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1. Introduction BB\ orea orsTRICT HeATING cOR
To elimi ' ) =

@ The Korean government established a public utility, the Korea District ?Heating Corporation (KDHC),
in 1985 in order to expand the district heating system (DHS). The DHS is considered to be best for
the supply of residential heat (RH) in urban areas with high population density.

® What do we need to evaluate projects?

» In the public arena, formal feasibility analysis is typically used for project evaluations.

* Anew public project of DHS construction should be assessed in economic feasibility analysis
framework.

» Cost-benefit analysis (CBA) is an analytical tool for judging the economic advantages or
disadvantages of an investment decision by evaluating its costs and benefits.

® How, then, are the benefits and costs estimated?

* The costs of a project should be measured in terms of opportunity cost.

« Valuing the benefits is more difficult job than measuring the costs

* In economics sense, the benefits ensuing from the consumption of a goods are measured by the
area under the demand function for a goods.
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1. Introduction BB\ orea orsTRICT HeATING cOR
_Information-about economic-benefits-is-highly-necessary

@ For efficient project evaluation and management

« Scientific and academically sound information about the economic feasibility of a DHS project is
widely needed.

« CBA can be a valuable and helpful tool to determine whether to implement the DHS project or not,
though it is not the only tool for decision-making.

« To conduct a CBA of a project, we must value the benefits and costs of the project exactly.

* The economic benefits of consuming 1Gcal of heat produced through DHS means how beneficial
to the consumers the DHS is.

@ For developing demand and marketing strategies

« Various heating systems, such as DHS, individual heating system (IHS), central heating, and etc.,
Is competing with each other in the market of Korea.

» Selecting one heating system among them should be based on the public consensus, which can
be promoted through the CBA of a DHS project.
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1. Introduction BB onsn orsTecT HeATING CORR

_Definition of benefits

Benefits are approached from a national perspective, not from the individual
business, it should be distinguished between benefit from economic
feasibility and financial profitability.

Benefit : Project’s contribution to national production or social welfare
Therefore, the distinction between price and value is important.

Depending on who enjoy the benefits, the benefits are divided into consumer
and producer benefits.

Consumer benefits are incremental amount comparing a scenario
with-the-project with a counterfactual baseline scenario without-the-project.

In general, district heating system (DHS) is known to provide consumers with
much more benefits than other heating system. However, there are still small
number of studies that deal with the guantitative measurement of the
consumers’ benefits of DHS.
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1. Introduction AP womes cvemct s oo

__Eeonom&c-oppreeeh S—— Qi -——spe———
® The benefit can be estimated in possible alternate way

Alternate Approach
Economic Approach Non-economic Approach

A technique for collecting data based on A technique for evaluating values based on
economic theory and then evaluating engineering or accounting costs, not on
values through statistical analysis economic theory

-
Benefit

» D o
Replacement Control Restoration
Preference Preference cost cost cost

Revealed Stated

transfer

Method Method - . approach L approach 1. approach

“J

The benefits can be estimated based on an economic approach first, but only if the economic approach is not
easy to apply the non-economic approach can be applied.
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2. Classification of the benefits of DHS AP conen orsTRCT HeaTNG cOR

® Types of the benefits

Type Benefit Main information

Residential heat

Consumption benefits Using heat for heating by consumer

Improving the convenience of facility repair and

Value- Convenience benefits management by administrator
added Avoiding the risk of accidents due to individual heating
creation boilers
. Increasing value of house and extending free space
Increase in property value L .
compared to individual heating system
Supplying compared to other heating methods, such as
Cost reduction benefits reducing investment cost, operation & maintenance cost,
rate, and etc.
Cost
reduction

Reducing greenhouse gases and pollutant emissions
Non-market external benefits | produced by the energy sector by substituting with district
heating, which is more efficient and sustainable energy
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3. Review on the consumers’ benefits of DH
_Residential heat consumption-benefits—-

® Approach adopted here

» The economic theory implies that the economic benefit of the RH
consumed is the sum of consumer surplus (CS) and consumer
expenditure for the consumption.

v Alexander et al. (2000) suggested a simple formula for CS that is based on

only two values: the revenue from a commaodity sale and the price elasticity
of demand for the commodity.

® Methodology and data

Methodology and data

Details

Methodology Demand function approach

Model Lagged dependent variable model
Residential heat consumption and

Data

sales covering the period 1988-2013

- KOREA DISTRICT HEATING CORPR

Hevenue

2 % Price elasticity
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3. Review on the consumers’ benefits of DH A onea orsmcr vea conn
_Residential heat consumption-benefits-

® Estimation results of consumer surplus and economic benefit of residential
heat (RH) consumption in 2013

Unit economic b

Sales of RH |  Amount of | Average price of RH Price | Economic benefit of enefit of RH Ratio of econo
(Million Korean RH sold (Korean won | elasticity RH (Korean won per mic benefit to
won) (Gcal) per Gceal) of RH | (Million Korean won) G(?al) price
1,071,555
PSR 87,870 1,836,951 150,634
(USD 1’02|ﬁor:)' 12,194,782 wspsa1) 0799 (usD 1,758 million) (USD 143.8) 1.7l
» The CS for RH consumption in 2013 is computed to be KRW 765 billion (USD 732
million).

» This value corresponds to KRW 62,764 (USD 60.1) per Geal.

» The consumption benefit for RH in 2013 is calculated to be KRW 1,837 billion (USD
1758 million).

» This value amounts to KRW 150,634 (USD 143.8) per Geal in 2013.

The exchange rate was USD 1.0 to approximately KRW 1045.
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3. Review on the consumers’ benefits of DH A onea orsmcr vea conn
_Residential heat consumption-benefits-

@ Case study

» We can incorporate the value into the economic benefits of a DHS
facility construction project and compare it with the economic
costs of the project.

» Application : The project of 1000 Geal of RH supply

v The present value of the consumption benefits : 1.97 billion
v The economic benefits : KRW 150.6 million

v (=87,870 per Geal x 1.71 x 1000 Geal)

v The present value of total costs : KRW 1.0 billion

v The benefit-cost ratio : 1.97 (greater than 1.0)

» The new DHS project is socially profitable and should be
immediately implemented.

1124



3. Review on the consumers’ benefits of DH AP conea orsTRCT HeATIG cOR
_Convenience benefits

@ Korean residents prefer DHS to IHS because DHS Individual boiler

provides convenience and safety in their living
environment. ’ & Accident at 30-Aug, 2014

® The DHS does not demand an individual boiler, . y,,_ £
which can significantly increase consumer m e
convenience and safety.

@ Occasionally, individual boilers may explode. Over {e w7 ' &
the period 2008—2012, for example, 16 people were o °|E°|ﬂ 7 M‘H 24 gg 35 N
killed and 110 people were wounded when individual Risk of gas leakage, explosion
boilers exploded.

® For these reasons, some 200,000 households have
voluntarily changed their heating system from IHS to
DHS, even though the change meant considerable
cost.

Management in person
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3. Review on the consumers’ benefits of DH AP vonea orsTCT HEATING CORR

_Convenience benefits —

Consumers can utilize the space formerly taken up by a boiler as storage space,
and so converting IHS into DHS can substantially expand living space.

Consumers using IHS are sometimes confronted with trouble in their boilers, and
particularly during the winter season, this can cause great inconvenience. A boiler
usually requires operation and maintenance costs, as well as repair cost.

However, the costs required in the DHS are included in the DHS bill, and thus the
DHS-based RH consumers pay just the RH charges.

In summary, it is expected that the DHS will be expanded in Korea to meet the
increasing demand of residents and to implement the national plan of increasing
the DHS. The Korean government thus requires information about the
Convenience benefits of DHS over IHS for consumers.

This study is to assess Korean households’ willingness to pay (WTP) for DHS over
IHS, for residential heat.
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3. Review on the consumers’ benefits of DH AP oma orsT HeaTG com
_Convenience benefits —— .

® Procedures of applying the contingent valuation (CV)
» CV'is a standardized and widely used survey method for estimating WTP

Decide object to be valued
CV (contingent valuation)

. : .. * A survey-based value elicitation
The explanation about a hypothetical market scenario in a survey

approach
‘ * queries consumers in systematic
Respondents are informed of how much they should pay for the proposed ways to estimate their WTP for a
quantity or quality

proposed policy or environmental
management program.
* By applying the CV method, it is
The survey wielded 1,000 usable interview possible to recover non-use or
existence values that cannot be

assessed through market

The WTP elicitation from CV survey mechanisms.
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_'. KOREA DISTRICT HEATING CORPR

3. Review on the consumers’ benefits of DH
_Convenience benefits
® Results

» This value can be interpreted as the consumer’s convenience benefits of
DHS over IHS, and amounts to approximately 6.0% of the average price:
KRW 96,510 (USD 92.4) per Geal in 2013, for IHS-based RH.

» This information is useful for evaluating changes to the method used for
supplying RH from IHS to DHS.

the mean additional WTP
1 : KRW 5,775 (USD 5.5) per Gcal

the average price of

IHS based RH in 2013
: KRW 96,510 (USD 90.4)
per Gcal v

The exchange rate was USD 1.0 to approximately KRW 1045.
15/24
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3. Review on the consumers’ benefits of DH AP oma orsT HeaTG com
_Convenience benefits —

@ |mplication

» Economic evaluation is important because it helps ascertain
whether the public favors a proposed DHS project for RH supply,
as well as estimating the degree to which it is willing to pay for
such a benefit.

» This study seeks to utilize the CV approach to show that the mean
additional WTP for DHS-based RH over IHS-based RH is estimated
to be KRW5,775 (USD 5.5) per Geal.

The exchange rate was USD 1.0 to approximately KRW 1045.
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3. Review on the consumers’ benefits of DH

_Increase in property value

-'. KOREA DISTRICT HEATING CORR

® Korean government is seeking to investigate consumers can utilize
the space formerly taken up by a boiler as storage space, and so
converting IHS into DHS can substantially expand living space.

Methodology

Methodology | Hedonic Price Method
Estimation Least absolute
method deviations estimation
Information on real
Data estate sale and
statistical yearbook

s leclfie. eer Jep
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3. Review on the consumers’ benefits of DH
_Increase in property value

- KOREA DISTRICT HEATING CORPR

@® Hedonic Price Method

»

With regard to the property market, houses can be described through their
structural characteristics (e.g. number of rooms), locational characteristics (e.g.
proximity to schools), neighborhood characteristics (e.g. crime rates) and
environmental characteristics (e.g. road traffic noise).

The hedonic price method should identify the contribution of each significant
determinant of house prices in order to estimate the marginal WTP for each
characteristic.

The economic benefits from one heating system over other heating system can be
captured by the expected increase/decrease in property values.

Through statistical techniques the method tries to isolate the implicit price of each
of these characteristics.

The total increase of the estate value is a good proxy of the socioeconomic benefit
of the project.
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3. Review on the consumers’ benefits of DH A con sy HeaTG conr
_Increase-in property value 2
@ The procedures of applying the hedonic price technique

Gathering the data on the apartments for sale in the study area

- .

Setting Hedonic price function of a bundle of characteristics

-

Estimating the housing price equation using some statistical methods

Hedonic price equation: 7= f(Q,....Q..... Qx)
aPy

Marginal implicit price of @, : 0
(s

Deriving the implicit value of heating system from the estimated equation

-

Measuring the economic benefits of DHS over IHS from the perspective of housing price
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3. Review on the consumers’ benefits of DH B conea oIsTRICT HEATING COR?
_Increase in property value

® Premium for DHS
» The premium for DHS over IHS is KRW 50.2 million (USD 48,035), which is
KRW 3.13 million per year (USD 2995).
v This information can be beneficially utilized in evaluating a new
project to change the heating system of supplying RH.

1

KRW 50.2 million ll'ncrease of comforf
Value of ‘ KRW 176.4 million of DHS compared
District to IHS due to the
Heating Value of l reduction of boiler

Individual .
Heating Value of Central room and stovepipe
Heating

The exchange rate was USD 1.0 to approximately KRW 1045.
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4. Overview of the case studies AP onea oisTmcr HeaTG coR?
_Summary——

® The quantitative information about consumers’ benefits, which is reported in this paper, can be
utilized in developing and evaluating a project of supplying a DHS. Some topics to be investigated
in the future study are also offered.

® Value added
» Residential Heat Consumption benefit
v Ratio of economic benefit to price is 1.71.
= This value corresponds to KRW 62,764 (USD 60.1) per Geal.
» Convenience benefits
v This value amounts to approximately 6.0% of the average price:
= KRWS5,775 (USD 5.5) per Geal

» Increase in property value

* The premium for DHS over IHS is KRW 502 million, which is KRwW 3.13
million per year.

The exchange rate was USD 1.0 to approximately KRW 1045.
21124



4. Overview case studies A conea orsrcT HeanvG coRn
_Case studies—

@ Application : The new project of 1000 Geal of RH
supply

» Economic benefit of Residential Heat Consumption :
KRW 150 million (USD 143.8)

v KRW 87,870 per Geal x 1.71 x 1000 Geal
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4. Overview case studies A conea orsrcT HeanvG coRn
_Case studies—

@ Application : The heating system change project of
1000 Geal of RH supply

» Convenience benefits :
KRW 5.7 million (USD 5.5 thousand)

v KRW' 96,510 per Geal x 6% x 1000 Geal

» Increase in property value :
KRW 3.13 million/year (USD 2995/year)
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Thank You for Your Attention!
Any Questions?

Korea District Heating Corporation
Frontier Research & Training Institute
Senior Researcher, Seul-Ye Lim

E-mail : sylim@kdhc.co.kr
Office : +82-31-8014-9609 ANDIDEA2018
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