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Energy Modeling Experiences in Korea

® Econometric Models

— Short-term outlook

e Top-down Models
— National CGE model
— Global CGE model

e Bottom-up Models

— Long-term forecasting: energy & carbon dioxide
— EFOM-ENV



KEEI-Model: Overview

e Bottom-up Accounting Model

— Energy demand projection at disaggregated level
— Detailed base year analysis

— Energy demand = Activity x Intensity
e [ong-term Forecasting
— Energy and carbon forecasting

— Reflect socio-economic development: economic growth,
industrial structure, car ownership, home appliances etc.

— Take 1nto account technical progress and government plan

.



Forecasting Model Experiences

e KEEI Model has been used for about 20 Years
— MEDEE: Introduced early 1980s
— 1st version: Modifying MEDEE

» Used for 5 year economic planning(energy sector)

— 2nd version: Incorporate CO, emission module

e LEAP Model

— Introduced in 1994 for GHG emission forecast

— Based on useful energy demand

— Linked to EFOM-ENYV f{or final and primary energy
demand



KEEI Model: General Description-1

® Current Model: Revised Version

— Final demand sectors: Industry, transport, residential,
commercial and others

— Base year: 1999

— Data sources: Energy Survey 1999, and updated using
recent statistics

— Forecasting years: 2005, 2010, 2015, 2020
— Start with final energy, estimate primary energy demand

— Transformation sectors: Electricity generation, district
heating, city gas



KEEI Model: General Description-2

e Advantages

— Easy to understand: overall energy flow in both demand
and supply side

— Flexible: disaggregation according to data availability
— Possible to incorporate energy saving options
e Weakness

— No analysis for macro-economic feedback

— Difficulty in analyzing price effect

* limited possibility using econometric method



KEEI Model: Structure

Common Premises

Industrial Transport Residential Commercial &
Sector Sector Sector Other Sectors

Final Energy Demand Transformation Sector

Primary Energy Demand




Industrial Sector-1

® Disaggregation

— Agriculture, mining, manufacturing, construction
— Manufacturing: 8 sub-sectors

3 Energy-intensive industries: chemical, iron & steel, non-
metallic mineral(cement)

* 5 Non energy-intensive industries
® Energy Uses
— Material for energy-intensive industries

— non-electricity fuel, electricity for each industry
— Not useful energy, but final energy



Industrial Sector-2

® Material Use

— Intensity measured in terms of production quantity
* Naphatha for ethylene production
 Coal for pig iron production

« * coal for (cement) clinker production : (fuel)
e Electricity and Fuel

— Intensity measured in terms of value-added

— Estimated by regression method
e Fuel Share

— Extending past trend, environmental regulation, etc.

.



Transport Sector-1

e Basic Equation
D, = ;J.Z(Vi x L x By)

D,. = Energy demand in transportation sector

V. = Traffic volume of mode 1(pass.-km, ton-km)
[, = Energy intensity of mode 1, fuel
B; = Fuel share (>3 B; =1)

e Estimation

— Traffic volume: Car ownership, GDP elasticity, past trend
— Energy intensity: past trend, other countries’ case

— Fuel mix: survey results, fuel switch, new fuels(CNG, etc)
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Transport Sector-2

® Passenger transport (8 sub-sectors)
— Unit : pass.-km, energy/pass.-km
— Road : 4 sub-sectors by mode

» Vehicle stock, pass./vehicle, mileage

— Non-road : 4 sub-sectors by mode
e Freight transport (4 modes)

— Unit : ton-km, energy/ton-km

e International Transport (4 modes)
— Auir, ship (passenger, freight)
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Residential Sector-1

e Basic equation

D,= TX(HXLXB,)+ZE(HXE)

r

— D, : residential energy demand

— H : number of households

— I : energy per household for use 1

— E,: electricity demand per household for use 1 and appliance k

— 1:use (heating & hot water, cooking; cooling, lighting, electric
appliances)

— ] :energy type

— Pj;: fuel share for use 1 (% Bij = 1)
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Residential Sector-2

e Energy intensity (per household)

— Heating/cooking : estimate by regression using
household income, family size, fuel price, trend

— Electricity: related to house space, income
e Electric appliances
— Ownership : estimation using Compertz curve

® Fuel share

— Heating : city gas, district heating, solar estimated; coal
to be phased out, heating oil as residual
— cooking : city gas, LPG as residual

.
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Commercial Sector

e Equation and Method
D= ZX2X(S, <XI[; ¥XBy)

C

— D, : commercial energy demand
— S, : building space of sub-sector 1
* GDP elasticity and the case of Japan
— I;; : energy intensity for sub-sector 1, use |
« AEEI and income effect considered
— Bjj : fuel share for sub-sector 1, use |
— 1: sub-sector (3 sub-sectors)
— J: fuel use (heating, cooking, cooling, electric motor, lighting)
— k : energy type

.
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Public & Other Sector

e Energy Demand
— GDP

— Intensity
e Very Simplified

1, 5PV
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Energy Transformation

e Energy input for transformation to be calculated

e Electricity Generation
— Based on electricity demand
— KEPCO’s long-term plan considered

* Hydro, anthracite: existing plan
* Nuclear & oil: planned capacity, operation rate to be modified
* Coal and LNG: residual, equal share

e City Gas
— National pipeline plan, LPG as residual

e District Heating
— LNG, oi1l, waste incineration, heat from electricity
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Industrial Energy Demand

1999

Coal 17.8
Petroleum 47,5

naphatha 27,8
City gas 2.9
Electrcity 10.4
Others 1.6
Total 79.9
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Primary Energy Demand

1999

Coal 210%
O1l 23.0%

Non-energy  16.8%
ING 9.3%
Hydro 0.8%
Nuclear 14.2%
D 10%
Total 1814

2000

21.0%
03.9%
16.2%
9.1%
0.6%
13.9%
1.0%

19.1

2005

206%
01.0%
14.6%
11.6%
0.5%
14.6%

1.2%

2308

2010

204%
20.0%
15.3%
124%
04%
10.6%

1.2%

270.1

2015

19.8%
48.1%
12.2%
14.1%
04%
104%

1.2%

307.1
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Energy Outlook
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Energy and GHG Indicators

Unit 1999 200 210

Primary Energy MIOE 1814 2358 2h.1
Per capita Ener.  TOE 387 48 543
Energy/GDP  TOE/won 042 038 0.3

CO2 Emission  MIC 1113 1464 1706
Per capita COZ2 1C 2.8 29 397
CO2/GDP TC/won 025 024 021
COZ/Energy  TC/TOE 061 062 062
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Energy Related Issues

e Energy demand grows steadily, but at slower pace

— Moderate economic growth
— Industnal structural change

— Energy demand saturation in some sectors

e Electricity and Gas Demand
— Grows faster than expected
— New additional capacity necessary

— Additional import of gas to be considered



Modeling Issues & Future Development

e Trade-off between Disaggregation Level & Data
Availability

— Special survey data ?
e Effect of policies and measures

— How to incorporate in the model

— Way to analyze price effect
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