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SUMMARY

Chapter 1 Introduction
[] Research Background and Objectives

o To achieve carbon neutrality, it is necessary to set a spatial range to measure and

manage GHG emissions and absorption

- In order to achieve the goal of carbon neutrality, the importance of not
only countries but also regions and cities is increasing. Currently, 136
countries, 116 regions, and 239 cities have declared carbon neutrality goals

- Since spaces show differences in GHG emission characteristics depending on
conditions such as population, industry, and natural environment, it is
necessary to design a path suitable for spatial characteristics in order to
effectively achieve the carbon-neutral goal

- In particular, as the spatial boundary of administrative district units, local
governments play an important role as the main body of GHG management

o Lack of spatial-level carbon neutrality analysis tools

- Absence of a program that provides information such as evaluating the contribution
of the introduction of combination of climate technologies to achieving carbon
neutrality in various spatial units or deriving a technology path in consideration of
technological development

- The national energy model has limitations in terms of operation of the energy
system at the regional and city level, and the project unit model focuses on
economic evaluation, and the life cycle analysis at the technology and system
level is insufficient

- In the case of foreign software, it does not reflect S.Korea’s weather conditions,
energy supply/demand status, etc., and because it uses TIER 1 emission factor
provided by the IPCC guidelines, it is insufficient to reflect the domestic
reality

= Xii -



Summary I

o This study aims to establish a system for evaluating technology applicability for
each unit of space and establishing a technology introduction strategy for each
space for the realization of national carbon neutrality through spatial model
development of carbon-neutral technology application scenarios

- Carbon-neutral Assessment based on Technology Application Scenario (CATAS)

is developed by dividing into “CATAS-BASIC’ and ‘CATAS-PRO’ considering

user purposes

‘CATAS-BASIC’ will be developed so that the general public or those in charge
of local government’s GHG reduction policies can establish carbon-neutral
policies and asess their implementation

‘CATAS-PRO’ was developed for the purpose of carbon neutrality R&D planning,
inspection, and performance evaluation, and will be upgraded to a level that
carbon neutrality technical experts can adopt

[ 1 Research Contents and Structure

o Development of carbon neutrality evaluation methodology and establishment
of CATAS-BASIC alpha version

- In the current year, carbon neutrality evaluation methodology was established
for 9 energy transition technologies (1 solar power, @ wind power, & bio
energy, @ hydraulic power, & marine energy (tidal power, wave power,
tidal current), ® hydrogen fuel for batteries, (@ solar heat, geothermal
heat, (@ hydrothermal) and {0 forest sinks

- Alpha version of CATAS-BASIC consists of (O spatial selection, @ spatial
information, @ technology selection, @ GHG emission, & economic
analysis, and ® report

o0 Research process and structure

- In the first year, the alpha version was developed through basic data
collection, carbon neutrality module development for each technology,
screen composition planning, and model trial application research

- Establishment of a network with local governments and domestic
industry-academia-research experts by forming the ’'CATAS Technical
Advisory Group’ to improve the program utilization from model development-
verification-utilization, and conduct continuous discussions

- Xxiii -
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Chapter 2 Domestic and International Environmental Analysis

[ ] Domestic and International Carbon Neutrality Strategy Establishment

o Local governments in S.Korea started establishing carbon-neutral implementation
plans upon the declaration ceremony of 2050 Carbon-neutral Local Government
Implementation Solidarity held at the P4AG Seoul Green Future Summit

- (Seoul) As the first case in Korea, Seoul has established 7 GHG reduction
strategies with a goal of achieving carbon neutrality by 2050, and submitted
an action plan to C40 Urban Climate Leadership Group

- (Busan) With the vision of ‘Becmoing a carbon-neutral, global climate leadership
city’ , Busan has proposed to reduce GHG emissions by 47% compared to 2018 by
2030, and prepared 10+1 strategies in three areas to achieve carbon neutrality by
2050

- (Chung-Nam) Presented 4 strategies to reduce GHG emissions by 50% by
2035 compared to 2018 and to achieve carbon neutrality in 2045, in a draft
of ‘Chungcheongnam-do 2045 Carbon Neutral Green Growth Basic Plan’

- (JeJu) Presented the ‘2050 Carbon Neutral Climate Change Response Plan’
and established 4 goals and 7 strategies for each sector with the goal of
becoming a leading carbon-neutral city

o Local governments’ GHG emissions are calculated according to the national
GHG inventory preparation guidelines

- The national GHG inventory was prepared in accordance with Article 45 of the
[ Framework Act on Low Carbon and Green Growthl] , and after the approval
of the National GHG Statistical Management Committee, annual GHG emissions
have been calculated and published

- Calculation of regional GHG emissions is based on regional activity data (fuel
consumption, electricity consumption, production of goods, forest area, etc.)
and is calculated by applying the [National Greenhouse Gas Statistical
Calculation, Reporting and Verification Guidelines |

[] International Regional-Unit Carbon Neutrality Strategies

o UN Climate Action Summit 2019 with the goal of promoting participation from
countries around the world

- UN encouraged governments to actively participate in achieving the Paris

- Xiv —



Summary I

Agreement goals and responding to climate change through the Climate Action
Summit and the establishment of Climate Ambition Alliance: Net Zero 2050

- A total of 241 cities have declared carbon neutrality goal at the global
regional level while the number of members of the metropolitan climate
leadership group C40 is 96 as of the present, and Seoul has maintained its
membership since joining in 2006

o Overseas regional unit GHG emission inventory is established according to
international standards

- Global spatial unit GHG inventory is measured and reported according to the
international standard GHG protocol for consistency and transparency
- The three authentication methods of the protocol consist of ‘Review by the GHG
Protocol’ , “Built on GHG Protocol” , and “Joint development by the GHG Protocol’
o0 Major foreign countries provide the current status of carbon emissions by
space in forms of GHG emissions map

- (USA) Provides spatial information on GHG emissions from major sources of
emission by region through the GHG Reporting Program of the
Environmental Protection Agency, with visualization of GHG emission
information of large-scale emission facilities through a web-based system,
Facility Level Information on Green House Gases Tool (FLIGHT)

- (UK) The Corporate Energy Industry Strategy Department provides territorial
emissions based on energy suppliers and users by mapping the estimated
statistical data of regional-level GHG emissions

[] International Carbon Neutrality-Relevant Web Program

o0 Major overseas countries are developing and using programs to analyze spatial unit
GHG emissions

- (UK) The Place-Based Carbon Calculator (PBCC) produced by the Center for
Research into Energy Demand Solutions calculates and provides carbon
emissions by a small statistical area(LSOA, lower super output area with an
average population of about 1,500 people) in the form of web mapping

- (Japan) The Japanese government developed a spatial analysis tool called CO,
Reduction Effect Simulation Tool (CREST) that can comprehensively diagnose
and evaluate the carbon reduction effect of urban structure and
transportation policy implementation

T
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- (USA) The Household and Business Calculator, developed by Cool Climate
Network, is a carbon footprint calculation tool that calculates the GHG
emissions from transportation, energy, food, goods and services purchased by
households and businesses

o Feasibility and environmental analysis of spaces for carbon-neutral technology

application with energy system analysis programs

- (S.Korea) The carbon-neutral simulator provided by EG-TIPS (Energy GHG
Technology Information Platform Service), the energy saving information
portal of the Korea Energy Agency, provides information on sectoral energy
demand and GHG emissions projection scenarios for 2050

- (Canada) Developed by Natural Resources Canada, RETScreen aims to
analyze the technical and financial viability of renewable energy, energy
efficiency and cogeneration projects, including solar power, solar heat, wind
power, marine energy, etc

- (USA) Developed by the National Renewable Energy Laboratory (NREL),
HOMER focuses on grid design optimization and provides simulation,
optimization, sensitivity analysis and economic analysis regarding hydrogen,
energy storage, natural gas, etc

- (Germany) The District Energy Concept Adviser (DECA) of the German
Federal Ministry for Economy and Technology and the Energy Atlas NRW of
the state government of North Rhine-Westphalia in western Germany (NRW)
provide information on energy supply and conversion to support energy
strategy establishment

Chapter 3 Model Scope and Methodology
[] Scope of Model Development

o0 (GHG Emission Source Scope) Analysis performed on direct emissions in the first
year(current year)

- The national GHG emission report submitted to the UN covers only direct
emissions, and the regional GHG emission statistics provided by the
Greenhouse Gas Information Center (GIR) only consider direct emissions

- Analysis is focused on direct emissions in the first year(current year), and
the second year will include indirect emissions
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o (Spatial Scope) Boundary between direct and indirect emissions is set with a

spatial range

- Physical and regional space that requires establishment of a carbon-neutral

strategy is defined as

“space” and the space where zones/boundaries for

GHG emission sources are separated is set as the spatial scope of the

current study

- Since GHG emission statistics, which are the basic data for carbon neutrality

analysis, are currently provided at the regional level, the analysis was

performed on 17 regional municipalities in the current year

o (Technical Scope) 9 technologies in the energy transition sector and forest
sinks were set as the technical scope

- Among the 10 fields including transition, industry, building, and transportation and
etc, the transition sector, with the largest GHG emissions, and forest sink were

set as the analysis targets for the current year
- Through the review of [Climate Technology Classification System] , [Act
on Promotion of Development, Use, and Dissemination of New Energy and

Renewable Energy |

and [Carbon-neutral Key Technologies (draft)], @O

solar power, @ wind power, @ bio energy, @ hydropower, & marine

energy (tidal current, tidal power, wave power), ® hydrogen fuel cell, @
solar heat, geothermal, @ hydrothermal and @ forest sinks are included

in the technical scope

<Table> Research Scope of CATAS-BASIC(1st yr)

GHG Emission Scope

Spatial Scope

Technical Scope

Direct Emissions

boundary between direct and

indirect emissions
*Verification using data from
17 local governments

10 Energy Transition
Technologies
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[] Development of Carbon Neutrality Assessment Methodology and Scenario Study

o Establishment of carbon neutrality rate evaluation methodology in 4 steps

- (DGHG emission analysis) Establish activity data for each local government
through cooperation with GIR, and analyze GHG emissions status in 2018 for
local government and energy source to diagnose the current local
government’ s carbon neutrality rate

- (@Energy production forecast according to technology application) Collect and
process monthly weather information for each local government, and build a
KS certified product technical information database to establish a
methodology for calculating energy production through linking climate
information and technical information

- (@Calculation of GHG Reduction) Estimation of GHG reduction followed by
technology application by analyzing the effect of replacing existing fossil
fuels with the technologies and GHG emission analysis based on Life Cycle
Assessment (LCA)

- (@Calculation of the carbon neutrality rate) Deriving the carbon neutrality
rate by looking at the ratio of reductions from GHG emissions in 2018, due
to the technology application

<Table> Data Construction of Carbon Neutrality Estimation Process

e ®@Energy production . @Calculation of the
®G|-£a|er:i'sss'°n forecast according to g_?glc;gh%?i oorf carbon neutrality
y technology application rate
L ® Amount of CO»
GHG Direct)=
ti\j;lsgzg( recd —» | @Climate Data —» | ®GHG reduction —| Reduction with
N . echology Data ollowed by arbon Neutra
X (BEmission/ fion (®Techol D foll db Carbon N |
facior P (DEnergy Production technology Tech/ CO»
X Global Warming Potentia Calculation application Emissions in 2018

| | Data Accumulation | |

(dNational Institute of

Statistics of 17 local
® Meteorological Science,

governments in

. National Maritime Ener roduction .
electricity/thermal . lgy P 17 metropolitan
sector Research Institute, etc. statistics by local governments’ GHG
(eKS certified product overnment, LCA
2021 National b dovernmen, emissions in 2018
(EMarket Potential by emission factor

Approved Emission

Energy Source from
Factor ¥

Korea Energy Agency
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o Review on carbon neutrality scenario evaluation research and future research

- A review of domestic and foreign studies that conducted various scenario
construction and evaluation to achieve carbon neutrality and analysis of
areas where new and renewable energy can be introduced

- Review of spatial information related to renewable energy resources that can
be used for scenario analysis (Energy Technology Research Institute,
Meteorological Administration, Ministry of Environment, etc.)

- Plans to propose an optimal technology path by reflecting the maximization
of electricity production using new and renewable energy and minimization
of costs and GHG emissions through future scenario analysis

[] Web-Based Program Development

o Construction of a detailed process for developing a web-based carbon
neutrality evaluation program
- The development methodology consists of six core processes including requirements,
analysis/design, implementation, testing, implementation, and business modeling
- Consideration of standardization factors for quality assurance, communication
function improvement and maintenance for continuous function and data
exchange between the established and existing systems

o The system configuration of the program consists of database, web server, and
user interface

- Representation of the carbon neutrality rate for each spatial unit in the program
through collection of emission data, DB construction, calculation of the carbon
neutrality rate, and display it based on GIS along with regional information for
each local government

- Development of energy generation calculation simulation module based on
technical specifications, technical details, and meteorological factor database
for 12 climate technologies per spatial unit

o Security and Data Requirements

- Establishment of administrative security, technical security, and physical security
management system to comply with security requirements for system
establishment and development related information

- Design a DB considering future scalability by applying data governance and standards, and
rearrange internal data through data reengineering (data standardization and structuring)

- Xix —



I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

Chapter 4 Model Case Study
[] Results of Model Trial Application in Seoul City

o0 Analysis of Seoul’ s Carbon Neutrality Policy Goals

- Seoul Metropolitan Government (2021) announced 74 tasks in the 5 categories of (D
Green Building, @ Green Mobility, (3 Green Forest, @ Green Energy, and & Green
Cyde as a part of ‘2050 GHG Reduction Plan’

- In the field of energy transition, establishment of plan for expansion of solar
and fuel cell facilities, discovery and use of new and renewable energy such
as small hydro and hydrothermal, and construction of Seoul Energy
Information Center

<Table> Major Policies by Sector in Seoul's 2050 GHG Reduction Plan

Sector Key Policies

@® Expansion of
solar - Expand solar power facilities to 500MW by 2022 and 5GW by 2050
photovoltaic
® Expansion
of fuel cell - Expand the supply of fuel cell facilities to 3000MW by 2022 and 1GW by 2050
supply

(@Discovering - Installation of small hydroelectric power plant2.5MW) in Jamsil barrage
and using

- Expand the supply of cooling and heating by installing new hydrothermal

rZﬁ\ngrt])(lje faciliies such as Han River Flood Control Center(350kW), Gangnam Samsung
energy Hospital(40MW), Yeongdong-daero Complex Transfer Center(14MW)
@ Establishment | - Energy data integrated management and energy efficiency platform
OIfEnse?;;Jl establishment for Magok region in 2021
Information - Establishment of energy informtaion center through platform expansion
Center throughout Seoul from 2022

#Source: 2050 Greenhouse Gas Reduction Promotion Plan (2021.5.4.)

o Diagnosis of contribution of Seoul’ s carbon neutrality policy goals to carbon
neutrality rate using CATAS alpha version

- Evaluation of contribution to GHG reduction and carbon neutrality rate by
reflecting the plan to install and expand new power generation facilities
using the Alpha version of CATAS developed in the current year

- In the case of solar power, it is impossible to reflect the supply target
(500MW by 2022, 5GW by 2050) considering the current market potential,
and it is possible to produce up to 43.38GWh of electricity

- In the case of hydrogen fuel cells, when the supply target (3000MW by 2022,
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1GW by 2050) is achieved, production forecast results suggest about
2,417GWh (about 5.06% of Seoul’ s electricity consumption) in 2022,
8,760GWh of electricity in 2050(about 18.32% of entire consumption)

- When the plan to expand the supply of hydrothermal facilities is achieved,
577,150,068MJ of heating/cooling energy per year(Approximately 4.15% of
household and commercial thermal energy consumption (332,000toe) in Seoul)
production is forecasted

- In the case of the small hydropower target, it is difficult to directly reflect
and evaluate the theoretical power generation amount using the precipitation,
fall, and watershed area for each local government and thus improvement is
required with further sophistication

- As a result of applying solar power, hydrogen fuel cell, and hydrothermal heat,
out of 1.49 million tCO.eq of emissions from the transition sector in Seoul,
0.43 million tCO.eq was reduced with the introduction of technology, and the
carbon neutrality rate in the transition sector was analyzed to be 28.94%

- As a result of economic analysis, the LCOE of solar power is calculated to
be 142 won/kWh (assuming a lifespan of 30 years) and 431 won/kWh for a
hydrogen fuel cell (assuming a lifespan of 10 years)

[Figure] Result of CATAS Case Study on Seoul’s Carbon Neutrality Plan
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[1 CATAS-Alpha Ver. Test Survey Analysis

o CATAS alpha version test with industry-university-research experts to diagnose
the program development status and draw future tasks

- A total of 45 experts responded to questionnaire items such as program
satisfaction, usefulness, convenience, and appropriateness of energy
production calculation formula for each technology in CATAS alpha version

- High level of overall satisfaction with the program and positive evaluation
that it is a useful program for carbon neutrality

- Additional opinions suggest that it is necessary to simplify the program to be
used for the general public. In order to support the establishment of carbon
neutrality plans of local governments, changes in the user interface and
technology selection method are necessary through reflecting opinions of
actual users

- It is expected that the program will be upgraded in the future through
continuous cooperation with the technical advisory group obtained through
the survey

Chapter 5 Conclusion and future plan
[0 Conclusion

o This study was conducted to evaluate the applicability of technology to realize
national carbon neutrality and to establish a step-by-step technology introduction
strategy through Carbon-neutral Assessment based on Technology Application
Scenario(CATAS)

- It includes the function to investigate the current status of greenhouse gas
emissions in space and to analyze the actual greenhouse gas reduction when
various carbon-neutral technologies are applied

- The input data of the model are activity data, emission coefficient, climate
information, technical information, and cost, and the results are greenhouse
gas reduction and economic analysis based on the prediction of alternative
energy power and heat production

- It will be developed by dividing it into ‘CATAS-BASIC’ and ‘CATAS-PRO’
according to the purpose of use by consumers, and for three years from
this year

- XXil —
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- ‘CATAS-BASIC” will be developed for the general public and local
government greenhouse gas reduction managers

o The CATAS-BASIC alpha version was used to diagnose the greenhouse gas
reduction plan in Seoul, and a survey of 45 industry, academia, and research
experts was conducted on the alpha version test

o It is expected to be used as a two-way point to support carbon-neutral
decision-making through the development of CATAS-BASIC

[0 Future plan

o (Indirect Emissions Analysis) Diversify analysis information by comparing and
analyzing indirect Emissions such as electricity and heat as well as greenhouse
gases directly emitted in the space

o (Advanced Energy Calculation) This year, the draft calculation formula developed
by each technology is advanced and specified to enhance the reliability of the
energy production prediction analysis results

o (Expansion of technology in the transportation sector) Analysis of greenhouse
gas reduction in the road part due to the supply of electric vehicles, hydrogen
cars, etc., as well as technology in the railway, aviation, and shipping sectors

o (Enhancing the usefulness and convenience of the program) All analysis processes
from the current status of greenhouse gas emissions to the calculation of
greenhouse gas emissions to carbon neutrality are analyzed on one screen,
and the screen composition is modified and supplemented in a way that
specific analysis results are displayed on the next screen in infographic format

= xXiii —
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of ti7] T F7HQ =247k Ve v AS Yujgith ol wet viEHY S-S
7 Helel HdAo] g HTE FIHSpace)o]l AMHZAH AHole oW EF Es=

7 EAE & dAY oE do] dojd F e AAE St XY AAe
& =7k =7E EAI9E wolE, =Tkt AAA FoE b Ad A A
, 3Xte] &8 FF Fol| "t gfsiA FEE 7 Atk 28 7133 KUnited
Nations Framework Convention on Climate Change, UNFCCC) }2]A(Paris Agreement)o] wh&
27k ZE oFet e Agede ‘sl de 3K AAlCA 247t wiEEE

BFsid ZEE £ A0 ¥ 5 Aok

=i
=

O O T =
o 4T 24 ol

1) &X{: IPCC(2018), “Special Report on Global Warming of 1.5C”
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Ty 129} Zo] 247k wiEde 3t A WiRelM 27k wiEE wie AAEE,
ARARJ] 27k wiEe jley A7), € 59 AHE fEe 27k diles hiER
golgtt. UNFCCC FAR= IPCC 7lel=ziRlell we} 247k wiasel tieh =7Pd SARYIXE
A ofFE 7KL 9lem, ool mt A 4 IriEd 247k AREiEded tig SANE
ksl ofdll tidk 27k ASExE sk St
< AT AL AR S ool wEl 2A7EE HlE AN B2 ARlE UEhE=
H SXE o r A HsiAe 33 540 AR A= AV Basit AdE
S0 =A QAFE 20309 60.4%, 2050 66%271A] SUFE AoR dEFEHEE TA] FZiolA
HEsHs 27keE 253 Alojske Zlo] BTy S 240 delgta & & Utk 53,
EA19 o|AIange] Azt FRE 2Tk el 2Rk vl T0%olH, E=AlCA
Sy AR St 2000970 0% 2dA7ks wijEEe] EojEs ZoE ASHP.
e} TR 7o) SFPARRIAREEA], 4k T I - 335 - T - 2ARgA)ol) Q19| 43%7F Aol flem,
TaEE HIAUAZE =7F AAle] 31%s AAZH. Fpele =AY AT STl wEt
AT2dstel] H B2 gdFe v Zlor ddsug, 15HQ0 27k wijE AE)7h 2 asi.

FATS G IXF BARA AARGA(]E AAADE 247 BHYE AT
1l ol & & At AXAE ZE FEL dFEE TYeE k9

o

EE£S

AT - 5% AT 59 BAT AHES AL Uk g JE 2Y AT 959
HAEY AW FAPARTE AGA 2aE BaFY 4% SRS Agsa, olgAge
SRS Aol ARAY 5 ok 20229 TR ARE [BEFY - S44% 7Rl
HAFP/IEN] oA BAFY BE DAL 9% AN 98¢ Zxshn Qom, @F
A @ A% B z o
SEERE

2) &X]: UN-Habitat(2020), “World Cities Report 2020: The Value of Sustainable Urbanization”

3) &X: IEA(2021), IEA(2021), Empowering "Smart Cities” toward net zero emissions, 2022.05.23. &, https://www.iea.
org/news/empowering—smart—cities—toward—net-zero—emissions

4) Xt BBO201), How atties are going cabon neural, 2002.06.23. T hittps:/ ww.doc. comyfuture/artidle/20211115-how-aties-are-going-carbon-neuiral
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12. 3799 d4FH B4 =79 24
AANZA BHATH AFR HES T F e 3 2 da2FYH B =7
FASE A HHoz Jdd =4ES uEe 2y, gt IS4 A
713712 wE gAFH J|9dEE HUtekAY, 71ed ERHE aYetd AERE
EE3te 59 AERE AFste Z2IHWLS FAh
A E S0, 7l &9 ouA BREL gAFTH G4ES A AAE @A Aerr|s
7% EAo]l IhsetANl, A, EA] w9 oA Al=EIe] <F(operation)ol] Tt
ndgo] BFEsY JE BAS A% AY EPoEE SAE AY Atk A A
zZHAE B xZ773 HOMER, RETScreen, EnergyPRO T ZZAE Toi dF
Aeta 7leo AAE @7 FAlolH, =3 Ve 2 Al2E S9oA A Hrp B4
EZEsith =3 gAY #HE Jee 'Y, 8 59 A @ 3" EAE
a3 AR TIeke] B3 oluA] AJ2El FAo] FastH ol ik re4dd
7F5A(technical feasibility) H717F 283tk Ao A 718k B3 oufx] A|2ElL 3659
AANZZE Wetke 71484 met AgALl, AEA, F4AuS 4 39 58 RFoE
gl st oo tig Wri= AA AA olde] AHA AdAE s E ook it
stAEE, &) AZEdoE vty 73EE, dUAFTTE - F8AY 5 HYEHA
£3lar, IPCC 7kol=&kloll A Al&3dl= TIER 1 HiESAIFHE AFES17] wj &) = AAutgo]
ngstth = §A 1A 7SR R-247F AEEE-FHE JMesIE-AAA S
TEAHOZ 3% HASH V& 2o gk ARE AFSHA Estan U
<E 1-1> IUe BT HEZ2IY dH|unEN
2E 24 29|
z2Uy EG-TIPS RETScreen HOMER DECA E-Atlas NRW
; Ltk 0| = Soloty B
74 2HA st L X| 2t 3
I =0 HAXI £ NREL BEIS NRW F& &£
ST TR, SR} | IR, S AL EAl HERE EAl AR XA
FAE R M2t o1 2l o1 21, MWL 2| x| Ms Bk
719 5 LIRS A LA XA A™ X} A QoK S
3745 o o =
4 o =7t He AlAaEI(Oz] E) HeE = (State)
A e | E=d e ot ehorareferd | oo
sjga | O OfW AMEE T IARHE, ML g yxm S ool =,
Js W ez | s 823 . V| motaba ad 28, ey
B 2| - = ’ y MATIA A HATIA M7 i ’
= Mgk g & | =R, el S a f 2l
: iRl = Hto| 2
HMAE | el oe 2
ZHA 24 X 0 0 X X
smmm | CIUIR ga oio1
L HfEAH+ M o
- (174cHA) - of ZAlR2EFD}
eEA R - 7= doty A Off L4 X| 4 AbEF Azt B Ed
e % 0| L x| = ool HEATE | o L waor | e oy st
—v— S Todd = [= e I = o [l = o
= TN = R ALE B
i & 2 i i X o) & 2
5) EYMYSE(TIER)E ZEXIE, HEHS Msle, MEg 2 SAIA BE S =FNS LEe $F224 TERIE
IPCC 710|=2flol A HAlsHE BiEAI4 TIER2E 2718iEA%, TIERSE AIYEHISH 42 o|o|sict
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2. ATEE
£ 128 BazdrleAdee RRCATASS Aas Yepin A & A79 A%
BRE FUUS BAFY J1EAE At 23 4Ee Sokel b BaFY AAL
AT B JlE AH B L WA JEEY AYFY AA TE vk BaFY

71 U8l 2 =¥ (Carbon-neutral Assessment based on Technology Application Scenario,
o]} CATAS)2 AL&52-& 1dste] ‘CATAS-BASIC’ 3 ‘CATAS-PRO’ 2 FEEF o 7jaE
|

o Aotk  ‘CATAS-BASIC’ & gut=wl w= AXA 4712 724 A #y gdaSol
gaesd A Y 2 olgHAL  BolgkA T £ UAES A=
o Aolr], ‘CATAS-PRO’ &= ®4Z% R&D 718 - d7 - 47g7te] 2oz s]uso]
BATd VEdETEC] 88T I e FFoE 15T o Ao
<E 1-2> CATAS-BASIC 2! CATAS-PRO %}0|
c ——
NIAS
srAsg %
s HE
Questions Questions
? Lt = LW AH= 22101 BHEGHs 2AIAE ? ERASE SN MOl M2 2AIA 25T W=
? BHASH )& 20| YSN 7 LITHHEOHD QU J180l $5 SEECI} A 2t
? EAE JIEQ HE01H 2AIJA Zi=2 A0HEL ? 0IH 220 9171, A, MILXI 22 S HSHS M
'?E&EE JIE2 0261 HIS2 0Lt HLED; X3t JIsXE2 HEA 2N
? EHASE SYSH S4S Yl QM2
= k=1l 1 | [.&d 2. A =t
= ElAEE 2. dH4d-d1 gEX
TRA (= X|XIH ElAFTE HA g 3 24ATIA ;skz b'jli&xa)mjlf.: = P
HH%%} EFE'—l EI:-I’-,:O’-XI' % (Ll =T S
THEA|Z] 22724 A(34) 25728H (44)
= Webform (&7|th » WinForm (ZE203 CI22E)
S El - Hh3E @Rkl - 2 2ol Ho|EE WE AlZE LY
(PC, 20lEZE Ef=8 PC & 71s) Xelstoy 2Me = JAEE e
 2AITIA U EEF = BASIC =3
» EIAFE U= el EZ| » Tl 2o S0 WE 2ATA
HE = BIAZE 7|8 M2 2471~ UASES ek vt B4
HME |= E2FE U= HE BN = Z7Ho| ol A ol X5,
l=H 5o o2 F M5 J|=xT
= (DATA 2H) R&D S4l, T===Al &




Moo e |

A AdEE =233 CATAS-BASIColw  Adr|zbe 22~24d  3dito|th

= duAdE Zle AL3 dauRe MRS Aot 2apdEoE oluA Eok
40 e AHAES FHsly] 9t AN e A=setal, JEHAE FEFETHA
goiste] WA E DEIHFHIHI-Y). vAIHo R RdEE 7EFH A5 Al e
e 71 3 VledsdE B Fdiste] z2Ia9S Iiske FEE Ao CATAS

(28 1-3] e2FE 7[sAH22 2 (CATAS)-BASIC HAtE S x

(21XHEE ME=SH (22K HE=SH N (293XET HE=SH

HIHXIEE J|ISE LA XI 20k = }JL;'!,:L
Hae®  adsbemn  osescmm
2MHHE[Alpha Version] HIEHH X [Beta Version] o=z @
01 bE sl = 2l nE =

\ ATEQ0]* j \ /

« Z£X: Cambridge University Press (2023)6)

6) Cambridge University Press. (2023). Alpha version. In Cambridge dictionary. January, 31, 2023, <. https://dictionar
y.cambridge.org/dictionary/english/
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8) EXI BAER(2020), ELEE! X/BEIEIf RO 2022.10.30. TS, http://me.go.kr/home/welo/board/read. do?pagerOffset=08maxPageltems
=108maxIndexPages=108&searchKey=8searchValue=&menuld=286&orgCa~&board d=13833008&boardViasterld=1 &boardCategoryld=39&decorator=
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Ao 2 AR G 2)Td A4S A=t g4 AEA 75, I71TEEd 35
2 BAaSH A AE, 318 FA SdE A% oldrIwt ARE WAIRTHY, =3
2045 GaTy AAAGANA 7 A= AR FIAYS HAHEA, HAHT HdkHAS
5 A FAEE A= MusieEdbd 274, AR T4 oA 9,
=R 3 2 AAE dUA dE A9t e 7IREe R 3 FadUA] UEQ A 75 Tl
At HT Al AEGHYREDols 1Y AEA 24, Avs 2 #7ls A9
g, FAG= AP ©@AEF - &8 - A% (Carbon Capture, Unilization and Storage,
CCUS) mzyzx rd gl Faikg] A 75, J8i 9235483 Sa71499 4%
A LA g o]

2.4. 2050 #&FH 2% AFFEAANE 71583 o5 AFRD (22.D1

AFAE 20229 1€ g 2050 BrIAgLERGE I AA St AFEEAA =
7|5 Ardge sHsider, olE fs) FEE 2dvts A5 ABe sHes
Al 713 Aes AT T A"e s £ (2050 A daTH A%
A3’ S F o g L= BATH ARIRY oy 9 MR F3e
sl AA T2 U, daTH Afe] WXy AS55xE AAsta 718 AF 2 AxE
A AlAZS] F3 HH Se oldeAl Hrh2050d AFAY o4 247t F
HlEdS oF 1,086%F = COeq(2018d wi®l 1.87¥) F7hE H"WHI Jdow T
AZRhHE 228 gy g2y =4 AT ‘e Bl ok T B2 A A,
A, FE AdE wETA, dVlE, gaged) A 327Me SHAAR FAHEHA
JTHO, zp Rl A2 DAAFNUA Bg o) 2 874 24, 2) AouAg 2 188
A YA =, 3 wErs 3 32 FEeia de, 4 deEduA 5s FE OH
AR Hg 3 5l A AA =, 6) WY Al=Z3 3

FEHHT 2045 EMEE SMME 7|2H E(Z0h),

14) X SHYE(2022), 2045 EIZE SMEE T[22 =9 2022.11.01. FZ, http://www.chungnam.go.kr:8100/cnn
et/board.do?mnu_url=/integeratedBoardView.do&board_seg=405696&field03=in&cdate=20220530&mnu_cd=CNNMENUO02
362&searchCnd=0&srtdate=20180101 &enddate=20220628&pageNo=16&pageGNo=1&showSplitNo=10&code=600

15) EX: MFEEXIX|E(2022), 2050 EAZEES 28 MFEHEXRE 7|FHENS A= (2,

16) &4 SHEAYATR(2022), "MFEHXX o EtAFE 7 8 L &= AHH,
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A2 & el ey |

3. AAA 247t~ W& A

247k M EY s [Ags B A4S=e Al w2 E e
=7F 247k FAEE 93] o9 olF wid 24V wWilEeEe A 2 st o
Id-2-13 Zol =7F 247ks <) 1A= =7F 247k A A4 3 IS
A Eop- FEE HEFe A - ASstke #RTVIRY #RVIEE SAE
A - AS - FHEIE FTEVBOE o] R0l AAR FAEH Y 2ATIETIH EAE
(Greenhouse Gas Inventory and Research Center, ©]3t GR)& =7} 247t FRARAAAE
T - dYste Z”ﬂ = ®\eetH, ®a SA49% V|2 AgEe] wmep Fopd
WHE7H2 A Foke] FEARE S 24AVIE JMIEZE At 247~
FFARAE ] AZET, GRS Hopd WZ5AE HAdstel AZs =
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YAt SEETY
sz LHEX T v
CHIESTE
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GR2 =7b-A9 W&y It A=
GILREEY "17§X]i”7)J % Hlzstom, A9
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StR 37l flske] 2022 Al - & 24712~
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T REE eAsts WEY ARS % BEARE AFHOEA FYB A
AYAEAAR} FFo2A A AN RUARE FFF 45 4SS B AuE
53 9 mgsE AL Fal wEolAs frh £® BEARe] AAd HHHL Huss
Aol Fasht, BA AR A% gol FARAL Frh AF FAT AN U
ASoE WA EE o5 RGY) & BEshel BEAT FushA Ao
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ZHl g 247t~ W& AP 57 24712 §A4 A - 1 - AS AR &
=835tH, FAAQ] 24712 HjEF APNHS dEdEE Folshy ZEAHQ] WHoEE
G559} wWlEAS, AF2dst Ao Fo2 Mgt EFAE = AUAE AMSEHE 98
AR, Y AR AIE A, A BF, HlE AR H2E S Sold, 17 34
A, #E ¥3 A5, E3AYA - viEEANA ARG TA, BAA IIAE T O
FHZ FHEAHE2-3). T3 o7 & A0 &85 HEAs € aHTE F83+
2A7L WlEFS APFEhY, XF2dsl X|4= [IPCC A2z H7FRIA(IPCC, 1995) ] ol A]
AAIS FEE wrgsth 247t wiEF AP Hele T7F HlEH A FYd Fop
HMEFs F7F 5 671 EoHouA], 434, 5¢, AESrd, #371E, M=ol
et M= A Y%k 71 1996 IPCC GL 7|Htoe g AFgsigjon), I3 HEe
[PCC GPG 2000, IPCC GPG-AFHa&4=¥ 2003, 2006 IPCC GL &S A 83139

<E 2-3> SAITIA & AU
SAMIIA &2k ESA=E HY & A = x| 2 Sk X] 5
Emission) (Activity Data) (Emission Factor) (GWP)
 ABAEE AR W EA S - COp ¢ 1
NF/ZE sz |- | MU < | EdEEE % |* CHs =21
o iy - Akl S E s H & A S - NoO : 310
- CO, BHib i &2 iy ot . SLAL [ 2 .
_ POVEIDN - HIE AlH|H - Biomass =HZ&HAH 4= - HFCs : 140-11,700
6t 27t - my|2 ofEla o ERE A A 5 - PFCs : 6,500-9,200
- SFs 23,900

¥EXM: 2AIIAZHE 2 M E(2021)
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A2 A =9 A9y dLaFH ATy WY

1 A4 B23Q 4 4%
11 UN 71395484399} 7| 524 FATY
7. AFAE Baks o)1

FH% 443 J(UN
& A AA 2o

)
o
A AR, AR, 7199l

e
l-l (

o4 SR FoAE FIN7=
71593 des s &
drEY. dd A= D ==2E

A SdolvA], 4) 71FEol Aol AA FAHe] 28, 5 IAFFHAY Sle ", 6)
TAEA =, ) AZEY VRS, 8) duA mEA SXe B 24Ut WiEHS 9)
71548, 100 A=, 1D AHE S48 719 3E 1Elal 12) 4734 o v,

U, A FER a0

COP259] o|=<l He= 7|FdT AE3delN dagde =75 714, =L =4,
Ay Tor FAHdE VIFEE FY
Adstar 202080 skt sid sl thdt =7k=2 o= UNFCCCet UNDPe] A<
ofef delel = FHUF FEITE AW W olF A= ARTE | EACd W' 7] E
Aekete A ol Tl AW tdd It FAE & @Ak FAl Ent
EgHela IEHU= T = = 7 X2 RT V¥ ER
FEFAel ¥ B2 w7k 3 4 o 20201 6€%-E] Race to Zero A<l
AZetier, Race to Zero Aol st Aoz ZFERFAWE THiEH=
TEoIt) 2021 108 712 =7 12070, =4 - A 47478 5 2,289702) 71538) A7 1ol
oS E2-4).

<3 2-4> UN 7|==matatdd ol ZIHAL

(2021 10" 19 7|=F)

TE =7t ZAl/R IS ng7| 7l =878 A
7t 120 474 549 1,101 45 2,289

¥ &X: Climate Initiatives Platform(2021)

18) &4 UN Qimate Action(2019), 2079 Qlimate Action Surrmit. 2022.11. 01. T, hitps://wwwv.un.org/en/dimatechange/2019-dimate-action-surmmit

19) &X]: UN Climate Action(2019), “Report of the Secretary-General on the 2019 Climate Action Summit the Way Forward in 2020”

20) &X: UNEP Climate Initiatives Platform(2021), Climate Ambition Alliance, 2022. 05.19. T,
https://climateinitiativesplatform.org/index.php/Climate_Ambition_Alliance: _Net_Zero_2050
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AlLEle 2 o7 @ oyX|det 7|s SHe=

12. 2248 A9y g&TYH Ad 32
L7770 =A% X

ofAlo} 867H, ol 7} 677), LAofyo

gaTH

A7 2, Bepd At E, Wrj HEH]

ElAZ S AAs TAE 241700 ti(1E 2-3). dS5EE 58 677,

F 670, ot=gl7}l 157 Z=AE Yyepdth o] =

Z2XE HAZE ZARA =Y WS, v T "7, AdxuyAo
=

(02 2-3] 22 X[dcte| EaFE Mo

=T
-:}"5:
Y

e

ror
o

T ElASE Mol DA
(6770 TAl) SAEIZE of4l, 22 222 offul Hl2MEBLL WYY HZ EHoja Hajo|s
T 52 Ha|AE HCOHAE SME2D oS8 ZejAD, a#-g dE=3 @AlF| 0|~
o3 etz Twsi, aAE P2 2lo|Zxs|, &, ToA 2|AE 2|WE, @H HHAH FHE T
ZH 2 §0]T, 2l MEES AISMIZE AESE #EEJIZE MU0} B2 AW} YAES
M, =g|s|, otEH|=H HulAE H=T
(8670 TAI) 2t8h =Hjo| AME, HME #Lo| FHa| izt FX D, 50|, 5| ZA|DIA|, KFFI2E}
opAjof| E71EL TOLREAL Oisofol wjojal, Bl s, N ACie, Hofs|H-0kE, opyl2, AEZ,
N2, 23 Al2 otAl HAL olplzZa =AL opmch clal Do me|e, BE, NS 22
olX olga| mu| ME
670 EAl) @AEl w2 S2lo|=H|, EDEL HAH HorzAofolzA, F2|x|b) HWEA WA, G
ofn | ¥, HIAEel CIER0IE, 2ARI2, AEL OIS, S5EF, FAH, oIC/offBalA, WRAIAAE,
MURO| 7|5, 2AMEAA-= H|X|-AFEL Ofolofo|, F2a|giA, 2E| F2aleiA ofdlo|Z, AjZ
BI7b apie, 2Ea0|IAIE|, AT, MOIEL|Q MIE2AAD ATISE AlfS MIER0|A E=
£ SIAIE DC. U{7{7| ABIEFS-HSal nitelsta) ufzizal Aatof
M _ o
(670 TAl) ofSalo|=, @IME WHE A|SL| 2tDA OFEX}
ot of
OLZ | (1570 T A|) ofe|&, of=2} ofC|Aofujel ZIAMAL Bajxpgl Lio|2b|, 2jHlE, 7|22, cizt2, cf
2|7} | 2olAAZ Aol ZELR, CHl QFtHAM I, o F2E2Y, AL

%S X: Enovate(2022) M &, MAI +=H.

21) &X: Enovate(2022), Net Zero Tracker. 2022.10.30. T, https://zerotracker.net/
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A2 & el ey |

1.3. C40 =A713E 94 182

2005 AU~ E]“oi AAAA S FHE AAA7I2 80%01d= wiEsta A=
1870 tH=AI7F Frod 3 =A 71%3g 94 18 (Large Cities Climate Leadership
Group)” ¢ A1zt ZF37F MAHJLH, olEa] 20063 IAEAIE 40/1E FAkstAE A
“T=A71%Elg 15 (Cities Climate Ledearship Group, ©]3} C40)” 2 1&F9 HAES
MAsATE C40 =A7IF2HA 5 dEAY 247t 5 &5 gk 742
Ag FHE& gFdste 9TS & F rAde IAEATE 247t wiEEFE 10d
ol ARIOZ Fol= FAO FHAH FEHS st BE AFFEEC] ot
= W Al Atk FJAEATE 71FRE g FAHCRE oE
Aoz 93] (Steering Committee)”} H7}stH, C40 7]l
SEAEA S AAS wtEdstA "o 20229 AAE Ve E A4,
HEH, 78 =2, 29 T 96708 =AIZE C400l 7HdEel doem(Ld 2-4), 3=

AL o= Lo 20068 7Fst AR FYAAL &R 5k Q).

O_I.4

(22 2-4] C40 ZAIZ[ZFE|HE OF JIAEA

TE Bty MA TAl
T E AAE 2, HEE, ISt HE U2t o2l § (1870 TAl)
OFA[ of Hlold, 83, &5, AFI2E, M2, d7tx=2 S (3374 TA|)

otHE2lFt | EAE, 7E, EEE, WAIZ AlEl, LE[HI S (2970 T A|)

2MdotHol | LEHME A=EL, HHE (374 TAl)

ofzalz} |7lol= Ef2 ofu|E Cirlz, QstAH I S (137 TA|)

X EX: C402022) M=, XA =™,

22) &X: C40(2022), About C40, 2022.05.19. T, https://www.c40.org/about-c40/
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

2. A A 24A7t: WjEF dHE PRI

1990 @) FuF A AAL AT A(World Resources Institute, WRD2D9} A Al =] & 745
7199 Y3 (World Business Council for Sustainable Development, WBCSD)2): 71
2472 AIAE W Bar|Ee] gt gAEEe] 84S AlVlstar 20019 A V9 EE
AZIstATE olF 7IHeE 't =A, S, A 9 oy, FFW, AF T U
wofdlA el GHG =Z2EZFo] J/EEHo ftow, g ZEZLS A 247t~
HiE®e AHAsh] 93 IAZEEe R ARSEHI Atk C40 7sEvd &% ICLED}F

=1
et BEREES MYNIL 4NE FF ¥ 5 UES TEHE STEM a8EE
A FPFARE AL At EA 228 M7k AMEDE AT S
=S AYFTh FAHOR AR 242 S @y Yo wet A b AT
MEFS QBT TR AL Buse Zo] shsdtth BE =4 ANENS 59
7 9 Fh FFAA FAY F =S S, JF Astel s =4} FYsE
% 4¥S BRI W Fsd dolEe WArky 2 AAE FI FREL WY
T Aot FAEEQ] GHG ZEEZ tigh A7HA A58 HEReview by the GHG

Protocol), <!Z5Built on GHG Protocol), &&7#¥(onit d evelopment by the GHG
ProtocoDo]tHIE 2-5). =3 AFTTL 20099 A AA 247t~ wjEY 2 8EF
JAHED FHAY’ & T3l “AAA 24712 JMIES AR & MY, AHHSE
4 - BReste] 20199 GHG Z2EZ9] ¢15S 53 vl Yt

‘I (

<¥ 2-5> GHG Z=2 EZ2| 2l4Al(recognition) g+

Tg o
F|A5t0| 1ELH S THESIH offiet 22 27 oY
1 e Review by the GHG | =T s
Protocol el “This [sector guidance] has been reviewed by the GHG Protocol and is
consistent with the [specific title] Standard”
o= 3Kt ABo| w2l GHG =2 EZ0]| BT
2 el& Built on GHG Protocol| D; ’ GHG
£0q Hote|H olEol3 £04 PROTOCOL
g 3% Joint development | O e AIRRRE APAIXIRRITAWR)ZE O
Jlgr by the GHG Protocol L=Xo| 2IXM35| Jele|l = B olE0l3 20 SREENHOUSE

¥ ZX: GHG Protocol(2022) M=, MAt +=d

23) &X: WRI & WBCSD(2022), GHG Protocol, 2022.08.18. &Z5, https://ghgprotocol.org
24) NAXFIATA(WRI) = 1982 O|=0o|M MEE 22 H|Y¥e| =2 o2 J7|FHSI S 2HHE MAXl o 77|32kl
25) MAXISI7sLUH7 |G s(WBCSD)= 1995H0 Ci=& 70| &o{sto] M2lE H|¥e|=2lo|n{, HH & A5l X[

set wHg £75E US BEE

—
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A2 m el s |

3. =9 2AVIE WEF FAE

3.1 m=

nj = 37 ® 5 3 (United States Environmental Protection Agency, US EPA)S £217}~
By =2 73(Greenhouse Gas Reporting Program, GHGRP)S %3] A ¥ FQ Hj&Y Y
L7}~ HEARE FEele] AlFstar Aok w2 E3A4EH(Consolidated Appropriation
AcHol A= AxE 25,0008 ©o]de CO, HiE SFEMTCOq< HiEste AA
A, 8N 24A7MAE W& AFY T34 52 uld vis 3R T A
247 WSS FHCE HUSIESE 8%t AT
olof whg} 247t Bl
- 784kl Qlew, =t 9 A - B

71\ A] € Q]

T
==

MZe HolH S

F3HA WA iR

Il

%3
Hj Ao 2472~ HilE AHE §) o
(Facility Level Information on Green House Gases Tool, FLIGHT)20)E
JHE F& AR HAStE FEE AFITHIE 2-5] ol Fal 24Tl vjEel
O Aot & HAY ARE UF, AR AAA 5 olsGAAS A Al
A F EE Al WS, wlE Rl %S PIAe= 29 2 2V A

T A FoeEA S e Adsta At

[22] 2-5] o|= Facility Level Information on Green House Gases Tool (FLIGHT)

| FACILITY

319 RICHARDSON ROAD
EASTON, ME, 04740

| MCCAIN FOODS POTATO

< 150,000
150,000 - 500,000
I 500,000 - 1,500,000

Leaflet

I 1,500,000 - 5,000,000
Il 5,000,000 - 10,000,000
I - 10,000,000

Latitude: 46° 39.79' N
Longitude: 67° 54.25' W

o B o

é o © ] ® 510 B o e Gases
0% o ° o ? 5 e e ° Measurement Methods Used Mass Balance
° ) o ®
o
9 P ® o B e ) o0 @o CR oo e © Number of equipment groupings 3
o o - -
] ] 2
e ® o-? o @ © - Combustion emissions include biogenic CO2 ¥
o g ® g 8@ g 2 74 H
(- o ° -] o o ao T Information on Industrial Wastewater
Treatment
. o =)
-] ° (-} : f
0o ° ¢ qP g Type and Number of Anaerobic Processes 1 Anaerobic Deep
% ® e 2 Lagoon(s),
% -] 1 Anaerobic
- o o Sludge Digester(s)
: 9 o o

Total Facility Emissions in metric tons
€02 equivalent (mt COze)
(AR4 GWPs,
Emissions by Gas in mt CO2e
(AR4 GWPSs)

Carbon Dioxide (CO2)

ic COz)

Methane (CHa)
Nitrous Oxide (N2O)
Biogenic Carbon Dioxide (CO2)

Emissions by Source/Process in mt CO2e
(AR4 GWPs, excluding Biogenic CO2)
Stationary Combustion

Industrial Wastewater Treatment

Information on Stationary Combustion
Types of Fuels Used

Type of facility

18,697

17,537
1,129
31

5428

17,585

1112

Distillate Fuel Oil
No. 2, Natural Gas,
Other Biomass

Food processing

¥ EXM: US EPA(2020)

26) EXI: EPA(2021). Facility Level Information on Green House gases Tool, 2022.10.17. &%, https://ghgdata.epa.gov/ghgp/
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FLIGHT Z=2139] ALgAl+= vl= A

o 9o Al HolE e 54 F(State) ] 9
AN HolEE AHlo s 2A7ls WEARE

A=l 7 EE FEH =z Sdd o 3l
gl

9 2-63 o] m3F 2o fdt AX7]TE &85ty HolH dXE, HolH FF,
ANA olE, F AR FF, 247t~ FF Sol U A4S B A4 E=E AAo| g
1 F-gases AFE &3 24712 HOHE

AR ¢ Aok CO, CHy N,O, 17
AZsta Qo AgAr}t g eazbaol Azb vlE2 W2 (Emission range)E A4 5o
i W9 ol 23 = AAES ZEHEY & 5 Ao

(22 2-6] FLIGHT =233 W S7F & A|d7|gh =AMY =2tH

o EPA flight Share  View LS. GHG Inventory  View Other GHGRP Data Products  Help
N . y
A\ Y4 . S, 2019 Greenhouse Gas Emissions from Large Facilities ‘ 7, Now vou can vist hodata.en.go from your mobile device. e

Data Year  Facility Type et

Sector Filter Sectors

i Refineries Chemicals oth Mineral Waste Metal Pulp and Paper et
Em: Emissions
i o 178 186 127 115 110 2 35 2,850
# of Reporting Facilities ' f/ 138 449 1,307 380 1411 295 220 7.624
e
+
o
i
4
99 (c:)
® o e
o @e 9
) R0 @ 50 o
® ) ® g &
® s | @ AL
- 9 g ® ° Fe)
29, "® 2
D @ o)

& = e

This data st does not reflect total LS. GHG emissions. Learn more about related EPA GHG data sources. Data reported to EPA as of 00/26/2020.

=% US EPAQ021)27)

27t HiEARE A BEFacility secton¥E 2 U<EEw A A (Power Plants),
A4 2D HA7E~ A ~El(Petroleum and Natural Gas Systems), 7 A 4~(Refineries),
3}sH(Chemicals), #FE(Minerals), #7]&(Waste), FF<(Metals), #|A4+(Pulp and Paper)
ae]al 7]eHOthers)E 7122 JRE AFsta, AR A e o8 7HA] 2%
NAES A9 F+ T
EA AEE dis AREA - F, 9 - AR, AGEF ZE=NAICS code), A& D,
Wzke]l 24712 wlE Edcs, Oy Agdxdd oigk A HHE%E(/\WA
ZEHMICOseq, 7}2 AHEo= Qla w2, 7} S
ol olepzto] thFet A e
Alztgkel AlFshe 7ss ZFa Uk =3

ATEASA HolEE I AT

[.
érJl

g r;‘L
rlr
o
o
o
fu N
o
ol
ﬂHN'

ol Oﬁ

[kl
to (o m{m ofr

ol 220
_?L

=0
T A,

Lo
ofN
=

o offt 2 M ¢

o = oy P
co f

27)&X: EPA(2021), FLIGHT Basics, 2022.11.01. ™%, https://ccdsupport.com/confluence/display/ghgp/FLIGHT+Basics
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32 9=

A2 71y dAYAAY  HAZR(UK Department for Business, Energy & Industrial
Strategy, BEIS?2®o A= 29 2-77 Zo] A9 ©9e] 247t &% FHdd i
FAASEE A=std = FI, 247 HEFES ASHoE FUHYS T

= Ag g F83 HARE AFsta Aok =71 247k~ JIWEZ S CO; CHy N:O
EFS V2o E AXAE wE 89 gE] AAE Wst AE 9 AAA Yo F8
=UY A AEE § 7INe 2 AlFstal ok

‘HZFAEAHEnd User)” & 7IFo2 wlEHs 4AHdsts Was A&t F3stE
AAE, o= AR Askm Ag, H <
Ay - AF 5o HFTAEA A AT ISt
Al HlEd’ 71 AR WAlgE g2y, Vb 9 dY &HlEA, #HYlE S RS,

e
N
ox

>
2o
>,
3
ox
ol
S
rlr
rlo
>
N
S
[>
=
TN
o

o
_|>L
opp
QL
rlr
o
o
=
B
o
il
o
=2
o
e
o=
QL
rlr

=
e
o
o
=2
vs
A
o

A AEs
H|SF O R o]dHa, ol TA HF AUA ALEA AR A EHlE = 24 o]t

(22 2-7] Y= CO2 Interactive Map

- # Aberdeen City (2019 Data)
N izgencing e S 2 | EEECTTTETYTMEN S Tmeseres
|| ;7417:4640 . B==== Industry Electricity 42.8
ﬁ 640.9 - 828.0 7 f . Indu?t?\j'sol?r/\gasueis' g?; The timeseries chart below shows data since 2005 for this local
[ ] 828.0-1158.8 ) ; : Large Industrial Installations 69.6 authority
[—‘ >1158.8 4 S Agriculture 3.0 Emission trend
= et o Industry Total 2238
3 ’/./"/ Commercial Electricity 84.3
g’ \"\ > & Commercial Gas 70.6
2 S \ ,r‘"/ Commercial 'Other Fuels’ 0.6
t z \ e Commercial Total 155.5
& f 3 Public Sector Electricity 19.4
¢ Public Sector Gas 76.9
Public Sector 'Other Fuels' 0.8
Public Sector Total 971
Domestic Electricity 78.0
Domestic Gas 256.2
Domestic ‘Other Fuels' 751
Domestic Total 341.9
Road Transport (A roads) 163.5
Road Transport (Motorways) 0.0 200+
Road Transport (Minor roads) 135.4
Diesel Railways 1.7 *Toos o7 Zoos Tour Jors fois Zorr Jord
Transport Other 27.8
IRELAND Transport Total 3285
Net Emissions: Forestland -13.9 G110 COIOUIeH SETIS
Net Emissions: Cropland 32.2
Net Emissions: Grassland -16.7 Iadysty Total
Net Emissions: Wetlands 0.0 Commercial Total
Net Cmissions: Settlements 6.5 Public Sector Total
Not E\;\"I':;'iog(so' d%irt\;esmd 90 E‘] Domestic Total
LULUCF Net Emissions 8.0 B rransport Total
Grand Total 1154.8 - LULUCF Net Emissions

¥EXM: d= BEIS(020)

28) &XI: UK National Atmospheric Emissions Inventory(2022). CO» Interactive Map, 2022.10.17. T, https://naei.beis.gov. uk/laco2app/
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doo] 24712 JQHIEZ]= Ricardo Energy & Environment F%9¢] HAAHA
=228 %F Jtol=d F& wid FFEW B g =27 5A 2 FEE HolE

A
gg3it}. e JdWlEL dHolH+= mlyd UNFCCCOl REuEo =71 2 A4 W& 4=
71Es st JeAE WUisked AMEES wlE dlolE e d#HAd Ue
WHEYS &8s ARV AMREHY ol WRHOR dad MIE" P 247t~ 9
Q729 EHD EF d35< 7HsA g

A= FAYANA A= JEY HlE=H(Territorial CO,, CHy, NoO emissions) @ B2

oA 72 FHIG G8o @A AED F UEF WiEF AEE YA FaAHEnergy
suppliers), ol A A& AHEnergy users), L&]al 7]EHOthers, AZAFE3 AAglo] dAYSI+=
COmIZE TEA AlFsey =3 ‘HFAEA EW(End user format)’ & 7]HIoZ
o A4 " AP, 7] ALeE QA% HiEHe Y ouAY A #HEH" F
Ej
o

Q

¢

jus)
==

AT o oz 00%11 o Ko f

= WFstr] fs) oldAe] HFTAHAA AEFTHES. ol FEHO HiE

o [|r o

T2 DAL NA dojus EHolY AFA4Y A5AE e} dddE &
FAE, AH wEFEd &3t= ‘Y®(by source)’ HIEH T 2
A HBoh dAs AL 2 AHE ol9e HiEYUo=ZRE WAStE HEH

X
3
Al gL a
LA o me} AEAEA EE NFUE YT P 2RN FYP o2 HuP
HAZAHEA 71Ee] MiE® Hae A oA AdUA Ao R QIF miEdS At
e Adoer FEHe A4HE oux Ao A% WEFe] A¢ Y Age=m
A&EH A Fethes Zlo] Aot
[O% 2-8] UK = SALEA 7| & 24714 s &2 M E(kt CO2 2020)
Sector Anthracite & Coka S5F & MNatural oil Electricity Non-Fuel Grand
Coal Charcoal Gas Total
|Energy Supply
Energy Consumption
Industry- iron & Steel 328 152 12.630]
Industry: Tther Combustion 14 455 256 40707
Industry: Cther Processes - 7347 16 538
Commercisi 11,357 24 23687
Agricuitura B14 30471 45038
Miscellaneous M 17,653 17,653
Rail Transport a02 P 2464
Diomeastic 21444 __263 91,143
Public 2834 e 10,785
Road Transpor 112 __&r 103,681
Inland Waterways = e 928
Land usa Change - 4,607 4,607
Water Tiensoort: National Nawigstion . - 4 TE3
Air Transport - [IiE]
Military Transpord {4ir & Watsrd . - 1.542]
| Exports 06 5307
Imemational awiation and shinping z L 1771
Total 53.151 71,158 393,269

Lagend and Motes
Enamy Lsers

Others {COy emissions-nol elaled 1o Tusl rse)

Semors: Exciuded o Loos! GHG asfimabes in dfakc

XEM: A= BEIS(2022)29

29) &X: ¥= BEIS(2022), “UK Local and Regional Greenhouse Gas Emissions Estimates for 2005-2020"
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A3 A U d4aFTH #4E Y229

L es] 2A7E: WiEed Y =239

1.1. &= Placed-Based Carbon Calculator(PBCC)30

d=o] X718k &4 A7) (Place-Based Carbon Calculator, ©]&F PBCC): UK
Research and Innovation®] A& AP =2 ouyzx F£o £F4A dATF4E(Centre for
Research into Energy Demand Solutions)7} A|ZFgk ¢ 7¥t =42, d=5 A A3
B9 dolHe A+ AHE FEt A Ao BA JAASo] Sl
U ERH $tor, B4 mMEFS £o7] s AW IS d=HEs FAdMoF st=A 59
AANEAAS HE o AEF Addte s HH2E vEo Rt PBCCe 9= & EE
A Aol gk 1909 &
BFAEA 71E AH

PBCCE ®&4& UAl=o tigk &4 7]
MBIz QAR obd AMIAE 7|EO R B4 M E T
T7FN A el R FoiEo] Gl
A R AR[RQl F=o] BAUATOR
HAugstr] A8 MUY FsH 48] o] thgk A =
2B 22 HolHE &3, 54 AvEd o] A AHAH d
o FEo o= HAEFRAN A} ndygo] ARgHTE £ E HolHE A9
g & g MeE AFsta, T WEFS AT A
1903 Hi g4 dA=S AL

X
bl
R
il
o
o
i~
i
)
o
b
2
=
TN
o
rlo
o
>
A
N

[22] 2-9] Y= Place-Based Carbon Calculator(PBCC)

Place-based carbon calculator ~ ABOUT ~DATA  LOCALAUTHORITIES | Privacy & accessibility
" -
ko o et
2

& X CREDS(2022)

30) &X: CREDS(2022), Place-Based Carbon Calculator, 2022.10.26. ™=, https://www.carbon.place
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I S o BAEE T8 ALz 2 AT ouX|[ME Vs BAMeR

i =R I FFABottom-up) HlolHA =S ol JTHAG. FIES
BamEE ALS A8 A2 % &4 RE b2 % A7) A80E QI3 wMEFe) Ae
71Ee] elolelBo] ALgElon, o us) HlmA 1 =7k A3 dolE 3ol o e
WU AARE 229 ER ¥ B HEiME HES Jwow § A5 59
A F7F O AA A6e gaEEFs dS587] 98 AFSEHJATHE 2-6 Fx).

FHE HolHE 7|Hter =] 74+ AR A Y(LSOA, lower super output area;
Aol B sk o 150089 AR A el 3 1Y B DauEFol
AR AT LSOAZ AHEE olfE AA, Al 2717k Fob AAE Soltt B % e
STHEE AR ARIE wo] EASY] wEolal EZE LSOAFTAl= AHF9F sHA A dE
AFEE 7] wEe] &3 Hlmet AWEs AT F e HolHE wWol AE & Ue
FHE AT Q7] WEOITh 2R A FAdM] BawAw B4 Az aw,
EFo]l 7HE =2 AdL 7P w2 AYel vl 19073 Hd wjEFo] 88 oY
oz eyttt

<E 2-6> PBCCSl =37tH EtLHiZ2F AL F2 FH2D
sulztemal | SO T7hs ek INETESEY
H| = (%)
7], 7t 3 JlEt A= 25.3 LSOA AZE TiA B M| ALSEE
20114 Xtz E 47t
el WEact 16.7 LSOA 3
ENEERCETESS
LSOAH S4+ 280 ALEE= 201143 X2 & o7t
=23 wETC 13.1 ] -
22 o2 28 A2 ENEEREETRE =S
=4 2| 12.7 AZ dole 7| mRE =M 20174
7| Et .
322 MEZ Oole 7|8 RE™ =X 20174
(QlAlgd, M2 SEHS 5)
¥EX: Morgan, M., et al. (2021)3) M=, MA =&

PBCCE 71&S] GIS &AZES o] A& sl 2 HIAE7E AREAA 33t
ol s Boh fA AFstr] s HE del ALHEr v+ § $W®¥ (Web mapping)
71Es &tk # 7IHE FXF doly AZAste] Qg Aw FIto] A AREAE
Ang WA GeRE BE $ tke AW AT Uk ES @ ol g3 ohd
£4& YeEhle Aol Jhssta, B o e 32844709 LSOA)S 3+ A=l
/\]7l—§]_ /\ Olq_

31) &X: Morgan, M., Anable, J., Lucas, K(2021),

earch UK Conference (GISRUK)

“A Place-Based Carbon Calculator for England”, 29th Annual GIS Res
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1.2. 98 CO, Reduction Effect Simulation Tool(CREST)32

I AR 20208 3E 0¥ 24k ASEENDORA 2 W wiEsE 4= - Frde
st 2013@ oiv] 2030W@7hA] AVFA HiEHES 26% FEOE IESheE e ERE
ok IE3 vk ok 1 oolEs) 2021 49 22¥ 24UtA AEEENDOE 46% ==
Zog2 g MELE NDCE UNeo| AZstavh =3k [AF2dsiide] Fxlo] #%
HE] o gg]7]$ dstdA 9 2050 Sasy Ad So 8k 7|ENE 3 2 E
AEE(T S Hel wet 719 A wWiEF HRE fXdE 9 oE HolH3 = T

AY F31& Hgk dgEe FX3

P71 F Y= F BAE< CO, Reduction Effect Simulation Tool(e)dF CRESD)E 7)-3)
st rk. CRESTE [Aea =A2A AY 24 oFfdl o 749 =23% %
ZAHOlH & o] 83 AHHHE E8ete] TAFE - 1lF woke] Avtas AAoR <% C
HEH 245 95 Ao ATFAHHEIA) G2 F43l= =7°|th. CREST= 7€ A5E
=9 45 5394E % °
AHE(A: Aol o7 nFF W3

=
Ao
b
i
( J}l_,
I of
18
N
Lo
l-v {
R
offt
T
=2
Lo
£
Q
=
=
o
off
o
)
>

STEP1 STEP2 STEPS3 STEP4
N
XEX OD mEZ EFAR ZE AlR ALA]of
_ S sA RNEX DE [>| S| ATEE@SA)
sare AXIEe = o 2 || IO CO 2R olol Co 21m 53l
of st Hh&=F A& CHR 2 =39
e Co, = A Ak T e EEas
=z

32) Ex Y2 ZEWEAM(2014), ““EHRREIIRIRY I 1L —> 3> - V=Y = 2 7IUCO~Reduction Effect Simulation Tool Users” Guicke)”

33) EX: A=A M(2022), X7 2Ltef CjF o) FXof 2ZeF #E 2022.10.24. FZ, https://www.env.go.jp/press/109218.html
34) E2 W& &A OD Z=AHO[E= XSXE 71X U= et SolA Fare(2 MAE Mo H=E ol ME=AL S A

Alsto] X|9ZHEZH | ABYE AtSAt nsES HAIR o[0d, 07|M ODE Origin(ZLX]) 2t Destination(SAX]) 2| kAt
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(37 2-10] 2= CREST &AM &4 Z=2AMx

Stepl : A2 At S22 U SHA IS GAEE ME9

Step2 - B 2] AISAHY ot CO, B S FH A4

1, ASASH M| 2IE X FLE B7o7| Y ERRE MEEA XY

(o]o, M| g)7to] R EFS YL HEZ L0 500m BRHEE M 25
O MR NHE FA O u)eBsorAle] XY9E

ey
= ..f'r._-
J _‘\
§
e
i .‘\ ¥
a9
5
i e e "1.
e 3,
Sl
------ > N0
g
47
W
]
> i
]
_II
i | !
: 1y ¢
sg2 EEd3 o~ 1.:
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= 2 AR E HFE ol —
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= |

AX29 HEi U (ATUM a1-b1M0]) II

AXNEL DEF(O) =S a-bel ST |
x(HAEa1el YT/ Had A e ‘
»(Hxbdb1el AF/AFoTH 2T I

2 ARET RSF0.2EAMCZLEH, HRANCOHETE AN |
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MITLE o &t e 2 A a1- ol -
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1.3. "= Household-Business Calculator 35

u]=- University of California, BerkeleyES FA 2 3 A, A, 4kdA, NGO zH¢]
eV vE$ AR Cool Climate Networkoll A= oA AAZEe Hes 7t<&3)6}7]
AR gF oA AA =EE At Aok AT HEYIZsE dadAsm WX e

o3

AFE AAstel olF IR ASAL BEF /1T STAL WASEY BEY 5 Ux
Ae Brow st A, A4, 23 E== AFUH 2Ats 0E 2EE 24T 5
Ut 7198 AP + d=E AAB,

Cool Climate Network”} 7§%3t Household Calculatore} Business Calculator= <4k
7H83 71de]l Ttk B &F, oUA, AF, AF R AH2Y 2AVIA HiET
=Sk @A A4 =0t Y =T e ZEFQ CAH] 7Rk 247~ 3
(consumption- based greenhouse gas accounting)’ WS S 714, 719 2 X YA 9
AA &4 IAgS FAHsa o] F FARRE AAgks 7H AFEAe) Bludt Y =
= A3 ZAZor AR, 7Y 2 BARZ]FE o) A AT

3 fHsEZ T JRERe HeE g4 RS ARE 0T F e
‘Average US. Household Carbon Footprint by Zip Code’ & AFstx Yot g &
AeE "= W ol AW 2x] @AZE 7PgE 247F2 wjEe 7P wol T]odsiH,
2ol ol "ol wesksuburbanization)”} A7} H|Eo| ©x|= gdFo] F31Qx
T Yolfr] Ag AFY dEoE JEEHoH, Lo T ZAE Y3 ARE
H= $HHS, TA, 7hEH B e A G9 i 7 gAUAE S EE5teT A
oA, wF, AF, 4F L Avlx F89 AFAAS RdSs 7|NoE vhE

okl

(23 2-11] 0|2 SHHS J|u 718 BP B4 LXE Hg

(‘224 84 7|&)

¥ & X: CoolClimate Network(2022)

35) &X{: Cool Climate Network(2022), Cool/ Climate Maps, 2022.10.26. &=, https://coolclimate.berkeley.edu/index
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= 7} ekAdx}=(HCF, Household Carbon Footprints) A4H7lE A3 2|2
= A 7HA H AEAE s aE, FF A3, 7FE W oy A ARE, AE = AE 2
Aul 2 Fujel ARR Fo B3 13zt wWiEehe & ©@ATEe FA457] A ARAEATH
2dS 7gro g 3t} &g 9]
b ganiEY 2719 A8 4AE EAS
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el &MFOS wF A T 2A delEE Ags ANsEH, FAE

AA &vl EA] oUA JHE, WY A F

g A4 A5 B), ATFFAYRE, ARTHY, UF B, $F EE =4 A v

Sol AgHAt wF e LuF Yol Gl

A, WF T AL BE FEA NE, AF UE 5
A =i

FAAE eA7s MEAFE] A5, 4F

sz gte B A2 129D BF NEFS AN
SAlo] wel AR FPde] AN REEEINA AL, BE AE 4H 5 SaRx
Ay se e AZtEE AL Koz,

[Z3 2-12] o|= XY "d7d 7t BaLdXt=

A. Electricity
LT

D. Housing . E. Transportation ’ F. Goods

¥ EX: Jones & Kammen(2022)37)

36) CEDAZHLCA, ER O], &, HPIE 32 S2xeliMe| wsled IS 2l CIRRIE MuM=S(.Q) Ho[EHOIAZ 2k38001 7He| ARIFS st
37) &A: Jones, C., and Kammen, D. M.(2014), “Spatial Distribution of US Household Carbon Footprints Reveals Suburbanizatio
Undermines Greenhouse Gas Benefits of Urban Population Density”, Environmental science & technology, 48(2), p895~902
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2. A 4 Z=19

2.1 FZFJURFTH EG-TIPS ©4£ZFY A EH 0]E|39

So gz Feke] olux @7 x4 £" EG-TIPS(Energy GHG Technology Information
Platform Service)¥®+= 7199 247k 5 2 AdUAAY AYS 387 S8 Bad
T -9 ZleAEE FEHoE AFsids HHoE vEo FHE JledR
Aujzoltt, s ZUF A TlolE o]~ AA|, AW B 4FE oyA dRTV|He
I3 s}V Ie AERE AFSH, dyA "dF A=Y JIER ANS AT F 2
AMES AFsta Aok EG-TIPSE =3 ¢ AUAHEZ 7€y 18588 ASAF
AAsta T = A= 7ed gE ARRA F ARUAeldE A% ARUE 7

—

-

o
tlo o rir

(23 2-13] EG-TIPS ol X[ 247tA SEE S F o el=etH

QceopsainzwiaseEREErE  BABY BARE 712¥E SY¥E OUNHOE BAVYNEEE  ARUE EGTPS & A

ol xlclolE] 24
F7EAH], HAjgoHx| &

CENEMEERETI S -
AZpLick

o152 HAo7] 1 2 AAI8157]

471 NHEHE of| LA x|

4| Sel) Y el BEE BAds i + My
HBEhict. S2 EAEEE [ s
ks / ERERES r.]e

© 1 ‘I;.j
AR oy Ll

e 3
AAo17] o o1 NG /
® 2 .

®EX: = 1 X3 EH2022)

ozl Fee] EG-TIPS ©4Fd AlE#HCEHE 9= A% Mackay carbon

calculatorg WX mpHste] = glon T (A 92 sl Sl &4 gh), A

(A4 2%, AF3shig B3, ANENY ZE ARad & Ve 29, 7,

Fh, FF, TF FY 2050 AEHEE GAEE AT siE ZEIHANA AMEAE

A& R UYL BAE 44T £ 93, ol e 205087479 HF A et
B 5

£H2022), EG-TIPS, 2022.07.15. ™=, https://tips.energy.or.kr/carbon/carbon_cal.do.
CH2015), TA5 3.0 H&ES EG-TIPS, &047| AT 7Hets| 71F

38) £X: &=0llHX

=
39) EX: sh=ofLHx

0 OF
n
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4 ASsAERe F O 49AER FEHEY, @ ] #AHe DABGAURH
2 A dgd 5 I Aol gdEe §9 Aygez FAdH St
‘A gz 9:]' of @AM AygeE AuEd, 19A4= A
FAZ 205097kA] AHo 18%E A o= ALst= Aolal, 29A=
A 7RE dE®s 50%7HA S }—t— dE2 AARH A 3 At 4TA
AAYez AHel 68%9t 725%5 Aitst= A} tEo] Fa9 dEUF T
L Ao HEs sde Avges AAF Ut
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(28 2-14] EG-TIPS Et=Z& AlE20lE =tH
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- 7H 45t N 48t v -HZ 45t v
Mgstst 4517 v A= 48t v e 48 v
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2.2 MYt AAALE RET Screendo

19973 vttt A=A E (Natural Resources Canada)’t Z23 ez 73] om
AAANAR], oA &8 L FHF W z2AES e 2 A Ay It BAHS
X002 s, 7|&A W= 7] odUX Y AsHA, 7I2HAE, Ad, £, €I,
[e)

Hd, ¥4, dgelin 5 e,

U AR AEA, FoR, AT, ARAl Fom ojux B, wg B4,
ME B4, AR B4 2 UZE oY BAe Be A, 93 9 A 29, 8% A%
NPV, B4 8%, 5o #A 5o AnE AFAT AL FHA tiFE 4] AAL
obpEE Thd FEO T B3| oux EE Wi L Pgeolens, dBm,
Bd FUFY W), AHEGD, FH FE A 5 AYIUA 2D, h2/F)
B ZHW olux ZEAEe BHS AUPth EF B AFHE Y
MAvkIsh MmE B AUA AzH] A shsd B4 FYB

(22l 2-15] et MRt & RETScreen T+&3HH

RETScreen - Locaion Subscriber: Green Technology Center - Pofessinal RETSceen - Facily Sobscriber:Groe Technology Cnter - Pofessona
oty nfomane

Clrmate dita losation

tegend
(} Facitylocttan

3 gt

#ETSrsan Trainng st
vvvvvvvvv CanmatENERGY - Varres

I

Oalysolac tieting Cooling

nadation - Almospheric dogreedays  degreedoys
Month Alrtemperature Reltive humkdty  Predplston horizonal presswe Wind speed  Eurth tempenstue 18°C 10

T e % mm Wivtvimiid L) o ms bef b > ‘td E w4

Janusey 95 TAIH 037 158 1008 47 138 55 ]
ety a8 T 852 28 1008 48 3 ) o
Masch 23 o ns iR 1009 45 43 (2] °
ol 55 8% wwo I 1007 i s m [
May 4 635% 2% 510 1007 a2 127 13 105
) ) e 10050 56 105 3 18 0 %
uly 205 4% 85 552 1005 32 05 o 26
Augiet 145 758 13 e 10607 28 197 a 25
Sogienter 15 i wn am 008 ] ] w 15
October L5 5% s % 1008 37 15 £l ]
Nenerme 2 T =80 ] w0s 42 5! il [
Decebes a3 5 % 12 0 En ) # o
Aanual &7 2% 105874 8 008 39 52 42 1145
Source Ground Grownd Nesa NAA NAgA. Ground NASA Ground Grownd
vesud a1 m ] (]

40) &X: Government of Canada(2022), RETScreen, 2022.07.15. ®=, https://www.nrcan.gc.ca/maps—tools—and—publicat
ions/tools/modelling—tools/ retscreen/7465
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ZRAES] YE B ¥E ARS 4E¥
Auo met AF YJY ZF& =20

715 dolEHlol A= xE YT B SEAZRE(solar irradiation), olUA ALR=(:
FTYAE), FE3} dole(hydrology data) &< Al&stH, 71& HolEe 4

.?__ EH [efie] =
A AFAER D FTYH AYABRE ZHS U AERE AT d¥" AERE
Hgo s rez, AAF 2 93 B4l FdHH, A JteEH e A" o
IR KU

sd AR Absd A BN AAE AWRY, WA AgA

o A% delEt AFoR ZoHn gl
o 7% DAY ARE AgAZE AW dHT olm Y
o 2 AEssol gon, gy TR B
Fohe AFHR doleels, ofux
2 QYT 5 Ytk ARYYo] guH

>

g ZeAed g A4, 7% AR S & gom, dESHE A
AzEs AEAE ARSRT e AR ouA Azde wa BASE AS sbssteh
=F AGATE HEG oUA JlEEe AAE BT IUA vgw 5&g AN
gAY EAE FANFH, UA FaBeel B BHE AFEY

0z

<X 2-8> RETScreen ZZ 12|

— v
4/ AL

Input Output

e Technical, financial and

e (Climate database environmental analysis
* Project database - RETScreen D Sensitivity and risk

¢ Product database analysis

¢ Hydrology database ¢ Energy efficiency

¢ Cogeneration

% Z&X: Sinha & Chandel(2014)412| At2 & M+

41) &A: Sinha, S., and Chandel, S. S.(2014). “Review of Software Tools for Hybrid Renewable Energy Systems”, Rene
wable and sustainable energy reviews, 32, p192~205
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23 "F A7 FYAT4 HOMERSD

n= Ao x] FHPAF4  (National Renewable Energy Laboratory, NREL)oI A
7§ste] HOMER EnergyAtel ols & 2 wixxs Z2afoz uldoly Ao MY
AN z"o A AF 2~ W FAF 71X 9] O A olZ2U|7HA] BE BEdA mlola=
a8 AA HAHIE Ao AlEYelAd, HAsL, = 243 AAAE BA4S
Agsta B, T4, 79, volu X, F4, oAYA AF, HAVIE EHe] HeE Eoh
F AR ORI, FERE, A, gl ¥ dAA vlE 9k dAFE
A, 247t v ARE AFdh

aeE of T4 ks ¥A A% L wg AR vase Zaded gL
Aassts BA UA EdE 2Y + dE AR 2PL ANTT =T A2Y
AEHIAS F3 vlolaz Y= B oE FRe B4 %@ Axg AAd ol

AgATE TEBE 1% B AuEY BE 2% U@ AP 7
FnE)EE HAed) Ao vgo] =i AA Tz

(27 2-16] 0l HHYo| x| FYAT L HOMER FS3ted

fmr— L omenee e — e
HOMER Pro is optimizing for lowest net
. - | T T T o g i
1924 1262 === 1706 . 177
#1072 80
' l { | :
| L §591647 $408014
ol | Prwm L2 1 i [ ot Frel Pricm - 211 1 [EmTEr—]
| BRIl | 1516 == 1747 | o4
#601 sz =
| HM 5968636 $659,344 L 51145510
s
Cangel
‘ ) ) 354 - o x .
o [T Qptimal ystem Type O Getisp

B Gevrviic

B Geviiee
Nome: | Somple Phlpineilgeofasd | PUerePincesaNori Rosd Puerto Prnces, alowan Pipins (37501 [N
(s N W GexupvILIER

W xumipiee

Wind: Scaled Average (m/s)

OIFIEEE
—

SUGGESTIONS:

006

Gasoling: Fuel Price (S/1)

& X: HOMER Energy(https://www.homerenergy.com/)

42) &X: National Renewable Energy Laboratory(2022), HOMER Energy, 2022.08.18. &<, https://www.homerenergy.com/.
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B AMgEe F O d"HTEs JduA 2:E SAd didk Jle - AAA AR,
Aol eF v AR o] A 2E FAde A} glaze] R AR Fo] Utk dHE
AHRE 7oz oz Aakat Lnje] gk WHAE 1ZoA 1A S92 Aldkstke
Agstd, H4 &S 7I€oZ 7P 83 oAUA Al=d"l A FHAHE Adte
Tt old 1HEE aldle AdnR], 58, ZRAE £ To] Atk Al=Ee HAa
+F HE&= Adtst=d o] AR WG, oAE, ZRAE £H Fe aEste] At
CHAAMAE TVIEoR AY TheAo] w2 Azd TS = e 9 453E

o] &7

<I 2-9> HOMER Z=2I3#°o| M TAF

Input Output

¢ Optimal sizing

¢ Net present cost

e |oad demand
e Cost of energy

* Resources )
e Capital cost

* Component details with| HOMER > |, Capaciy shortage

cost
¢ Constraints

e EXxcess energy

generation
e System control
o * Renewable energy
e Emission data ]
fraction

e Fuel consumption

¥ &X' Sinha & Chandel(2014)4)2| Xt2E XA XA

HOMER+= +2 54 HAA&( =, vk& 3ol of¥ oA 2 A 28'ls AHEsh= Z0]
7V AAAJA HAZ dagEs S BAsteEd A" dF S GHE—l
31.6kWe] H71E Abgste EAIEd &2 AR Al=ElY Alo]=e} HAF7]H]&
(Iifecycle cost)& HOMERE AR&3] &4 A, 71 AAFR] Al=" F4L2 6kW PV
=&, WEg 8070, Z#ar 3kW MBS =F<Q Ao= g on I PVE AREs
T d7e sid Al 7|E HA Hlal 40 o vt Ao}, PViEd ol
27 AF3HE VHAE 7 e AeE FAHJAY. ol¥@A HOMER+ stolHg=
gz Alxgle] AAdE FAH Hd g BAS Agsty, 247t~ E

A A2 4 e
2P 0@ WEFE ATHAT o= Ao F

43) &X: Sinha, S., and Chandel, S. S.(2014). “Review of Software Tools for Hybrid Renewable Energy Systems”, Rene
wable and sustainable energy reviews, 32, p192~205
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2.4 59 AR A 7]|&H District Energy Concept Adviser (DECA)49

=9 o AA 7]s3(German Federal Ministry for Economy and Technology)ell A
=3 dx] &8 SZA|(EnEff:Stadt, Energy efficient cities) ©JUME|H ] dFo 7
23y HAEFEF dAF4 (Fraunhofer Institute for Building Physics)7} =#] oA
7]7HInternational Energy Agency, [EA)$} st /Edt z=2aflo= HAES O
o]Fojx = A & 2| (Distric)E F3HE HIAZ S}

A= AF+Building distric)e] 18& A F7 AYS Adstes L2ZEOE, XY
|12 I35 =71 A" dANA =A AgA, T8 AL LA 9@ A FR QAL
ARAAE R AEE A 7|E A G dUA g5 A" Az 2 A

_]
o
24 A= AT o
!

2

e s =
59 oluA A b A% $PL AU 5 Aok

Z2ag e A% Bt 57 B olud 87 E== 133 79 oux meH
Aol ZEEE AZS], g Ae] AU S SU ) e AR A9 Pt
MEY Qe 15 ATV EF A% oux Fast FF ¥ FUL BE wF
O Fele] colux BAET WAE B8 A9 ouX ARE ALY 5 Ak F
Sof thg B olUiA FF Aol FY AT A9 Y WESLS wE BAY(E
EO] -

A5 g JA sk, AdE =0 2
BREo] EAA 598 UA 2FUT Az Aert A48/ A0 A% 3 A
FAGH MFAGOE RRALY, FAS AR A% ©F Fd, Ay 9, 25 Fyo
ol Fd EE ee] FHY tbE FYoR aFsHN, NFAL AR B I
ARY AR, stm, Bg9, 59, Ax2 A, 4F 204, A4 Az A%, 21 g
A BRET A% 53 BRY /1F0] H: 0E 25e ABY A2, AF 9o
g $F, 71EY W, 25 FE W), B 298 oux FFF Sol weEh

E3 Y ZEagelAE oluA FFPT R WD BAs] TG AT P B
£2AE DT f30 Bde), YW, vlo|AR CHP, B8 4% 5 wels) ndy @
S gtk BA W Adel v 9 g uEYS JRe A Hf, ks 9% A
A3t @7l A7), welerlz, Helests, weleds, HYd, %Y, A/E, A9,

A4S A9 = Adoh =JF 12 oAy A == CO, H
A=A F5 WEHZY B84 B

oy
o
fx
i

44) &X: German Federal Ministry for Economy and Technology(2022), District Energy Concept Adviser, 2022.07.15. &
= https://www.district—eca.de/
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[ 2-17] = ALdH7[=F DECA *+S=tH

User Calculation: Output
Interface Kernel
R 1]
s G Ll LS "y"ﬁ"J ] =
| | ’7 — | | —
| * O m
e (.
etr -

LI
Typs
: 1BP¥.. .

)

« Fixed

Choice of pply systems

Default values + possible
choices per type building
stored in a database

—

HEH: SY o WA I & (2002)
25 59 =282l W 2EWA Energy Atlas NRW 45

=2 AR x=2EF

¢l wW|2~ExA(North Rhine-Westphalia) FA3olA 73k
Ao A e #HH FE AT T HFHORE 3, 3T AH9
71%, duyx A3 FRE AFs= Hul A X (Thematic maps), A7l A% EYEH,
olinl g #A dHolg T AT dAuyA EHrt A=Y Ae B A =(Solar
cadastre), 7] <lwlEe] A =(Electricity Inventory map), €33 * =(heat register), %
AAFA=(Wind planning map), #®Fo]ufx  ZA) FA] Z(biomass planning map)s o=
TA = Atk
‘Bjok 2= (NRW Solar cadastre)’ A= AF&A7F alg A do AE AE 9o
B¥d 9 HYE A= AX Ags Ale 5 IES X aga 7+H HA 754
ARE AT AFstl Agdd AWEZ] A= (Inventory card electricity)e] 73-%-,
NRW= uje] F8, e, volulx, 7t H7|E &7, 478, A 9 7} LSS
AA, F AvlgEF a9 F 1Y AT FY TFH AEE AFIAT YA dHolH
Ado A =l oA AL Bl FARE, oy &, AR A4 HlE, A7) 2
AHER, 5 B duA] &Y J8a 2472 wiE ARE AlFST

(O3 2-18] 5 =2Eziel HAEYH Energy Atals NRW TS 3HH

LANUVE

oy At

- 54 & “ . - s H “ @
R : L > = R
Bl "B [ [e[<[7] l,rcg-:grj}—"
- T o z/n v S 2 enERGY DT o
- ) AR VA N

‘CONTRIBUTION ON THE STAGES OF THE ENERGY BALANCE.

zzzzzz

45) &X: North Rhine—Westphalia(2022), Energy atias NRW, 2022.07.15. T, https://www.energieatlas.nrw.de/site
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S} d (YA, 4, FF, Y, d71E, 7IED g wjEFF
TFTATE AFsta Yok AYEl e A4E7] (Scenario calculator)” & F3  AREATE
20309 7l HE AYaH S s AH9Y FY, ®FE, voloyA B £
o TS AASA, AYAUAE AL A7EHF v 2 247 wEF &

T AR A, AREAZE ARG AAYA A ARE vl Fol mE g

B ox

administrative unit ?

EE barometer b
v

STROMERTRAG (SZENARIO) Per cen(ﬂdgs of elactriciy from

Scenario Calculator

b)
C—— Sl _—
reduce power consumption I -
J
o 0

Datenstand 31.12.2021

A g
Xy 50 o

< Shareof electiciy fiom wind
% > energy®

2304 G windenergy | Photovottaic | [Wlbicenergy | B tydropower
esatio g

Z
N, 60
wind energyd /o 0’
Addloprofie . .

Characteristics ?

11,384 Gz

ejojsejoe

v

HEX: B L2 E2}QIH| A E W (2022)
2Rl A IR A E(Renewable Energy Barometer) AL #HAH A
GAEAAZCA A W AR FA ThsAdH 73 g HeE AEse A
FARow 3t FY ZEQ #2ERE A9 iz 2012@FH ATEH A=

FAE A7 AHRES 7|Nte R 3y EA A9 HY AH] FF, Aux | L
ZAE ARE ATt 5Lo I AAESH AHAR RESS(LANUV)S 20119 5-E

o ooyAn AAEE
o FEjY oy el tigk <QMlEZE HIEo=E
AHAHCRE 58 JheAol v oyA 24 Ao F8ES
=ol7] S8l Hskat 9 g Eopo] HEVIER o|Foj ZZAE 1H(Project-accompanying
working group, PAG)& ZAAdste £4 dAtel AxE AFdth FHoUA HAAZF AFY
dge g NRW F9o JFHoux WHE 2 7 Aed ot T Badgh
AAAES 238 7|2 dolEHE £33 A4 100m, 125m, 135m, 150m =04 <]
FgdolHE AL 2 AFst] GIS 7]8F A 4o 23AIF T =3 AHA e WA S
g2A AR A8 7HA Ay ol s FHolHA TR FS ALtete] A F-gi

T

o
FEER] HZ2EEA  A99 A Thssta 71 284
ZAEIgkoH, Ao oA

R
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=7t HiEdS = wEtA AFuEdd s eE FEE ok
A) HellA AFH g2 247F2 wiESshe A 5ot
3 e 7], @ T ARSsi wiEske RS YRRty = A ‘3-! =7}
A (International and national carbon accounting standards)46)el —1¥ o]
214 u) &S SCOPE]L, 7Hgul&-S SCOPE 29} SCOPE 32 ui o] & 4= ). o§7]4 SCOPE 3=
F i
=

ot
N
74|
5N

1 kel A HlEEE SAVLAE Ao Tuls AF] AR FF 9 AL, Fuld
o) Amel g4, ArNZe] ©% U A Fo| EATH,

—

O 3-1] 2A7A s EY 7=

4 71 84S L 2 A
#3 &/ =

R JUoL

2 30

‘
2

.- Husz

(™ I wIE
O Uensaus 2=
SCOPE 1 SCOPE 3
SZHBA U 3zt B Yol M S0yst 32t BA oM
ASLEEN ORIO 2= 2,8 TS 10 AN ASSDILISEEMAI 21
WEHOZSE SAIIA gsls 271 s 2 gE7 BEE SHIM By

ol= 282 s

¥EXM: US EPAQRO22MM =, MAL7L 4.

46) EX: Work for Climate(2021), What's the difference? Scope 1, 2 and 3 corporate emissions, 2022.10.30. &=, https:/
/www.workforclimate.org/post/whats—-the—difference—scope—1-2-and-3-corporate—emissions?gclid=CjOKCQjwwfiaBhC7A
RIsAGvcPe6511PWbV520A2iQ3uZIEUw-MYQWXnHJIMIgIp6MCEXpP-IXYUp9NUAaAISnEALW_wcB

47) 224 J|¥E2 ESG M2 T &z HHUMOA K] 2ATIA ZFol| Chst o FE F0ist U0, &F MMojF7 (LI}t
(LCA) 7|He TOIsh HZ MZE7| 2AJIA HIZSZEHIIE EX-o0| HE SU|a Matol
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3. 71ed ¥4
Ugleds F 3-13 Zo] FA 247k Mg 3} “JFF
=2 Bagd 53 AAs A3 Do, “HjE” o

g
Folvl, “F % AA” o U@ *
48F

o X 2 o rlo rlo %2

F49, oliEws TP B BLACOIS), ARTNEADAOZ EFAT. o
SAvbs METe] 71 2 AF PR U@ /€S WA s Bk A4S BE
WE 71€ERE ohur] skl [AFAERFAAL, AU 2 Aol

18- RFFAN], [943FY FRNEL] AN OREL Y= AR e

<E 3-1> O stal= 2050 EtAZFE AlLE| 2

I

= Hj = ETEHA
=
22 e | od | HE | S ij Holg | & | &% | &8 | CCUS | DAC
L
686.3
20184
2696 | 260.5 52.1 98.1 24.7 171 - 56 -41.3 - -
A
0 | of 0 0 51.1 6.2 2.8 15.4 44 0 0.5 -25.3 -55.1
50
{ | B
o 0 20.7 51.1 6.2 9.2 15.4 44 9 1.3 -25.3 -84.6
MEX: A FX S(2021)

20179 P YRPAZATHREA AV eZRFA)E NET - FUIFge 71¥s
ZIEAA v 713rle e E E4stE AA” 5] 8k

TRAAE 3t T, 1470 FE5, 4570

Aot 3t &R T OAFT o] 24Vt AR 9 aAV|sd dig
, TN FEFEIAAAAA], AR, AR, AAAA, S A,
O~

| SH=(2021), 2050 BtAZFE AlL}2|20t,
50) EX: M| ESATE-sMT|SME{(2022), 2021 7|F7|& 717 LAY ZAEMETIA,

I
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gA2EHE S Y3l GRY FxRE B J1FEEES 201899 AAAE
5852 3R FHE FEAEE GdA2FYH AU oA AAEE FEHS,
AAFA, AL, FF, =54 1S, €5, LULUCHe)| 23 AEF3 A AAE Hopd
LA~ B EEAE S & 3-8 2
A 2AE LAVt eHlEFe] =8 AYe FAYEQ3%), HAIEd=03%),
A71=(12%), B4EdE=0%), AAMFAAB%) <=olH, FAHAGES AR, AHFYA 2]
745 AestE A AT FAFEHO] Qo] AUAAG Y] sjEe] B AoE Jehgh. dky
Aehgdzel A, Aa3ste, 27, ZAMAEES FEMFolRR, AFRY 2L AAdGAA
Hl &5 = 247129 HiFo] &t Ar|ze A, A3y fEY % i Hj&Fo|
ol FUAcE =& & HWEHFS UEWNG AMSEEAE AT WEFe] 4% 712
L7 TS HjESHY, AE BE wiEFo] VM =11, Lo g F£E FEo wjETo]
Eol AHHE AFZ Q% oYA] ALEFHo] 2 AL AT & Qo
<E 3-8> 2018A X| XA 24I7IA &=z 2 E29H vjE2F H|E
(2h2]: 1CO%eq.)
25 HT  MSSWAl RATHA WTZHA AHTAA|
. 268,355,620 1492113 3430777 1.333,991 39201317
- (39%) (5%) (22%) (15%) (76%)
oz | 280777130 3.838,100 3,103,909 1378837 4,520,408
—Ees (38%) (13%) (20%) (16%) (9%)
52,053,330 11,202,862 2.804,937 2000,484 2601776
HE
(8%) (38%) (18%) (23%) (5%)
R 98,102.230 8986,883 5079722 3728410 5082537
e (14%) (30%) (33%) (43%) (10%)
) 24,669,760 1017.211 206,729 77,085 180,045
EEFN
(4%) (3%) (2%) (1%) (0%)
o 17,542,680 2 090,597 682433 250 975 ~156,640
I8
(3%) (7%) (4%) (3%) (0%)
5,544,420 983,753 249,105 174,319 319,106
g
(1%) (3%) (2%) (2%) (1%)
-42,086,210 - 94453 213469 313,139 ~147.980
LULUCF
(—6%) (0%) (—1%) (—4%) (0%)
o &2 684958960 29,607,066 15,443,143 8,652,963 51,600,570
< (100%) (100%) (100%) (100%) (100%)
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Mo

(22%)

1,268,858

(20%)
1,505,610

230,074

18,063,021
(9%)

(21%)

+
of

2,765,298
(49%)

(26%)
2,427,784 362,672
(41%)

160,345

10,986,711
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(13%)

o
i
+
z

74.626
(1%)

25,527,603

(15%) (30%)
26,647

5=

279,598

(5%)

162,832
(0%)

3,073,822
(7%)
593,074
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SE

114,785
(2%)

239,598
(10%) (10%)
134,557 12,765
(2%)

2,967,775
(4%)

LULUCF

—48,164
(-1%)

914,563

(1%) (1%)
—284,546

5,640,571

(100%)

—250,798
(-5%)

2,515,939
(-10%)
5,887,283

Zes
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% ]

(-3%)
84,651,340
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2,473,089
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H =
s

oft

Lt

[
o

18,824,561
(47%)

e HE ST

Mapts
407,124

[

102,544,273

i &

[
e
O

02

25,065,333
(62%)

(8%)
16,997,540

1,062,233
(2%)

13,904,751
(64%)

(16%)
44,058,643

il

M40

2,339,463

(6%)

(72%)
1,952,722

2,386,478

(28%) (19%)

2,309,171

64,187,790

+
of

3,861,407
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(8%)
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(20%)
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3,617,735

4912,432
(6%)
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555,123
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(6%)
1,227,977

3,035,563

2%) (24%)

1,973,984

4,303,585

383957
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(0%)

(5%)
96,351

(5%)
1,194,841
(1%)

1,930,290

(1%) (15%)

433,714

A A

LULUCF

11,823,981
(—29%)

(1%)
-3,011,505

121,647

517,674
(0%)

(1%)
-1,780,706

A (= &8

40,377,743

(_ 1 3cyo)

23,752,021

-2980,797 -3481,755
(-1%)

(100%)

(-24%) (-4%)
159,296,245

(100%)

12,532,846 87,628,323
(100%) (100%) (100%)
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TE dAR T P PN M=
~ 5017417 46,506,336 1068490
g
(9%) (78% (26%)
41236192 332,625 194,179
MAZH
(78%) 6%) (5%)
3400556 3,036,284 701,565
HE
(6%) (5%) (17%)
0 R 7,550,041 7769617 2105003
e (14%) (13%) (51%)
] 3402455 2105711 441,963
sa4
6%) (4%) (11%)
) 1508737 1,386,458 162,467
7|
(8%) (2%) (4%)
239,345 216,3%5 5291
oz
(0%) (0%) (0%)
_ 9,376,332 ~4.784.290 557 464
£4 9 ®MAH | LULUCF
(-8%) (-8%) (~14%)
. 52008411 50,669,137 4121584
stA (=t &2
(100%) (100%) (100%)

MEX: 2HIIASE

0

{HME ®Ms, A =3

: [
TEE o, Ay 4ol Ae, ‘FEF A7 Z
5 Az Z 7 YA A o}
~D‘|_ 3

3 3-50A4 AAZ Hpel npRix 2 MesEdd vl BEste SAEE, BEEE,
AHFAA, AU, A=A Mee Y82 e T A FEA wl&TFol
=A YEigt. AAEEs Agdo2s H®o] 76%, 7FTF 22%, AR7F 2% £Oo.=,
Mgt Lol FAgo|x 247tx wiEATT M =2 Ado] P & HlES
A2 Gt 1 9 AHeAE H7] SR d AE EFRSA AHEHE, A7 2= Fo}
W AR B ASEAS AR, AAZIAMNA Tt ARgowm d AAE A
HEEe 247t27F JdA 4 Aoz wEedHe 2472 A7 16%, 51%, T%E
AR skt 2o RN HEHe Ae &Y F A



>

NEEEA ST A T Z S A Bk,
1,480,961 3,433,547 1,329,410 39,188,647
- - - 33,225,430.43
25,531.91 8,490.12 199910.75 80,463.43
1,455,429.06 3,425,057.20 1,129,499.08 5,882,753.32
=3 291,462 3,282,680 905,282 38,643,380
- - - 33,225,430.43
25,531.91 8,490.12 270.96 80,463.43
265,930.48 3,274,189.85 905,011.34 5,337,485.85
1,189,499 150,867 424128 545,267
- - 199,639.79 -
1,189,498.58 150,867.36 224.487.74 545,267.47
BFYAA Cht oAl S AL A MIZ S HRER A
263,120 323,023 5,701,190 1,552,830
6.32 121,330.41 1,429,429.85 -
263,11397 201,692.45 4,271,760.56 1,552,820.92
5 166,450 131,007 5,654,885 1,419,231
6.32 121,233.89 1,429,429.85 -
166,443.30 9,773.44 4,225455.46 1,419,231.35
96,671 192,016 46,305 133,599
- 96.52 - -
96,670.67 191,919.01 46,305.10 133,598.57
£ ob/4 27|z yelz s88c =1
33 ®7|
of MA (B3 25,594,019 18,774,839 382,555 102,508,956
M EL - 17,196,564.40 - 98,916,675.18
=R 1,078,662.11 41,240.57 249,597.31 158,283.65
7tA 24,515,356.64 1,537,033.80 132,957.50 3,433,997.52
33 M7 4ot 21,737,665 18,769,687 798 102,301,830
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M EL - 17,196,564.40 - 98,916,675.18
SR 982,119.27 41,240.57 756.51 155,464.31
b 20,755,546.07 1,531,882.09 41.79 3,229,690.05
oM A 3,856,353 5152 381,757 207,127
o E - - - -
M7 96,542.84 - 248,840.80 281934
JtA 3,759,810.58 5151.72 132915.72 204,307.48
= OF/M & HEE T HetedE UsE AT Mz
33 7|
9 o MA (E3 1,003,514 13,878,877 5,008,272 46,524,453 1,052,094
M EL - 8,127,003.81 - 46’16;’1 150 -
M7 10,039.53 55,971.47 59,571.18 53,906.18 1,052,094.08
7tA 993,474.02 5,695,901.28 4,948,700.37 309,431.91 -
33 dI| 4ot 997,153 13,845,637 4,954,886 46,225,272 1,052,094
A gt - 8,127,003.81 - 46’16;1 150 -
=R 10,039.53 55,971.47 59,483.51 53,906.18 1,052,094.08
7tA 987,113.80 5,6062,661.89 4,895,402.08 10,250.68 -
=R Rl 6,360 33,239 53,386 299,181 -
o E - - - - -
M7 - - 87.67 -
7tA 6,3600.22 33,239.39 53,298.29 299,181.23 -
KEXN: 24TIATHHENH M3, MA £F
eAsle MEEA F 14 A2 AR 0199 ARE DL BLFUEL AND
AR g E 3109 2ok AFe A RE 3 A, o 3% £7) BaFPEL, AW,
A% RROIA 1% A7k wEe]l gaod AEN £E FEL PRS0
MEFol 718 AL FAT & Atk AAARRE AFERAAAT} 21%, A5}

=y
= AAA = w72 10% PRk
SATHER UERT A™ZFIN, FF39A, sAEES A7 4%, 2%, -5%= 2018
A7 s el 238 SR AS AL & Ak oI AL 2050
o]

of v, o2 AWAY +
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<X 3-10> 20199 Hf &3 & 7| & X[ XAHH 4 BtaZEHE ¥
BEEEE = o= M2 ok o ol A g o
Mg 7% -10% 27% -1% -5% 3% 24%
HASH 2% 27% 3% 26% 7% -12% 23%
U= 7% 6% 5% 3% 9% 6% 7%
ol = & -3% 2% —2% —2% -5% 2% 2%
s5ETN -1% -12% 16% 4% 4% 3% 3%
H 7| = 4% 0% 1% 1% 146% 0% -36%
SRS 4% 7% 3% 5% 0% 3% 5%
2 2 HMA LULUCF 6% 3% 1% 3% 10% 4% 45%
A 3% 6% 7% 4% 4% 2% 3%
BEEEE TE =4 M E 47| rag ! 55 s s
st 23% 28% 1% 14% 4% 7% 6%
HASH 4% 25% 15% —2% 6% 2% 13%
U= 9% 2% 6% 7% 8% 5% 12%
ol = =5 -3% -18% 4% 4% -3% 2% 1%
s5ETN -9% 0% 1% —2% 0% 1% —2%
7= 4% 54% -5% 2% 1% 6% 57%
EF 3% 2% 4% 6% 0% 1% 2%
2 2 HMA LULUCF 1% 20% 4% 4% 4% 5% 1%
A 6% 21% 3% 4% -5% 4% 13%
BEEEE TE M 45 g H =
et 2% 84% 1% 2%
Az H 1% 1% 3% 35%
vak- 13% 9% 5% 4%
ol = =5 7% 4% 3% 2%
s5ETN 4% -1% 0% 7%
7= 4% -8% 4% -23%
EF 7% 7% 7% 7%
ETHHA LULUCF 12% 10% 9% 2%
A 0% 6% 8% 2%
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g RS HEd EES ol&ste] HERe AR AUdyA=R M 2
Waoltt. B EEL HE EHoA He AViE ¥ste d4Vse Fdske HEA
2R B 72 @eldd AS oy A AER ddst APz ARk Aot
A s 24 w2t A2, sgts 9, f7NEA so2 FEEY, F75e FH
et 2gA e AR FEd g AT, AAE HdEIAe 24 dHEdl wet EEA
oy Aol e, 3 e Aolz dEAR tdAol TEEeH, BEA
HFHA7E A1 Hastar B39 34 AgS 2o it oo we} i soly AtiHeR
Hl-go] @Wol] =1, tEA AF Aol G2A ns "olAu ¢ v rPHo® Alxrh
Fe@t AlFoltt. Bbe ejdA 2] 745, = CdTe =t CIGS Bf=o] Utk

B AT HE AT AAEE B wd Akl wek gEA AdEd &2
dTAME ARAR 8 e R AREE ddsl flske] 713
7VEABNRELO AN AFetes A EE BFF VEALAR] Ho BAE A
ARE ST IR7IEASHAA AlEste VAL AEs I8 Y
TA QR LDAPSe] f-Elugte] I AFELe 1HT F Ae TFRAGAS
7IMe ol ATstes ARE, 100me] =2 si¥== HEF - T8 Ad 8 HHE
AFTED. 2016 7€ 1¥ ~ 20219 69 309 #A 5 Fhe] AlzbE, €9, AAdE, A

[}

717 BEARE ATl Tk

T T T (w/m?) K P A T

250 260 280 300 310 320 330 340

MEM: ZEI|MostY X2 MA IS

55) Ex|: Ak
56) EX: 7|&E(
57) EX: I&7|ATlEre

02 ofm
o 02
Pl
10

F-st=of| RS2k AT Aol L X MIE{(2020), AR Aol LAX| A
, JIATIE N EFEE, 2022.10.27. T, https://data.kma.go.kr/cmmn/main.do
o|2f7|ekod T 5(2021), TOshAMT EfQFR J|AKIRIX|E MK
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

2 dTddME T8 TS AT ARE HEoR
AAARE - 42 AT BEgs s "B = & A" A
Z83HATHIE 3-14)

<E 3-14> AAHE Y BF LA
(EF21: KWh/m?/day)
v | zas aie OO B2 | aen | me | mua | wew
18 1.5 1.6 1.8 1.7 1.7 1.8 1.6 1.9
28 2.4 24 2.6 2.5 2.5 2.6 2.5 2.7
3 2.7 2.9 2.9 2.9 2.9 29 2.9 2.9
43 3.3 3.5 3.5 3.5 3.6 3.5 3.5 3.6
53 3.5 3.6 3.6 3.6 3.6 3.6 3.6 3.6
63 3.6 3.8 3.6 3.7 3.7 3.7 3.8 3.7
73 2.7 29 2.8 2.8 29 2.8 2.8 2.9
8& 2.6 2.8 3.0 2.8 3.0 3.0 29 3.1
93 24 2.6 24 2.3 2.6 2.3 2.5 2.3
108 20 2.2 2.2 2.1 2.2 2.1 2.1 2.2
114 1.6 1.7 2.0 1.8 1.9 1.9 1.8 2.0
124 1.4 1.4 1.6 1.6 1.5 1.6 1.4 1.7
a | M2 s =4 U®  ma  ma L. =¥ 5
sga S BeA BeA  &E == 4z RE
13 1.6 1.6 1.8 1.6 1.7 1.6 1.5 1.6 1.6
23 2.5 25 2.6 2.5 2.5 24 24 25 24
3 2.9 29 2.9 3.0 3.0 29 2.9 3.0 2.8
48 3.6 3.6 3.5 3.7 3.6 3.5 3.5 3.6 3.4
58 3.6 3.6 3.6 3.7 3.6 3.6 3.6 3.7 3.6
68 3.9 3.8 3.6 4.0 3.7 3.6 3.4 3.8 3.8
78 3.0 2.8 2.8 3.2 3.0 2.8 2.9 29 2.8
8g 2.9 29 2.9 3.1 3.2 3.0 3.0 29 2.8
93 2.7 25 22 2.8 2.6 25 2.3 2.6 2.5
108 22 2.1 2.1 2.3 2.3 22 22 22 2.1
11 1.7 1.7 2.0 1.7 2.0 1.8 1.9 1.7 1.7
128 1.4 1.4 1.7 1.4 1.6 1.5 1.4 1.4 1.4
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M 3w ey e o wue |
2 odAFoA 3% KSIS H S, ©AAH0,65471), A AH@2),
HEHCIGSZN) AlFe Edstal Aok si" AFEY BEF de A Af, ZEa7],

N
BAGE 9 AA2Y 5 /% ARAY JRE TS,

(23 3-3] =&et eftd i HEEE(IA)

~
HEEE
E=  Zmrapspfossmins (4 JIEATHX] MEESAEHH=
HEEE TN IEEDS v HIZEAE CROEESE FABIUL A H2ARIE
JIE  SRESMIAGIL 8 HESEAEDE ok
DEE  QFEAKDUOXN-GT16KR130 K4
PIES V=9l
AP CHA - BE’EE[A] 13.5 A
DE3J| 2420x1147x35 M S === 12.9 A
ERE 281 L I i
=] 31.0 kg | A 156.0 oH
HADE 20.9 % | wmg3ay 182x182 mm?
HH= 580.0 W |  az 7.5 W
XIHA|ABRITIQ} 1500.0 V | MIlLHT 10000 | ]
Hedxigs 53.7 V | et 0| yiears
Rl ====5 gy 45.1 v | MII‘—*E 22 | vear
Y 1 =0T = )
kg HAH A4S s 2o o] AHHAE T3 EFE 1-12¢€ 9 HYSH
W] T2 A THFE s
Bl &332 = (k Wh/ Month) AR (REAA,m’) x B AEE (%) x DAL (kWh/m?/day) x 2H D5

FAEE HTR, 3 HSE, 59 HIR &, olFd HER 5

0t FElE &8 - iEEH An o2’ Jie FEH O wEl =% JhsAYgS #5359

TS 28D B0l o, Badxdds AMAoz AAYNAA] YA oA A A
A |
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H 3 E 2y He

a

e —
g

J

ol %I'té‘% I

<E 3-16> XXM goEH, g7 & 87| =2

A X XLA| o E%5(m/s) g 7| (kPa) Adad7[2(°C)
HEZ 525 101.2 15.34
AT 3.69 100.8 12.97
445 3.99 100.2 11.66
Hetd e 4.36 100.9 13.05
= 3.63 100.2 11.78
SHHET 3.89 101.2 11.83
S5 3.43 100.0 10.91
T 3.98 98.8 10.07
471 = 3.62 100.6 10.73
M & 5 Y AR Al 3.35 100.8 12.39
ST HA| 4.40 101.3 13.36
CHE 2 A 3.33 100.7 12.07
F A 3.60 101.1 12.94
Q1M & A 4.50 101.1 10.77
&g Al 3.63 101.3 12.67
S A2 Al 4.52 101.3 14.22
MEEYHA 3.67 99.6 10.45
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

AS< T2 21708 AFel dhsl 571 #/F AEdEH

KS
BATE AA3S, 84S, 2HYA, =Y I3 59 AFHEE FHSAHIH 3-5.

[22 3-5] &t SHLUMI| MEIEYE(A)

“\
H=Sae
B= =l =
JI2E LA DNHIAL (| HE= Hig=
DU SWT-30-108-0D (v ]
JISMIEARE
2= | g | B | = | B | B
=271(2/%) =] - SHSIHHE 9144 m?
2/t sus - JlEAEE Dﬁiiﬁfﬁé
lsZ 3 m/s IEE] 80 &4 m
EorEa 25 m/s EHIS 20 | 4
Eo=a 12 m/s 297+ D | years
HA=E 2000 kW (PNl 2022 | year
262 108 - ‘
. 1 SRS y,
FeEle] FYane FEwasle] F4o 4 23 Wsks Yk o, By
B2 Aol o AE 5 2340

POWER CURVES

—e—Doosan WinD53000/91 —4—Hanjin HIWT2000/87 —<—=Vestas V126/3450

3500

3000

- 2500

= 2000

3

o

< 1500
1000

500

15 20
WIND SPEED {M/S)

30

W EX: The Wind Powers9) Xt2 XX} 7t&

59) &XI: The Wind Power(2022), Manufacturers and turbines databases, 2022.10.31. &=, https://www.thewindpower.net
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Y YHFe FHENY €34 A
= 0.5m/s ZHASE FEI As orsiH, FV)e ¥&% SEEXE, P
= YEhd
x P, +P,
azp= 830~ rv [ E
=

N, : 8760(1d F AIZh)
- Rl(bin)e] M-

i

=]
spol (e HdE) 74 FEE

& B zol(hub height)ol A 9]
2 9Atste] A g3ttt ol

o
Fote ATE B AFdAE

o X ol
ol oo b
o oo
i rir

2L

Vo EBEol H oM BIEESL
V, : F52A7) HAA BEFES (80m)

. Y= A]of(wind shear exponent) 1

a.

F&HE A me ASHOE WHFHDE FEUNE FHL ASYLE 2UY @

FBUEFFE AHGstel WAF A4 BEBTh 3 Weibul FEL=F9} Rayleigh

FEAEFSE  ASSHEd B ATAE A9E g ZHARG ok

FANEARLANA AT B AUANEES Fo £2H AAAE FEFE AnE
Bgalgone, ofd 43 2ol Hde] FALEGFE 283U

60) =X: RETScreen International Clean Energy Decision Support Centre (Canada). (2001), “Clean Energy Project Analysis

RETScreen® Engineering & Cases Textbook”

_69_



CHel EAEE J(=XME ALEle =Y XM E 7|8 SA=E
olgA =E&FH FHolUA LTS AYEH FHU|YgH 255 V|Hlo 2 HASHY
o 4= AJ4+H(Gross energy production)®® EZslth =3 Jdux ZF A AT
AE oE A4S aFEY, g HR AX AdEs 10% &4, SEFEE A A
T HEA(wake loss)S 1Este] 15% A ES H&3td, 5 HAFS PG do
Eqo=Eycycp
P 1,
‘4= prrT
Ey BA 2 R A4t
P AYe AR 71
P, E271F 101.3kPa
T 2 AYe A H AU
T BEAYes 288.1K
ZE9 A= AR WA oA =Ed AXAE A FAF FHe AAA
A =9 75 AR E A LSEATHE 3-17).
<IE 317> X XA Y S A EER
Ay 2™ 2HGWh/H)
MESHA| N
OH & 2 A 8
ENETEIN 52
M &S H XX Al 79
SAHE A 293
of 72+ A 19
oI M &g Al 504
BEEAA 63
e 5,687
A E 1,167
zas 3,227
et e 8,197
EYER 2,178
dAadr 3,831
HElSE 2,183
SR 7,422
ZAST 17,364
¥ E X =0l 4 X| 3 2H2020)
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o. 9

T B |, A, sk SlA =ol 7 AU AE FAE o] &3te] BNl
ZIAA FAANUA R ®Eeta, ol WAVIE s AUlduvA=zE WssteE W e
Zlgolth. old we}, FHe o|&3 THFS HAet FEFFel o& ARG HAe=
R sRFEzMA o] e FAAYE dulsiH, &0 &Y WH e ¢
HAshE EAYAE ALt ol & JHesd duA FFE fFaYAE gtk Ryt
A3, frgo] BerE W AgFs ANT £ dom, Y Ag, F9udyg 4
el wek AdgEn

G A= AlEHOIHAAE FHHAE 9 THAE =Ystua s AR
PH=E star, FFe A, ARAE - E FrFe FEA AHYE ¢ UARE FAE
T/ SHAT6D.

on(2) = 3 U‘%ng é%;%gf X‘%;OX:ZO% A e

ARAE  AEFES A AR RREEA ATsRE 134 AH
FWIVZ2AS099] T 30dzre] WE ABE FHNL HANENEE A gt
AAAE HTFE T F 3-18% go] EEIAATh

<E 3-18> X|AIH e SAHA™ of Zip2k ql 2l Zhak

B e L ey S o S = = o [=]
(2H2l: mm)
< X| XA el e 7|k AMEE AMEE  HFHAA  fFEHA
FYHH (km?) 16829.68 10195.27 10540.55 19034.03 501.13 883.49
o A2k 1287.5 1336.8 1414.5 1118.1 1318.7 1028.1
18 26.8 20.9 25.7 23.4 341 19.4
28 32.3 25.8 39.9 30.4 410 26.5
3 50.4 443 71.8 52.7 64.4 46.1
48 77.3 774 114.6 82.3 92.8 735
58 88.7 96.9 1115 83.3 93.9 75.0
68 122.6 128.9 165.0 126.6 162.5 131.1
78 301.4 367.9 297.4 233.2 268.7 221.8
88 287.7 306.0 2721 220.8 262.0 197.1
9l 158.5 144.3 171.4 143.9 155.7 139.7
108 64.4 51.9 74.9 60.2 57.8 46.1
114 53.2 50.2 46.2 39.9 51.6 32.8
12 24.1 22.3 24.0 21.3 34.4 19.0

61) Ex Z82 2(2018), 25 7 AZE OIE7 242 T Dol it ARt | Ei=EloilLxlete] =2, |, 38(4), p.43~54

J
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T7h ool S8 V2N AR 28 oT : oux™E 7|2 Bao=
2 od x| A A o & e HE 2 olname
2ol A| 2ol 4| SEYA  EERIAA L A
F9HH (km?) 539.66 770.07 605.23 464 .91 1062.09 1065.23
o AT 1344.7 1459.9 1370.4 1269.8 1220.9 1172.3
1¢ 28.3 28.3 25.8 313 322 18.4
28 376 485 24.3 332 412 21.0
38 55.5 87.2 50.3 60.0 712 374
48 87.1 128.6 741 497 103.6 71.6
5¢l 93.5 123.2 95.3 79.6 97.0 92.2
6 160.4 164.9 147.6 131.0 105.4 113.0
7¥ 307.2 301.5 3711 291.5 222.0 304.9
8& 289.0 217.0 290.9 297.9 209.3 263.5
9 152.2 189.7 159.2 163.5 184.0 133.6
10€ 56.2 87.0 53.5 48.0 78.0 475
1€ 482 53.2 53.6 66.5 48.8 46.5
12¢ 29.5 30.9 24.6 176 28.3 22.6
24 x| 7A HMapet e HMaje e e 8T =
F9HH (km?) 12348.09 8069.84 1850.21 8246.17 7406.95
o AT 1387.8 1309.2 1632.2 1235.5 1245.6
1¢ 29.5 31.0 60.8 259 234
2¢ 412 38.4 70.1 329 29.9
3 76.5 57.0 100.9 50.2 50.3
4¢ 110.0 88.1 131.6 77.8 81.6
5¢l 116.1 89.1 146.4 90.1 89.9
6& 167.2 146.6 211.2 126.3 143.6
7€ 261.7 293.9 235.8 2754 296.8
88 266.2 278.6 258.7 264.6 267.2
o8 158.3 138.5 201.0 143.4 140.0
10€ 74.5 60.4 83.9 59.2 527
1€ 53.9 52.7 781 594 446
12¢ 32.6 35.1 53.7 30.3 25.6

S e 5

ATI62),

ey

A

o)
=

() = A

ol frg} o

k1

vl

’

¥EM: 7|AE JIMXE g™ ASOS AR MAILS

F A

oo Lo

, W. Korean Soc. Hazard Mitig; |

17(6), p473~481



M 32 2y e 3 gh
FEIAE At A Y bsEhd, FTEEOH oEd 20mE AU,
20~150m= F4xk, 150m o2 nddRE BT 4 Ao RV JheE, FAES,
A7) &89 AS, FUEH ZAE HIEOE HAZS EE5Y JEHSE HEd=
Ao 2 AEHCIHE FASAT olo we}, 7hsEe 42.89%5, TAEES 82.5%, L7
FE&2 87.8%5 ALt Ho LAV EHS OE JIEsd "BEIRAIZE LA H A
WA £E2F AAAL A% BAFOD HEHATHE 3-19)
<3 3-19> X|KbAH 2 A[ZEAZF
PN HF ™ ZHGWh/H)
MESEHA -
CH M & A 1
S AE A -
M Z S XX A 7
S A A 1
o & A 245
ol M & Al -
T FEAAA -
HFET -
Aoz 2,168
AR 952
Meldz 120
EFET 620
AT 2,687
MEIE L 366
SEHET 775
dAaEL 925
M EX: ol X| S £H2020)
63) EX: ZAMH 2/(2019), 23 &N ZMelE IS 2F 7I1F, , "Water for futurey ,52(1), p62~73
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

suel 4% ohd 25 U UOR sof HAE

kol 153 @ - 9] FAE
v =Ae  ARA}
Akl Aol els) wHFe] AAAEE, =X WAL =9¢ ARsE 48R}

2
dest=s ABeolEE AU,

24 A ARE FYHFRAUNA ATHE 2AVELY NEFEY AR F
FUSUAFEM)D WM AROT Bgshel, wEie] T oWz PFEAE
AYSAT. F 8L JRE FAFAOM, FAAAAE B 24 T QoHE
3-17)

[22 3-7] T &l d=ALY Bictsa| AT E MulA =9ads HE
64) £ &2 xH5(2019), "I iR Of2A! EAHZ AFY 7, FelEaasltlolUX|etsl=2E, |, 30(5), p465~472
65) ZApidloll J&2 olx= of2f MAQ| I T Kt 2 JE2 olxE 2x(=2E K =MER)E, ELO| g IDIOHJ1

0|2 Qlslf wHSH (B =Rt A2 E OI%OP“EL
66) EX: ZENU=ALA(2022), BHiCIFE] G QEEEAIH[A, 2022.10.31. ™=, hitp://www.khoa.go.kr/oceangrid/khoa/intro.do

_74_



<F 3-20> A XM HdZA

& o X[ XtA| o 7 = iH(m)
AT 0.134
dAasEx 0.0813
SoEAHA 0.326
F4EAA 0.967
daET 1.312
Hetedx 2479
Malg s 3.985
SHE 4,537
4d71= 5.485
AHFAA 5.319
M= = 1.488
el HZ7 5.402

MEXM: TR A= ALY Hictw2| sHAFEE MH|A ZQIHFEL HE MR IS

ZHo] AzbdHEAaR(Annual Energy Production, AEP)2 &% =(Power Density,
PD)¢} du]g(nstalled Generating Capacity, IGC)& Al4ksle] 443 ATE IGCe 729,
HAEZ} AHEe vl oE HUEE(SF 90%)<= A83tHal, AEP 48 Al Adu] o] §&2 oF
20~30%E AE8E F A=F T

E,

PD = o~ [MW/km’]
Tiemit SRS 7] (44700s)
joo— PRXAXENEE [y
10
app= 1GCX AN 01 88 X865 24 [y )

10°

A AA A Aol = FA s Folrdxe] AlFAFTLS )
ol &2 FAFoIY Ve HAZFY A, AAAMER FE 4
dToMs e - 243 Q019 =wolA AR =HTH AT wFe AAA
A2 2834 T,
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=

Nd

(23 3-8] f2[Lt2t
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+
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<3 3-22> X AM Y sfigel Howrh A MY

x| o Region B3 8% (m/s) ™ & (km?)
Q1M G oAl 1 0.64 15,248
SHYE 2 0.57 17,754
HElS 3 0.39 11,093
Hetg e 4 0.52 31,784
HMEE 5 0.47 34,507
AMEHE 6 0.37 4,791
FatEAA 7 0.40 3,280
A All areas 0.57 118,457

fr&Ee 7o R tya S ol&ste HdFEE%(Average Power Intercepted,
S

APDS =&Y 274 A =Yste Ve AR A, HAEV AES Algo=
EHIZAD) 16m, old @& HHHzRS 3840m* (15D x10D)e.& 2 L3tHch A
a3y ZHFUAVE FES EHE¥olmg S EHWe  §8(42-43%)3 AW
0] 88(30~40%)& 2 &3t}

API==pV3x % [MW/km?]

A e
API= PDx —“" [W[m?]

occupied

A =1.5Dx10D [m?]

occupied

D: BN 7

ol

69) £4: &7 -x=H3|(2019), =i ofollX| Of2A FAF LH AT, EEFLASLURISE=RE, |, 30(5), pd65~472

0!
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

x
R
o
ofo
o

< ;e AXPTATAFAEPS 23T

_ Al X AX A £ [GW]

1GC -
10

AEP=

1GC> 365 x24 X AU Ol B &y

AN A WM = =/ olUA o] AN-FATFLS = A2z AT ol &4
HFAZFIY 7€ HAAZFY A= AAAER FEA AFeA @7 "ol &
ATolME 223 9(2016) =FollA AT ==HEd AT Gs AAAE FAYCRE

x| o 2™ Z(TWh/d)
M A AA| 939
SHHT 761
HMalgs 147
detd s 1,041
HMEZ 839
AT 58
B A 49

Folutael oA FrIHR7E aFdH. o3t

#HEAE AT AzEHA  FRI}

The AR, AZAHANA ATt T, FAS AHZ AHMA FHHT

ol st AL B @A AAEE FAVE EAAT old wEE B AFelAe

A AT FERTA0NA A FstE AAE Fouaiet FETr|E &St AR
= ke

Ang A7

70) X s LHR(2019), M= Mo MAm MEEDNM,

_78_



M3 =Y

40.0

32.0-
124.0 125.0 126.0 127.0 128.0 129.0 130.0 131.0 132.0

EX: ol 2 4H5(2019)

2

0

|

ez |

YT Folmtn Eadk(m) HaF7((s) ol LAXI 7| & T ak(s)
U EAA 3.60 8.29 9.95
T 3.95 9.09 10.91
SHHET 3.72 8.31 9.97
445 4.31 9.38 11.26
Ao 4.38 9.26 11.11
SHTAA 4.45 9.32 11.19
F LA A 4.32 9.38 11.25
Hatsx 3.72 8.31 9.97
Meld= 4.73 9.76 11.72
HEZ 5.23 10.57 12.68

MEX: of 2= LH5(2019)
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24 3+ THD 72

SN
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_ P9 2
P= =T, H, (kW /m]
T.: AHAF7]
H,;: 931
A=

g =47}

&
=
z

£
o

$RHIGO)E
4935

R

H(APDY AH]
dolo] wWE HA
25%E AL3tHT
Aocrtupiad 7L X 7[/ [mZ]
B 1000 9
ATl = Px ——= [MW/km?]
reo= 424 (G
10°

App= JECIEE ol g ITWhIY]
LRSS S B ==

o S B3 S R P RS RE B
At ol2F Aol rled A
uf) -] grzlat 22 3)(2019)

ER

7 - 29

RO A
3hA &
& we AR

2 ATFAM =
Aoz A& ATHE 3-25)

71

5

=}
1

l

)

UN
é okl rIr

=
=28,

Bl g Ao|LiX| 313

Sl =H35)(2019), = sHol|LX] O|2& ERHZF MY oA
. A Global Wave Energy Resource Assessment”

71) EX:
) &X: Cornett, A. M.(2008)
ar engineering conference
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

(23 3-10] =&et AZRTX HEEE(OIA])

& )\
HEEE
==  g=d JIZATH BB - TE1073

HEES S=UIAAE
I8 HAEREE)
DEE  NGEK-1BF

HIZEAE AR P=XT] HESY

HESEAMH=IE el

PIESN=INFly

= | LE | =
PNl HHIA

Al AB=H 6 kKW
ES= 98.6 Y%GLHY
UHGE 35.7 Y%LHY

ST E 62.9 Y%LHY

Eralib=r= ' 92 | %
X 10000 | [
IR ' 0 | years
el 2022 | year

S S e/l ¥
% EHE=UHILREE Y,

A= Asfjd ZFo wet FEIHEH, B AFdA FFHI} KS AZL
A AE A5 AASOFC)eF 1A AZHAX(PEMFO)Z FE5 1)
A7V, T=ATLA, A frtAE FES £ Jow, 9 e

L EEA- BAFAAA, 3ol EART olHF AF =del [E

ANARAALAG = A2 EH X THO] G E X DAt X 365 <244 7
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oF. vpo] L LI
Hho] @ Ui A
A5, YR AB&S G A7) - - o] LARE AN
N/ AN SR BA2GW). HoleoluAE /1% 9L wA gE
AUAAoln, AAAE A5 glo] kel WE Aoy WAHEE ABolHE

TAsAT. Hleledyx &4 U&=

Hlo| 97}~ ZelEd taiAE Z= 19712 AlAo tis] AR, A8 su|F HAZH,
158, d88), AT 5o 4HE s

1
it
B
o\
ok
l:o(n
o
N
N

[Z2 3-11] =&t HIO|2IIAZHE ALHE(0A])

‘\‘
HEEE
SEH | | T] 15 21
z= o) B opugm  mgeie A
NEES  DOOSAN ¢iEl = HEEAE =
JIEE  Bokuk &2 HESE A=t
DU BGC-130(50HD) &2
JIEMIEAR
i | L= | =
oI GEOBTIC -
HgHl 286 Nm3/hr
MMz 1080 kv
] 144,500 keal/hr
ERGE 84 %
HIgE 246 Ya
gns 538 %
Erabli=3= a40 %
Hegs a3% Keal/Nm?
SR | 100 | 4
272t 50 Years
el I 202 \ year
13 S

74) EX: 2IP|ZFI|SRHBA|IAE(2022), 7/E7/= EEHA, 2022.10.28. HZ, hitps://www.ctis.re.kr/ko/techClass
75) EX: 51t&(2007), "RIIMHT|E< Hlo|IIAS 7|e W HF 3E | TS=AR Mol U ES| shetisl=2R], | p763~766
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=3
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=4

A
=

JEME ALl 28 AT @ ol X[MEt 7]

nlJ

[e]

p =

Bl L e b

&

P
T

3

=
o

I

.

o wgt 1'd F 5%

LY

=)
F AlA HiO| 2712~

7} A
A

=2

=
LU
A

(nm?/)

3

n0
<

o
56,880,000
23,473,000

K0
<l

HO| 27}

18,293,000

925,000

24,327,000
23,984,000

27,670,000

stk A

S

<!

A 2
AAAE ol sk A
3-26> XXt & Hio[27}

3-26).

==
<it

3T
ar

FATEK

Fed, 1d
A ApAE AR

°©

°©

R} x| Al

o

ur
Ko

H

Al

ar
0
ol

od

743
ek

(2021)

15,207,000
3,378,000
75,351,000
13,011,000
2,833,000
13,901,000
21,643,000
25,907,000
16,954,000
11,267,000

www.me.go.kr

A
=
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HEFz
Helsx

d1=

BHAR(2021), 20214 R2|EEAE BIO[LI}AAIM 518, 2022.10.27.

76) EX:



st GolUAR ol gt WHI BABHL

=
= =
ol ot tiF2e A,

Agarel s BIMAZ Wastel Agsoz @
Ao wHTe v 2w doldd  ANTRS  uesu e
HERAOAE oA el A9, AR, FAR olerz TAE I
AN2"E T3 dEe Yy, 59, AE3AE 5o 83
AAAE &8 J1es HIEBANUA = ANl uEt EEixn=z,  gdEy
7R 2 @718 H oA AFstes HEF ALAERE EEIAT. HFF
AAEE B3] AAAE IAFEHKWh/mY/day)S FoldA ©¢l(kcal/m?day) 2 SH4HE Zhe
o

4

<IE 3-27> XAt H-2H AR

(2h2l: keal/m?/day)

2 zaE A7 Aage Ause EIESTEN
1€ 1332.802717 1370.219457 1556.962612 1467.860904 1445.873522
24 2036.835265 2087.455273 2229.659743 2189.21347 2109.323786
38 2328.264004 2457.885336 2518.076066 2480.271612 2530.853151
44 2846.338887 3009.997992 2985.143165 2981.532151 3065.253707
58 2976.40883 3100.724413 3078.888198 3092.766438 3113.800602
6 3075.515462 3271.158305 3072.140697 3179.321523 3145522558
7€ 2341.43211 2489.912637 2383.554571 2379.940985 2488.775277
8 2219.683613 2447.953094 2556.93944 2449.420514 2600.983933
9¥ 2041.772365 2247.887002 2029.006599 1977.845774 2222.223826
104 1702.698911 1855.997421 1885.835496 1771.604239 1905.453758
k! 1384.09967 1446.624204 1682.346907 1555.00774 1636.279771
124 1166.518986 1191.156406 1412.318873 1338.529378 1293.763411
XN | oraeA SESETEPN 2 AMZ A A ME s WA L
14 1510.806432 1398.539427 1609.321971 1381.972177 1394.320693
28 2205.14603 2126.502711 2284.899037 2119.926631 2144970425
3¢ 2528.184263 2501.848768 2520.175164 2498.15082 2528.545008
44 3007.434413 3038.868429 3057.931478 3062.430552 3072.792387
58 3113.429711 3127.508724 3120.343516 3135.880627 3139.776093

77) EX: 7|AE(2022),

TIARIZ N BHEE,

, 2022.10.27. H=

, https://data.kma.go.kr/cmmn/main.do
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27 o9l B4R J2HB A2 28 o7 : oux|ME J|s FAo=
6 3165.866918 3246.401615 3157.499436 3327.732601 3304.866265
78 2405.671548 2405.626237 2526.71352 2577.170422 2414.623558
8 £539.899521 2517.544193 2652605634 2506.466063 2491.995474
9% 2008.566987 2170.425508 1983.911994 2290.391196 2182.619029
10¢ 1814.105817 1810.959403 1893.259316 1899.107508 1822.836684
11 1627.608584 1515.542786 1726.973937 1474.461857 1504.362873
128 1372.232859 1244.801686 1482.807493 1212.648113 1236.802339
XNE | sitaeAl ol M 3 of A Hatds Halg s MEE
12 1570.45303 1387.047131 1488.842973 1409.997646 1327.110372
2% 2245699693 2144.117139 2156.346241 2105.986519 2078.939061
3% 2465889972 2584.294343 2548.281254 2512.64174 2473977342
48 £986.096202 3166.153239 3067.342094 3035.985403 2998.382992
5% 3061.004989 3213.643434 3118.598695 3114.071466 3055.411693
6 3088.401886 3404.746349 3177.170238 3139.063523 2897.455878
78 2393.756751 2751.586764 2558.446574 2437.060287 2515.080866
8 2523.181582 2687.992959 2719702481 2540096601 2612.939886
9 1875.914501 2405.664455 2212.062524 2185255274 2002.308431
10% 1822.160883 1962.95217 1944.151092 1852.723678 1866.183418
11¢ 1686.387137 1490.078543 1679.501262 1568.499566 1620.101262
128 1463.357414 1218.317127 1334.005958 1250.515213 1224.366956
x| & sHUE sHEE
129 1375.910422 1375.270502
28 2139.748553 2100.458634
3% 2563.150166 2447689239
42 3116.213536 2956.191378
52 3154.264739 3099.627291
6 3267.651433 3249.360414
78 2471.372693 2376.256136
8 2519.902396 2424057696
9 £243.451679 2118.86277
109 1869.271445 1787.331961
11 1499.875894 1462.331282
128 1215.167907 1220.523153
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HFE "Ll dsixe & 30709 AFol dis JE”

M 8 A, AE 28, 4 &48, JEdE, FHA, F4s 59

S
)
o
o
i)
g
2
m
18
i

(28 3-12] =&t B2 MEYE(A)

£ )

HEEH
== EHEEIED| v JI&ATHX] S HA | = A0S
HEES  Ems (v HIZEAF SOUMPEKS ENERJ SAN.VETIC. AS
JlgiE  EABURAoRI B HESEANRIE EFI
oo O\WNDERALSXHR 64
PIES (=N
el | LK | (=i
=7 37| 1047 %1968 x 90 mm
e 207 m’
=nities) 189 v
pSIE Rl IS e 2 EA
IEIH{X[2H 10 EA
DA =0 -
A SE) a7 ..
HAAISTOIT) 51
k=t PalES]) 963 MUrriday)
FIHEHEDBIN) MJ(rriday)
E0H| TR 25197 =
Ens 91 %
SAMTYE) T=p [ -
ZHENBIE) 6287 Wi
AL [ 350 | 4
2812t 0] | years
el 2022 | viear
\_ Ef e =LK e 7

2
£
N
ox
=
of
o
ofy
o
o
fu
rg ot
N
fuj
o2
2
T
A
&)
£
ofs
o
bt
T
g'L
2
ul

4 A < 0.004186 (M.J/ Keal)

X

Bl AR (MI/month) = FHAH x L7 & X dALH

AAAE HAD AR A5FES OB /&SR AAAZ ARYAUA HANA
AN ARAE A A S FESA
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

<I 3-28> X[ XAl Efrd A|ZEA

x| ol ofl L x| 4 AFZE(MJ/H)
MESEHA 42.372,000,000
CH M & A 12,798,000,000
A A 28,220,400,000

M Z S XX A 3,992,400,000

SMEAA 14,248,800,000
of 72 Al 22,820,400,000
Ol M & A 21,448,800,000
LT AA 14,104,800,000
H&Ez 10,879,200,000
37| = 127,411,200,000
AR 30,193,200,000
Meldz 58,338,000,000
EFET 35,092,800,000
AN 69,948,000,000
Melgx 50,695,200,000
ST 54 583,200,000
dAELD 74,808,000,000

¥EXM: gh=oll L1 X 3 EH2020)

T Rl Hasta e dely
= Zlgolth. ollvAE F=dte Zolo wat ARAIH 47
o, Atz W drs 2571 2okxe 540] o ARA<LS 4 A 500m
o} o], HFEAFTEL At 300m zlo] oJWolA A&t} thr] It 2= AE FET)
AUAE Ao A YNGR WA, 2020). sHARE A AAER 300m o] Zo]olA <]
g ARE 537 oEle AR B dAFAe VIsHERE FTAS

(o]
A AUAe] hE 7% FuE F U AF s AgsE WL Qe 4357
&, Al 5 A5(Coefficient of performance, COP) 5ol
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M3 ey e w wme |

(O3 3-13] =& X g MEHE(0A])

- i
HEEH
E2  S=2sHIoUEywWG) B JIZATHX ERSMTMAMLESERT?
JIE  [HASIENIHL R (v | HIZEA CHEGIEMILLAE)
DEE  DHGW 1E0ONCA-02 & HESEAE gk
JIShISARRE

= I L= = I = I L= | =

s 525000 W @ mE)|(HXAH  DANFOSS =

Ly R-410A = 564646 W

= TEAKI9BHQ072 mm® 550202 w

=) 2650 kg 107945 W
TN (L) Scrall - 139815 W
4=7|(+2) 6 i} 5.23 wW/W
L=I(2) 120000 W 3.94 W/W
Sr=J|(MZEAD  COPELAND = 350 ) K]
S| (") Plate = =2|2f2'='” . years
SuEh|(2) 2 cH ) year
sy (22) 195,000/ 12,000 W

= EEMLTIEE .

S o5 e S T ARSIAT.
2 e Ae, AL 11€9-39 /1Y, ¥
Sole FoZ JMHsEtY Y3 dyA AstEE =EGT

F

E Rt IEES

A5 o83 5999 57197 19

A ol U R (M) = BAEF < (1—1/COP) X 3.6 MJ/ kWh x 438 J kol L =] B 2kA] 7H
(O3 3-14] 2 AFolM JHysh ey H A
| | B | ARt
13 =ar 372
28 e 336
32 Loy 372
42 ey 0
hE dgt 372
62 gt 360
72 L} [ 372
8= gt 372
92 et 3860
108 by 0
12 =iy 360
128 iy 372
Total 3.648
78) B 2L 2/(2015), HE BTE X|PS|EHIT Mu| L2252 X|HolHX| 0|8 B,

FeEAtIS AR, | 25(4)



I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

AAAIA WA ADeuAe] o FAES ARAE
gomz B AN AAAE BANsE B
ADBAONA A AAAE AD AR AN 2

A

™

<I 3-29> X AtME K@ A|YEME

o

x| o ol X 4 &2HGWh/H) ol x| 4 MBHMI/H)
ME254EAl 2,027 7,297,200,000
& A 533 1,918,800,000
B A A A 1,209 4,352,400,000
M &S H AL X| Al 167 601,200,000

ST HA| 614 2,210,400,000
o2 Al 953 3,430,800,000
AMZAHA 964 3,470,400,000
T AGA 570 2,052,000,000
HEFEZ 394 1,418,400,000
d7= 5,803 20,890,800,000
4z 1,353 4,870,800,000
MElg = 2,448 8,812,800,000
EHSX 1,510 5,436,000,000
Ao 2,968 10,684,800,000
Hetsx 2,088 7,516,800,000
SHET 2,390 8,604,000,000
445 3,189 11,480,400,000

KEX: ol XA 7 (2021)

79) B ZUH-EEE(2021), 'MALo|HA| EEEE 24 2 BEa " drgel | NolUXIZHATE J|=dTEDAM, | p.50
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TE duAs &l dUAE FHste THEIDS ZEst W - el F&ste
Zlojtt. =& dUA 9] o]&2 oAFHoe WrIEG 20 donz Fo] 7R e
SIEFIZE Tl Wil #&eta, Asdole Fe0 W] EEG woER, Wi
Z&ste WA olFon. &g, sk, Tag, W T8 FEdeE 8T
oy dA= F2 AFESTd stHFE AolyA FE s o

TE duAs FEdH tirle 2= A F2 ZIF AT A F2 AlE
7o g APHEgE A9E - AZE di7] 259 £ ARE F83toor F&3 oA
AaFS S = Ao sARE Fejdxols T2 Y A MR HE59
AR A3l 7le ARE TAHLE JAUA Hikde st

Fa duyA A o PXI7IA R F 14370 AlFell el ARS-sh=

A
Hx o], ¢=7] AR, dusr] AR, Aus"E, G319, ASAS(Coefficient of
performance, COP) ol ti& HRE F3 AT

(= )
== S saHT oL W0 G) B8 JIEATHX] s e P R e S )
I8 HSOEHLUAE v THEEAE [HABIENILA A
QU DHEW 150NCA-02 £2 HESRADE ok
pESN (=341

== | Li= | =)

s 525000 W

LH R-410A -

a7 1670x1964x2072 mm®

=y 2650 kg
r=dI(EA) Scroll -
o1 7|(4) 6 IH
erxy|(22) 120000 W
TESIEIN) COPELAND -
HWE)|(EA) Plate -

S mEh)| (22 2 H

= PEH)|(2Z) 195,000 / 12,000 W

S S| (HIZEAD DANFOSS =
HOlsH(Wy E2m) 564646 W
HOsA(LY KIS2m) 550202 W
QEHaA(Wyt T|E2m) 107945 W
QALY TIS2T) 139815 W
EER,COP(i&% X|==m) 5.23 W/W
EER,COP(LH_X|Z==2m) 3.94 W/W
IS 30 | rH
28712t 5 | years
AlEE 202 | vear

8 =M =0 E >4
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o
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X%
-
2
i
Pal
2l
ot
N
>
ofM
ik
|0
Hu

F4  dux AAEFE AL U I HAS Fd AL
WA AAAIZIE A doll Aot FAdEkA el Af, Aed 11€-3¢9 €,
Wite] 749 o83 59-99 5793 19 12474 JhEete Ao ® sAste] 93k oy
AarFs =&

A Yol A (M) = A 8% X (1—1/COP) X 3.6 MJ/k Wh x BE ol Y A YA 7h

g oluAe] Ag, AAANUA WAN FAFES HPAA gu gonw
AAAE FAGOE FIFAUTAY FENS FIARE BEHAT. AT Lol
AFsE ARAE B HsF DAL et 2ok

<I 3-30> A AtMYH A ATEHMY

x| o ol x| 4 A=k MY/ )
ME25HA| 454,145,040
& A 1,738,440
HALmhod A 1,954,440
M ZEEY XFx[A| 2,365,920
S AFZFod A 25,503,480
T2 A 0
AMZAHA 0
T AGA 0
MEZ 0
47| 3,763,800
AT 0
NMaltdtz 62,258,760
EHEX 0
AT 19,476,360
Majge o 552,600
YT 657,360
AaEes 0

80) EA: BITAESAH020), "THOIAX HA2E ZA A HX|ZAL
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EXTES 7 1
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EAol &,
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£ o]&stith
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27) o9l BASE J2ME ALl B8 9T : oUXME 7|2 FAoE
<E 334> 27|E oY 2AIA HZE AN (04
e
AT Nary e MEAE  eumm  wss
Y (COzeq./TJ) awh)
129l M B-C% 21,249 1,636.635 100%
0% 9| Mg SN2 RS 20.165 7.739654 100%
329l Mg 3% 20.09 6.736709 89%
429l Mg Ay 58 19.926 220573 0%
=9l M HE 18.004 0.664388 0%
622l Mg Zam 17.63 60.68992 0%
729 A B 15.081 59360.6 0%
822l P =& 15.236 872.3315 0%
92l - - - -
10=% - _ _ B
8t 61.047.62 -
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AAIAE i o e sy HE - = - AL - A
*8% A & AW 7hsdt JAUAE WMBAFA o]gste YA olth ZRstal 1 HA
g duALE ol&SAT, ol CduAE FHst] Aok & el
HgoM s 2A7AE WS, 2HEr AR o) P e 2] siAe
AABAAA Aok gF, B AL, & B FA, A ol=s A A tid
A7tz WERHE Wrietal, olE ARAYIE =¥E @/ bEo|of . oo 2
Metol A 20203 HE EFEHIL Ae HEF BaASAE B Zee Al A A NA
HEHs 247l TS AFsste], @Hd0kWE 84 HiEFs 7IEoE SHEe
Twetal, sEE Asdd Sxde AH&sta du
l fﬂrﬂk B AFoAE Zed ESEAkW), S EFIMDT B4 W=

>
2
(e}
ok
£
N
gy
k
o
=2
R

=
B 247t wiEF E4e A&staA stk A HrHLife
Cycle Assessment, LCA)E 7ZIRte® 7i&d 247l #l@AFE E23t9, LCAE
TS wet aeskA 2 ZFS 247 A

B AFoEsE LCAZ 7)dte g Zled wiE: Age 7l FFE S99
A4 & =Z(Life Cycle Inventory Database, LCD) dlo]EjHo] 25 &&3lo] &AW - 7|&E

272 HEATE EE0te YHES F&3HY. 73 r]ed Uk dYHES b ol EH
Hlo]~E A|&Fst= Ecoinvente] dlolEiHo]l~E 2 H3Ie Gate to Gate(GtG) EAS
Fhstal, B AFNA FHT Ve AR U|Sr]E =Y wE GAHTEH A4HA
YHES Bt GIGE FAHSAT # AT AdstA 38 E dolgdo]~E LCA
S/W(open LCAE Z &3l LCA simulatione Fdgozn L2247t~ wjESASFSE
A 513 T
(12! 3-16] LCA 7|8t 2AITIA Bl &4 AMH ZA T
{FIZLCIDB) =
JHODBE e e
S
seoinvent ' e i '
invent bt — - —
ot . , |Solar Enersy 385030 fgﬁvcma\’gc W NE o)
Gﬁ&'w 7 %’;‘;ﬁ&‘gﬂ?‘ 1, 26E-O5urit wastewater |5.38E-06m’ . openlLCAS/W
- ] Qigfig;?gﬁi pvater S EOHe O3 g 07E-07m’ g -
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

71 - ARAE LCA N MEASE Asgoy, PeddEdE sews
WS AN ABEoE el AeSANGE 3-35). BldRe] A%, wAY - A - e
A A ARzl UE MEAS B AeSAR, B A 3 o

o= [e)

Wb Al PR TEste] MEASE HASAT. vhe] 07}

Bowoz AU, AR B9 AR A d ARl wet FEste] WEATE
EEsant Add 29 Aol gz wieAsol A dFe MA= W FFl

whe} FRShe] AETA

<3 3-35> LCA 7|gt 7|=Y i &A+ Hdax
T2 led M&EI= i £ A4 = ¥ T 2 (CO2eq./kWh)
oo oA 0.00011875
= 22 o2 i 000013625
Bhord whop 000009417
HAEH <IMW 000001873
z2 HAEYH 1-3MW 0.00004569
HAEH >3MW 000016222
Hho| 2 7pA Hpo| 2 7bA 0.00001384
SOFC 000052884
o B H x| a2 000073880
PEMFC
o 57} A 000051626
HN&E2|&
T2 led g i £A4 = ¥ #&((tCO2eq./MJ)
R-134A 000682243
g e R-22 000891567
e R-4528 000475727
R-410A 000819659
FgdaE R-410A 001099864
R-134A 000599764
g o R-22 000835573
~of R-4528 000430515
R-410A 000779714
#gda = R-410A 001051026
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Fgste] it waFY  Adges Wt dwd  SRwstnde
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A9 BaA A4 G4 NDC BEE ke WSty oldel 20179 WE% oy
2449 ZEEEE WwASQE, WAATR NDC S 24 AuTest 2050 ©aZY
g Rae A3t =EHUT olo) Wk ANUA hE Sehe} vhol LoUA] i
7 - 471 EBECCOSE EA0l§, EAolg W4 8 YYLULUCE, 37 F B2
71%DAC] Ae HUiE 1Y "Wed 5 o9% A3 3Y SFue £ye

darskaoh

Nam et al(2020)892] AFolA = AFE=E Uz JHdS 7|Htez ey 89}
TEHFS dSFste AAAYA AYELE  AStsta, AUgleE SWOT H7Hs
T3 A AFEL A AYE 7|HS=E base AU LE FASA, o
A HEFFES AT T riso] FUiEHe AUELE FAE ARSI A
H &5 7IWto s 7} Ay ert Hrkstaoh dA72d, HF AYgeE B3 73t
kol S, S 9 ST EEAEA, BEF ddAh P ASHAE 8ok o=
S=ZHATH

(22 3-19) Hald Jlu ME ARYoUA AUz 24 o7 pAlz

Stagel: Forecasting of ele.ctrmty Stage2: Suggestion of renewable energy scenario
demand and generation
@) Data preparation © Suggestion of scenarios A
=l 5 LAWY
sl ‘\f W \/
L e
_ . o N
n=<
$ T
_______ - Demand
(b) Data decomposition r :EZ
T ! S
; o [wli=
;- WV RISA— venaees”
5 'EIHA :
|
= e——————~A4 )| v N J
o @
(( . .
@) Energy forecasting (demand & supply) (ﬂ Analysis of scenarios R
H 2| days learning data (input: decomposed data) % 1 \
| ©=——3 7 days ahead forecasting (output: electricity data) = L\ L
v ‘* AR
—— Moving window — Q
=—.F ;" EE— A
— -1 o \ )
— :EH‘: — IE!_‘:___q
— _IN=R
013 - 2016 , 2()"7 ) Analysis by economic-environmental costs /
Training set Test set @
MLR, S/\RIM/\;
QE{}}_ (@ SWOT analysis of optimal scenario \
\ @QGRU ~LSTM, DNN
(d Validation of model performance N
J‘N‘ff’ﬁr-‘n‘
Ty,
Wiy
/

& X: Nam et al.(2020)

85) &4: Nam, K., Hwangbo, S., Yoo, C.(2020), “A Deep Learning-Based Forecasting Model for Renewable Energy Scenario
s to Guide Sustainable Energy Policy: A Case Study of Korea”, Renewable and Sustainable Energy Reviews, 122, p1~18
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Park et al(2019)892] 0|4 NASAS] MERRA-2 A|BA dlo|Ejulo] 2~ o &afe]
Seluete] AG BB FH AGPAFS B, olF wgos R YA
BIASA. AU AzFH WMEA B4 Fa Wl A AdelUA Adeles
Fogste] 24 Auges AF JbsAR uA AT 2 BFH I 0g 2L
sgsgn. @ ARe] AueE 2030 NDC EEES 9AEH  EaH, 27179
qustendss PHol BaFge AMSET. =W HY ATAHE AYeIIA
ARA AE4e BAFoRN, ADEE e oux Bz THL AtsAr.

[Z22 3-20] NASA MERRA-2 && Zd& 3! CO, &%

<AlLfE| @ of Lix fY wH s <AlLtel2g CO; iR >
[ Solar = Wind [ Nuclear
(. Coal NG - Oil

— Hydro === Renewable other ----Demand

Business as Usual

£60
3 350
gdﬁ
a 30
15
300
o
0o 1200 000 1200 000 1200 000 1200 000 100 000 1200 000 1200 000
11-May 12-May 13-May 14-May 15-May 16-May 17-May
% swengthened so Target
trengthened Solar
75 250
S 60
g z
s
S 30 w 200
=
15 | o
0 e R\ @
000 1200 200 000 1o 00 120 000 g
11-May 12-May 13-May 14-May 15-May 16-May 17-May S 150
90 ~ f
- Strengthened Wind (e} u 0|I
o
Se0 © Wind
% 45 100
H |
H w Solar
830
P N\ = Nuclear
o B - e — 50
000 200 00 1200 00 120 00 1200 000 120 000 000 =LNG
11-May 12-May 13-May 14-May 15-May 16-May 17-May
90
- Suggested Scenario w Coal
0

BaU SS SW suU

0 200 00
11-May 12-May 13-May 14-May 15-May 16-May 17-May

& X Park et al.(2019)

o1g3tel ANOIIA sl&e] AH TEBCE =EH= ATE FANGt. ATAR
Bg dd ug Ba7h g BAAel BRI MY Be WEFE AHHE ZoE
Gtk J1gEqel mE u§ Pavt 4FHoE o " AGAIA =Yl
LAz WE o' Folk ¥ AW ATL BT AYL AT

86) &X{: Park, M., Barrett, M., Cassarino, T. G.(2019), “Assessment of Future Renewable Energy Scenarios in South Korea
Based onCcosts, Emissions and Weather—Driven Hourly Simulation”, Renewable Energy, 143, p1388~1396

87) &X: Park, S. Y. et al.(2016), “An Analysis of the Optimum Renewable Energy Portfolio Using the Bottom-Up Model: Fo
cusing on the Electricity Generation Sector in South Korea”, Renewable and Sustainable Energy Reviews, 53, p319~329
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(28 3-21] AlLt2I @ A7 MMM of 57

—

80,000

70,000
=
= 60,000
9
-
<
g 50,000 m Bio and Waste
<EI M Ocean
S 40,000 mHydro
=
E B Geothermal
é 30,000 ® Off-shore Wind
; B On-shore Wind
2
E 20,000 EPV
@
]

10,000

Baseline | 10%4 20% 4 Baseline | 10%2 20%4 | Baseline | 10%4 20% 4
2020 2030 2050

®EX: Park et al.(2016)

Vidal-Amaro et al.(201588)9] AF= TA @A AR o] HH 23S =&
AT eIH & ATl AREE | A] AakgES TREe R JdUA] o8 SHAE T
AE JAO] A YUxE AAste HHES ALsEATE A AR ALFFo] 2R S

lﬂ\:l
ot

g, wel AEY JoEde HA 71::—3& 5 43Tt EnergyPLAN
BRI, A4S R, A, e, S, Fe, ARl DL e BN A
AR AuEes AdsgTh Adeled d?ﬂ%% P

webg T, Jojdee Hrksle] WAme| 34 %
H790] 28& AT

F.&
i
T

<3 3-36> EnergyPlan 28 &8 A|L}2|2" of 4 X]|

Scenario Bio (MW) Wind (MW) PV (MW) NG-CC (MW) Subtotal (MW) Remaining power (MW) Total (MW)
HighRES-LowBio 3000 1000 27,000 35,800 66,800 30,493 97,293
5000 22,000 35,000 65,000 95,493
10,000 16,000 35213 64,213 94,706
15,000 10,000 36,185 64,185 94,678
20,000 1000 43,000 67,000 97,493
HighRES-MidBio 6500 1000 20,000 32324 59,824 30,493 90,317
5000 15,000 31,935 58,435 88,928
10,000 7000 35,300 58,800 89,293
15,000 1000 39,628 62,128 92,621
20,000 1000 39408 66,908 97,401
HighRES-HighBio 11,000 1000 1000 36,623 49,623 30,493 80,116

¥ EX: Vidal-Amaro et al.(2015)

88) =X: Vidal-Amaro, J. J., @stergaard, P. A., Sheinbaum—Pardo, C.(2015) “Optimal Energy Mix for Transitioning from Fo
ssil Fuels to Renewable Energy Sources—The Case of the Mexican Electricity System”, Aoplied Energy, 150, p80~96
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

LA ZE B GolE Ag BoRlAE AUde 23S A§H A gAY
9 ATE AN v AT @4 G199 ATANE J)FEs A A 5
AAe Slstel ASANEL Brste] SHNE EEAHE PPRL DBST, AAHL
AASG HeAz A, AP BE YL 5] ARALEY YR 2Fow
oA AEE A, ASBE GHEE B/HUT o|F T3l VAN JAAS
AR AEEYel he m3E deksty Adee 3 vaE i 4842 FUHS

No adaptation action taken
Climate O Adatation option
impact
risk

(,- ~\

_______________________ — = Safety
Adatation Pathway 2

Time

#74% R&D WAR  FA®  [JFWE5 Ay AL A% 5

(]
JAMAAA LA ET Y 9 HAFs - 353t HAOoA = Tier 1, 2 FFollA BriE
o) AFA A W (Multi-Criteria  Decision  Analysis, MCDA)E A &3te]  HAShA - 7]< 9]
HrleE A7, 7MEAE =& Tier 3 FFEAAE 2SR - 7|&o] IFS nA=

3
T SHGEAAE, A, A, ASAAGE S)e Brieta, ddo AIV|EE -3
A 7E 2FS AFTsdesd, Ter 3 FFEAAE HHE HZ &FA(Pareto
optimal solutions) 7IHE& &3l 7] gt

+FRESs AEste HEH A=ZE Z =

FFY AAAEE, BHHL FJH HE oiHl &3 #HoE& =dAZFXI(Net Present
Value, NPV)E S4HslA HZHEE = 1 =

Hl-§o] A& Alggte] A AAHI, AAHE Agto] WIS AX THH= FH=E

B ATE LAk BE WME BPOE FUSEE, J15Ws &g Ropur Bt
Wgol S oiH - sl%o] Hu, YIAAE A 2Asls MEFOR WHE ZHo] glo]
g AFIHANAE Tier 3 £F¢ Wt WHES S8o] FsT o= BodEch H3
Ao SEYHES B§ /t5T o BuHol Nk AE Qi HES AWT Bast

89) Exf s3] 9|(2019), 'MSZE TIBH XK 7|Hst Sl ZSIE flet oMY R T=E |, el REEEiEiR; | 102), p8d~102
90) AMStHef Faiom 37 RlEl HE =7} & AR $FolM 7Istist MSTA Xl fle o REERIR AXEIS THLSIICE Tier 1,2
TEOIM M3 7 |s WP =S JHdoh, MSTE 7lse| ciet TR @t 8l B EA A MSHE =5 =S M6t
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k=
U AR =9 FsAE B4 ATA
AR BhE 9 Bazg AU HHE /1T #AR0S 1HEAL o
R Psd AUFH AAAE AANNEA A =9 sfsAde] AEsp "yl B
BolHE olsh WA HMAATESS WBSE, FF CATAS AUzl B wad ek
RS R B,

FeuEke] ARl AR RS delldAlsEeld ExRE A - Al A
YA0200004 F7HE v vk WA M= AR A A S o8 AAF, 71
A, AR FAToR FESE AAStAL k. o232 FAFold A, FEHEER
AdzdRe e W oBHo® R IR oyAY
HAAFEE o84 AAF T AR - 714 At 8dS 1HAS wWo oA s, Al
HAAFT A, A 5 AFF 2l FSITHYTHLCOE) s ZAAH  207HA
aHEsRE W duA AdFE et olEd FEe HReE WAlA
I - D), TEEE - D), 8, ALEHT - AW, dH=F - = - 34 - 8
<=2h, Hole, FHIIEC tsted FAFES Briskth &§id Wb Ay =vF A
AAGANAA G g A 7PMARE Ao AT AAA ZholA Te =4
02 olluA AT B 2AVEE wlEd JUEE s fside Eu ARl ARV
Alsd ool AUt

fand
o
o
=
o
.}
\
i

Ay e o o X ol

AN

<I 3-37> =7t MM Yol AX EHAHZ oAt

Hu|g2t izl ZZ0l|Ax| EEERY
e @w) (Twh/&, *Twnth/'H) (10%0e/t) (10%oe/'H)
M OI2X | ZIEX | Al | ol2N | 7lEH | AR | o™ | TR AIE o2x | J=H A&
el e} 102455 973 369 |137,347| 1,314 495 111,811,842 113004 | 42570 (28980217 | 277,254 104,445
oH* 102,455 | 1,917 141 137,347 | 2,589 187 | 11,811,842 222654 16,082 |28980217| 546279 39,457
- 4 499 352 24 968 781 52 83,248 67,166 4472 204,248 164,791 10,972
siAs 42 | 387 | 41 | 1298 | 1176 | 119 | 111628 | 101136 | 10234 | 273878 | 248136 | 25109
43 - 28 12 5 245 | 4 9 21,156 35% 774 51906 | 8651 1,899
- FE* 2236 | 1256 | 334 | 557% | 982 | 29 | 4798456 80152 2494 | 1,772956| 196652 | 6119
=
AR 350 3 - 3066 19 - 263676 1,634 - 646,926 4009 =
T 296 72 = 2595 633 — 223,170 54,438 — 547,545 133,563 =
== 13 " = 111 46 — 9,546 3,956 . — 23421 9706 -
st me 1 8 | - 1128 40 | - | o8 | 30 | - | 28008 | 840 | -
e ! 1 - 557 a4 - 47,902 344 - 117,527 844 -
== At | 15 9 = 85 51 = . 7310 4,386 . = 17,935 10,761 =
HiO|2 -~ 12 10 0 89 72 3 7.654 6,192 258 18779 15,192 633
H7|E = 6 4 4 a5 32 32 3870 2,752 2,752 9495 6,752 6,752
2] 200020 5005 | 916 340678| 7730 | 926 29208308 654780 @ 79636 |71883068| 1631000 | 195386

¥EX: gh=oll 1 x| S £H2020)
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A4 2 q
A%, FHALAEG AR, A AYE, AMSARAY, 52, FESIYIE
52 aEsted WMAAYD AAE RS HHoE AAFE ATBe] o
FYPHAAT. A - oBAQR016VY]  AFoAME F H AHEEHS s
O LT - = 5 5L 2= 5 ST =
SETHDEA A A A Z8&S ¢ A= FHO HAAEH 2 z=A 0 tis)
AABEATE A AFEd afdEd FHAHWlE R AAE AT FEF, wFA=E,
BAHAE, ALRF A 5 F53ste A 1y AARES AT
<I 3-38> SHYM MX[X|H EX| J|E
3 o : i g g Order of
Condition Sub Condition Detail Condition Satisfaction Check e
Priority
Wind speed more
Wind Resource Portal than 5.5 m/sec Necessary 1
Wind Resource (elevation 50 m)
Terrain Type Simple/Complex” Optional 3
Access Road Less than 8% of slop Optional 3
i . : i Check the special construetion .
I'ransportation Installation Condition - “I':: ﬂnL A Optional 3
& Installation b
Connection of Less than 5
; i Optional 3
electrical gnd to 10 km priona
Ecological zones Below class 2 Necessary 2
Analysis of exclusion Backdudaegan Mountain Range Not Including Necessary 2
condition Area of Preservation Not Including Necessary 2
Landslide class Below class 2 Optional 2
Separation Distance of Private ?
Noise & Approval Epntion s lieance OF Trvale Optional 2
House
Administrative Military Communication Area Necessary 5

s ; F g Minimize of cities ;
Admimstrative District . Optional 5
and countries

Land Registration Map Less than 20% of Private Land Optional 4
Social Environment
Separation Distance

Civil Complaint (500 m ~ 1 km)

Optional 2
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AN2de] de 94 884 FRE 9% 7E 230 HHsE d8 7€y 74S 53
714 olF|HAHE At HEr|&o= A RESTH2], JSON®2l, 18]al Angular
71€0] Atk RESTHS 2 &3ty dAANSS HAH3 s, JSONW2AS S Web GIS
2= 9 A5A1EE HZS 3, Angulars &83) FHolA HSEEE FFAE 7 UTh
olg} Ze 7|ES gt AxH HolE w3 URLLZ HIT Woz /A shd]
225 AFIANIE AL T HAHS} & & on, A=Mus T A oz HE
ALgAbo Al ARE Al £5E5 T4, =3 Edge, ChromeS H| &3 thFsl Bal$-A o
et ZE2IP ] MEEEE HAYS 5 Joh

REST
) | EINGULAR
REST 4] JSON 4
— | — | —
REST 44| X288 S8 WEB GIS E& % AngularE 283t
AAES EXst 7|1 N=dS 2Eet 7= HO|X| BIS&£E 8 7=
R ke » Hjo[E] H& &H + DI(Dependency Injection) 8|
- Ax3iE 4 Ad : i
e e zoopimETEEOIR0E | | ZE SES S5 7l o
O Qa0 - l==SCrI Py
- ey =g ﬁ;;f%o% Naoiam A
}?HS;E 7?%“&%“2 ARy DI L0 B AP = XIS = SPA(Single Page Applica
) i 1 (8] pSi=Es
I8, BRISO0IN 20 % SO RS GRge | | (N5 IOREERETIE
ZM2 1510 MH EMAATE TR . E;@QQE}?’D ; R
- URL ®A12 ®gstoa iy - AERIEH 13 RS
OFEAM AL X[K5| S 2uAl ZEQAE HHSS THE HAl o e i
HEPIA 72 o 87| Saf AigRloj | | T TE5 TEAS BTOI0

HlolE gt ®|x{s}

- URL 2lA Fd ghjo2
i 2 ZBIE S5
AAE M Fxs)

& &£ x5}

KIEAHIA S13A| Web GIS
A= RE £3/H Amg
S0|YER HS
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I Sk el BaSE VX8 AUER 2Y AT ouX|dE T Saez

7}. REST(Representational State Transfer) w2

RESTE 7ZA@std &23T7l EAQ 7|$B2 o= Alxdle] HAS} FFd o]
frads EAse deolH nE HE rieolth =gE 289 dHoly dAs W<l
SOAP(Simple Object Access ProtocoD9} W3S W], REST+= URLWAOZ A0
A b, Avlx ARQA F27F #a iE A" At sid HA2 HolE
E o2 JSONES AR&3it),

(322 3-33] REST2t SOAP 7te| 7|= &4 dHju

= REST SOAP
2 ] - HTIP | © HE B2 WA (FTP, SMTP, MQ)
BlAA B YA : + URL I - XML
sy Mg 8y 1 . 2aazn 1 - ojAIx) mer
gt | - o579 | - 37t oime|
FEAI! E C 2IAA B | - QIETOIAS BIAIXIE B4
!

AfHIA L 1% Aagol 2 ¢ T4 AJARO) Z{

W XIAMH|A Alo] RESTS SOAP Zt0] MH|A & Q8 AA H|W

SOAP 4] A4

MapSarvice _MapServar mapsarvice = new MapService_MapSener():

mapsarvice.Ud = *htip!/fwww wamis.go ke 7749/ aregls frest/services/ \WAMIS_WEK/MapSarver/™
MapServarinto mapinfo = mapsarvice GatSarverinlolmapservice, GatDefaultMapMama()):
MapDescription mapdese = mapinfo, DetaultMap Description;

ImagaType Imgtype = new Image Type()

imgtype, ImageFormat = esrilmagsFormat esrilmagaPhNG:

imgtype. ImageReturnType = esrilmageReturmType esdlmageRetumURL:

imoano. nagergnt - 10 TS P

imgdisp, ImageWidth = 693, —

imgdisp.lmageDPl = 06

e madese - http://www.wamis.go.kr:7749/arcgis/rest/services/WAMIS_WK/Ma
Rik‘iiéiftlﬂﬂ"&il."s‘lf’mi:'E‘:JL‘::- pServer/export?dpi=96&transparent=true&format=png8&bbox=~
anvXMin = -121726,648806  121726,64889645407%2C—

env.xMax = 8114725527 46114,72562789235%2C691074.9767067972%2C503955.12461180

ene Mo < 503965 1246116 804&size=1024%2C693&f=image

mapdesc. MapArea. Extent = ¢
Maplmage mapimg = mapsel

+ REST #4/0| SOAP #40f B3} 2§20| S0|5101 ZHXIE e 7t (URL 4))
= REST &4{0] SOAP &40 Hlsf ZHeHE A4 TE
- BTO| S2M g0| 15 7| WAlOR 1Ot U K It

RESTS|

g4
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1. JSON(JavaScript Object Notation) 2]

dolgro]l 22 Ay AES 3 Woz JSONI XML HHajo] ALgHM, o]F
JSON2 737e] Holy wmehe 93 o=, A"l 3 doly A 3w 3l
AAAS FRT & vk JSONo| tiuz] Fyogs e ¢ ARE M2 o ¢ FH2

&

O

o
= —
§Fo2 HolHE AEF & Ytk AW, AW HolHE HAs EE doly A
=

[}
A% A= dst & v XMLEH e £22 AT 5 v Aot

(23 3-34] JSONt XMLe| T+ H|u

<employees> 1
cemploves> 2 "amployees [
<name>John Crichton</name> :1 £ T Jotin Ceichean™,
<gender>male</gender> 5 =gender™ male
</employee> ] },
<employee> 7 !
<name>Aeryn Sun</name> e o Sl
<gender>female</gender> ) o TS A
</employee> ]
</employeess> by
XML 4] JSON 4]
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