/2| & QIZH| 0 0 0 108,360 148,608 123,840 380,808
A7 | A2 2 A B 0 0 0 0 25,000 25,000 50,000
R
A|ZHE 2| 2HH| 0 0 0 80,000 80,000 0 160,000
A 2 H|
2 2 H] 0 0 0 3,385 4,642 3,868 11,895
2) ™| OfH| 0 0 0 10,427 14,300 11.917 36,644
o1 PR ISP ) 0 0 0 9139 12,534 10,445 32,118
2hEH| -
7|47 a3 EH| 0 0 0 31,285 42,906 35,755 109,946
AL 0 0 0 16,254 22,291 18,576 57,121
3) 7| 0 0 0 25,058 34,365 28,638 88,061
4) & A 0 0 0 283,909 384,646 258,038 926,593
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AR F SR ok
(et - M 9)
H = 1ZHEE | 22HEE | 3REE | 4AEE | BAEE | extdE 3 A
1) QUZH] L/ & QI H| 0 0 0 557,280 668,736 668,736 | 1,894,752
A7 | AP A LA A H 0 0 0 0 0 0 0
o 2|

Az A|ZHE 2| 2| 0 0 0| 1,500,000 | 2,000,000| 2,000,000 5,500,000
2 2 H] 0 0 0 96,742 193,484 193,484 483,711
2) ™| OfH| 0 0 0 44,582 53,499 53,499 151,580
oE +8HYrrm 0 0 0 33,437 40,124 40,124 113,685

s -
=g Eg-SH| 0 0 0 61,301 73,561 73,561 208,423
A4t 0 0 0 83,592 100,310 100,310 284,213
3) 7H4H| 0 0 0 237,693 312,971 312,971 863,636
4) & A 0 0 0| 2614628 | 3,442,686 | 3,442,686 | 9,500,000
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