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Seoul Plicies That Work Environment

Diesel Vehicle Emission Control Devices

Jong In Don / Sang Gu Yeo, University of Seoul*

1. Policy ImplementationPeriod

Seoul is located in the heart of the Korean Peninsulasasdriounded by high mountains like

Bukhansan, Dobongsan, and Gwanaksan, like a basin, which inhibits air dispersion at weak

winds. Recently, with the population increase in the metropolitan area, the air pollutants
generated fr om Chhave afiected thenrdgiors. Withiremdrd ta thet condition

of Seoul 6s artificial environment , andlazof popul at
2014, more than 10.8dllion people are living in the city. Automobiles, which are the main

cause of air gllution, increased from 450,000 in 1985 to 3,010,000 in 2014, showingfal®.7

increase.

Except for the days when yelleslust storms occur, the annual PM10 concentration in Seoul has

shown a decreasing trend since 2003, and as of 2014, théuBheorentration is 44 /

Fine dust shows a seasonal pattern. Thedims concentration is highest in spring due to the
yellow dust, followed by winter, with the highly stagnant atmosphere frequency caused by
heating and radiative cooling. Its concentration is lowest in fmnwith high amounts of
rainfall. In addition, fine dust has seasonal characteristics; its concentration is highest in spring,
when yellowdust storms frequently occur.

To prevent environmental damages due to fine dust, protect the health of the ctizkosate

a comfortable environment, the government has established air quality standards and has
ensured the adequate maintenance of the air quality in Seoul despite the changes in the
environmental conditions. In 1993, fine dust (PM10) was includdtiénnational air quality
standards.

In addition, with the revision of the Environmental Policy Framework Act on December 4, 2006,
an enhanced standard compared to the existing environmental standards has been applied from
January 1, 2007, and ultfime dwst (PM2.5), a new item, was added and has been applied from
2015.

! Translation by ESLE
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Tablel. National and Seoul Air Quality Standards

Item

National standard

Seoul standard

Measuring method

Sulfur dioxide (SQ)

0.02ppm/year
0.05ppm/day
0.15ppm/hour

0.01ppm/year
0.04ppm/day
0.12ppm/hour

Ultraviolet

fluorescence method

Fine dust (PMy)

50 /milyear
10Q /mé/day

5Q /milyear
10Q /mé/day

Beta absorption

method

Fine dust (PM5)

25 /milyear

25 Imilyear

Weight concentration

method or equivalent

50 /m¥day 50 /m’day automatic measuring
method
0.03ppm/year 0.03ppm/year
Nitrogen dioxide Chemical

0.06ppm/dg 0.06ppm/day
(NO2) luminescence method
0.10ppm/hour 0.10ppm/hour
0.06ppm/8hr 0.06ppm/8hr UV photometric
Ozone (Q)
0.1ppm/hr 0.1ppm/hr method
Non-dispersive
Carbon monoxide 9ppm/8hr 9ppm/8hr
infrared analysis
(CO) 25ppm/hr 25ppm/hr
methal
Atomic absorption
Lead (Pb) 0.5 /milyear 0.5 /milyear

spectroscopy

Benzene (6Hg)

5 Imdyear

5 Imilyear

Gas chromatography

In 2003, Special Act on Seoul Metropolitan Air Quality Improvememtas established to
improve the air quality in the capital area, whereubelncheon, and Gyeonggi provinces are
located, and based on thi§eoulMetropolitan Air QualityCortrol Master Plan established in

2005 has set the target air quality improvement levels of PM10/4t8, NO2 22 ppb by 2014.

The detailed promotion plarof SeoulMetropolitan Air QualityCortrol Master Plan include

the automobile management, including production and operafimars and traffic demand
management; the totllad managemenfor large establishmenthe small and pollution source
managmentfor smallandmidium sized enterprises and towasd the ecdriendly energy and
urban management projects.

The 2ndSeoulMetropolitan Air QualityCorirol Master Plarwas established and announced in
3
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December 2013. The 2nd Special Measures for teeulS Metropolitan Air Quality
Improvement with the target period 202824 switched the policy direction from target

concentration management to risk to human health. According to the regulatioSpecial

Act on Seoul Metropolitan Air Quality Improvement Seoul 6s action pl an

Metropolitan Air Quality Management was established in 2014 to promote theéS@md
Metropolitan Air Quality Cortrol Master Plan, and detailed plans for ¢hreduction of air
pollutants by pollution source have been implemented to ensurfierudly traffic demand
control through the attachment of diesel particulate filters (DPFs) to diesel vehicles for low
pollution, postmanagement, strengthening of théowhbleemission criteria, spread of lew
pollution vehicles, exhaust gas management, dissemination of the weeklyving day
program, and review of the restrictions on driving diesel vehicles in case of failure to comply
with such lowpollution measuresto reduce the pollutants discharged from businesses, the total
pollutant control systems allocate yearly total allowable emissions and manage the emissions
within the range of the allocated amount for large businesses. In the case of small-aizeanid
businesses, promotion measures like the spread dfiendly energy and the expansion of the
clearrenergy supply have been implemented by strengthening the allegraldsion standards.

The Seoul metropolitan government selected the 20% reduction afinéirdust in 2015 as an
important policy project, and has strived to reduce the existing annual PM2.5 pollution level of

25 |/ to20 /

2. Background Information

With respect to the atmospheric environment of the capital area, the concentrditiendofst,

which causes lung cancer and premature death, reaches twice that of Tokyo. The social costs
due to air pollution amounts to an annual 12 trillion won, and the number of annual premature
deaths caused by fine dust is estimated to reach 20,0802 As fine dust, which, as said
earlier, is harmful to the human body, is mainly generated from diesel vehicles, measures to
reduce the finglust levels in the air in Seoul targeting diesel vehicles are needed, and therefore,
fine-dust reduction measwgdargeting diesel vehicles have been promoted in the air quality
management areas such as Seoul, Gyeonggi, and Incheon, based on the Special Act on Seoul
Metropolitan Air Quality Improvement.

According to OECD in 2002, the level of figist (PM10) pollubn in Seoul was the worst
among the large cities of the OECD count@&% host the 202 World Cup events in a more
pleasant environment, the South Korean government actively promoted policies and researches
on the spread of n@r low-pollution vehicles The Seoul metropolitan government proceeded
with projects involving replacing diesel buses with CNG buses and turningineid and large

old diesel vehicles into loygollution ones. The project of attaching an emission reduction

2 2011, Analysis of air quality improvement by pollution control measures , Ministry of

Environment
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device to diesel vehicdeis included in the project of turning old diesel vehicles into- low

pollution ones.

Meanwhi |

2000, and the number of deaths in Seoul cabgdihe dust was estimated to have been 1,940
concentrat.i

e

’

Seo

ul 6s

PM10

in the same year. To reduce the high Hfihe s t

metropolitan government established BeoulMetropolitan Air QualityCortrol Master Plan
which includes various impvement measures, among them the introductiofotdl Industrial
Site Volume Control System(TISVC8Y the end of 2003, the spread of tpallution vehicles,

and the management of exhaust gas from veBicle.

Some years before 1995, the number of registeebitles in Seoul showed a more than 10%

a

nd

NOZm3 aral38 epi,t r at i on

respectively, 1.88.6 and 1.41.9 times those of the major OECD cities. The social cost of the
capital area due to the damages caused by such air pollution was estimated at 10 trillion won in

on

n

t he C

rising trend annually due to the rapid industrialization and income increase, but the growth rate
slowed down from 1995. The total number of vehicles in South Korea in 1965 was only about
40,000, but the number webheyond 10 million in 1997, increasing more than 250 times in 30
years. As of 2014, the total number of vehicles in the city is 201.2 million, and the air pollution
problem caused by exhaust gases is becoming increasingly serious. In particular, &86 mill
vehicles, about 44.5% of the total number of vehicles in South Korea, are concentrated in the

capital area (SeouGyeeonggilncheon).Particularly 15% of the vehicles are concentrated in

Seoul, which also has a very high population density. Thugadlintion caused by vehicle
pollutants has become a very important issue in large cities.

Table2. Increase in the number of vehicles in the entire country and in Seoul

(Unit: 1,000

1975| 1980 | 1985 | 1990 | 1995 | 2000 | 2003 | 2006 | 2009 | 2012 | 2013 | 2014
P
5

8 | 201 | 528 | 1,113 3,395/ 8,469 /12,060 14,587 15,895 17,325 18,871 19,401/ 20,118
()
g
L

§ 85 207 | 446 | 1,194|2,043| 2,441| 2,777 2,857| 2,955| 2,969 | 2,974 | 3,014
n

At the end of 2014, the diesel vehicles in Seoul accounted for 33.1% of all ibkeyeh the

city, relatively higher than in other countries. The reason for this was that diesel oil is cheaper
countryos
diesel vehicles is slightly superior. In othewuntries, such as the United States, Japan, and

Germany, the diesel vehicles account for only 3, 13, and 18% of all the vehicles, respectively.

t han

gasoline

oi |

du

e t

(0]

t he

%2005, SeoulMetropolitan Air QualityCortrol Master PlanMinistry o f Environment
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With the improvement of the engine and emission control technologies, however, the supply of
diesel vehicles tmincreased due to their economic benefits.

Table3. Number of registered vehicles by type

(Unit: 1,000
Division 1994 1996/ 1998| 2000| 2004| 2006 2009 2010| 2012 2013| 2014
Total 1,9322,168 2,199 2,441 2,780 2,857 2,954/ 2,981 2,969 2,974 3,014

Diesel vehicles 433 | 473 | 471 | 542 | 797 | 848 | 854 | 863 | 899 | 937 | 997

Gasoline/gas vehicles | 1,499/ 1,695/ 1,728/ 1,899 1,983/ 2,009/ 2,100 2,118/ 2,070/ 2,037|2,017

In 2011, the air pollution emissions from vehicles totaled 135,637 tons, which accounted for
52% of the total emissions, and 81% of the CO emissions, efS#e nitrogen oxide (NOXx)
emissions, and 49% of the fhgeist emissions are generated from vehicles.

Unit : Ton s 135 607

140,000
120,000 17
100000 91,638
80,000 1~
A 100%
60,000 1~
_ 67.6%
40,000 1~ 27,867
13,275
. 42 856 1,143 .
_—— A 28% A
co N Ox SOx PM10 voC NH3

Total

— Source : National Institute of Environmental Research

Figurel. Pollutant emissions from vehicles

The 1st Special Measures f@eoul Metropolitan Air Quality seeks to secure the degree of

visibility of the open sea of Incheon from Namsan on a clear day. Towards this end, an about 4
trillion won budget from both the national treasury and the local fuma$ beerused for 10
years (20082014). Ninety percent of the total budget was allotted for thedielsklvehicle

6
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exhaust gas reduction project, and an action plan was formulated and implementadtd tu
diesel vehicles into lowpollution ones. The improvement target was set to 403 PM10
(Tokyo) and 22ppb NO2 (Paris).

The 2nd Special Measures f&eoul Metropolitan Air Quality seeks to realize a healthy 100
yearold era with clean air, and efforts were set to be made to achieve the goal from 2015 to
2024. The improvement targetvere set to 20/m3 PM2.5, 30 /m3 PM10, 21ppb NO2, and

60ppb O2, and the focus was expanded to include gasoline and gas cars, in addition to diesel
vehicles.

In the case of specific diesel vehicles, cars whose emission warranty period has expired in
accodance with Article 46 of Clean Air Conservation Act light cars and passenger cars
whose emission warranty period has expired in accordance with No. 3, Annexed Table 5 of
Enforcement Regulations of Clean Air Conservation A&nd vehicles whose emissio
warranty period has expired in accordance with No. 5, Title 4 are excluded from the
implementation of Clean Air Conservation Act as shown below.

Table4. Enforcement Regulations of the Clean Air Conservation Act [Annexed Table 5]

o _ Specific diesel vehicles _
Specific diesel vehicles ) _ Excluded vehicles
(excluding some vehicles

N o] . 2
N o . 1 N 0 . 3N o . AN o . 5
Until December 31 2@I.January 1, 20
ntil Uecember a1, On and éter July 1, 20@|0nand &er January 1, 20n and &er January 12009
June 30, 202

<Exclusions>

- Light cars (less than 800c
All diesel All diesel All diesel All diesel
- Passenger cars weighing
vehicles vehicles vehicles vehicles
less than 2.5 tons and wit

less than 8 passengers

Annex Table 18 of the Enforcement Regulatiofthe Clean Air Conservation Act regulates the
exhaust gas application period depending on the production period of the diesel vehicles.
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Table5. Enforcement Regulations of the Clean Air Conservation Act [Annex Table 18]

Production period | Application period Vehicle type
Small
Passenger cal truck
February 2,199%
December 31, 1992
On and lefore January 1. 193
December 31, 1997 Decrgmg,er 31 5 years,
1995 80,000
January 1, 1996
December 31, 85036?55’ 40,000
1997 '
Lightcar |Passengercal Small truck Heavy_tduty
vehicle
January 1, 1998 January 1, 1998 S years, i
December 31, 2000 December 31,1999 2009 | gggog | 60,00
January 1, 2060 5 years, 5 years, 5 years, 2 years,
December 31, 2000, 80,000 80,000 80,000 40,000
Lightcar | Passenger cal Multi -purpose Mid -sized car| Large car
January 1, 206dune car
30, 2002 January 1, 200dune | 5 years, 5 years, 5 years, 5 years, 2 years,
30, 2002 80,000 80,000 80,000 80,000 80,000
Passenger ca Passenger ca Passenger cal Construction
Light car 1/ passenger| 3/ truck 1/ 4/ truck 3 machinery
car 2 truck 2
July 1, 32;) Ozzg(g:embe July 1, 2002Decembe 5 years, 5 years, 5 years, 2 years,
! 31, 2002 80,000 80,000 80,000 80,000
5 years, 5 years, 5 years, 2 years,
After Janary 1, 2003 80,000 80,000 80,000 160,000 1 year, 20,000
Small
truck/mid - Large/ .
. Small . ultra-large | Construction
Light car sized .
January 1, 2006 passenger cat passenger passenger | machinery
December 31, 200€ carftruck carftruck
5 years, 5 years, 5 years, 2 years,
80,000 80,000 80,000 160,000 (- Year 20,000
nghél_zggg/ml Large Ultra-large | Construction
assenqer | P@ssenger | passenger machinery
On and &er January ! P g car/truck carftruck motor
2009 carl/truck
10 years, 5 years, 6 years, 7 years, 1 year,
160,000 80,000 200,000 500,000 20,000km
J 10 years, 6 years, 7years, |10 years, 8,00
On and ter January - 160,000 | 300,000 | 700,000 hours
2013
On and &er January ! 10 years, 6 years, 7years, |10 years, 8,00
2016 160,000 300,000 700,000 hours
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3. The Importance of the Policies

The rapid increase of automobiles accounts for 52% of the air pollution, and automobiles are
considered the main source of air pollution. The fine dust, eixgjutie inflow from outside, is
generated mostly from operating diesel vehicles. The more fuel an automobile consumes, the
more the air pollutants that it releases into the air, which will adversely affect the air quality of
Seoul. The air pollutants frorthe transport sector account for more than 70% of the total
emission of air pollutants, and among such air pollutants, those coming from automobiles are
increasing gradually.

Air pollution deteriorates peopl edBedimages t h and
caused by increased air pollutant emission are accumulated. As this problem is not contained in

an individual city but spreads to the surrounding areas, its seriousness is increasing. It is natural

for the number of automobiles to increasetah e peopl eds income and th
increase, bubDisel Particulate FiltersPF9 must be attached to diesel vehicles to significantly

reduce the emission of air pollutants from such vehicles.

The air quality of Seoul has improved substantiallgsidering that the concentration of PM10

decreased from 60 / in 2004 to 45 / in 2015. Since recently, however, it has been

increasing slightly due to the influx of air
Northeast Asia. The NO2 conceatipn has decreased slightly or has shown no change since
2008. The implementation of Phase 1 of the Seoul Action Plan on Air and Environment
Improvement is considered to have lowered the pollution level near the city streets, and to have
expanded the vibility distance.

The visibility distance data show much improvement owing to the better PM10 concentration in
Seoul 6s air. The visibility distance i mproved
average. The number of days with an over 20 km visildigyance also partially increased from

76 days in 2007 to 202 days in 2010, 274 days in 2012, and 205 days in 2013.

Seoul, however, still needed to make the owners of diesel vehicles follow the emission
reduction plan. Since January 2011, authorities mapéemented administrative measures such

as imposing fines on diesel vehicle owners who have not followed the plan 6 months after the
notice was given, with the intention of inducing their participation in the effort.

4. Results of the Project in termf Spreading Diesel Emission Control Devices

1) Promotion of the pilot project

Seoul carried out the {dse Diesel Vehicle Emission Reduction Pilot Project in 2004. The city
installed 280 DPFs and 150 DOCs (diesel oxidation cataliystty official vehtles and public

transit buses, and remodeled 450 vehicles into LPG (liquefied petroleum gas) vehicles, for a
total of 880 units. The expenses for DPF installation were fully shouldered by the government,
and those for DOC installation and LPG remodelingenshouldered evenly by the government

9
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and the city.

2) Full-scale implementation

After the pilot project period, the fuficale project began in 2005. With 50% of the project

expense shouldered by the government and 50% shouldered by the city, thehposmvered
a total of 12,130 diesel vehicle units to date: 7,789 DPF installations, 1,490 DOC installations,
2,814 LPG remodeling cases, and 37 early vehicle disposals. Since 2028%70f the
installation costs has been supported.

3) Mandatory instéation

In 2008, the city made it mandatory to install femission devices in ovgryearold diesel

vehicles weighing over 3.5 tons. It supported98% of the installation costs, 50% from the

government and 50% from the city.

In 2009, the city extendethe coverage of the {bse Diesel Vehicle Emission Reduction

Project to ovei7-yearold diesel vehicles weighing over 2.5 tons. It shouldere®59% of the
installation costs, 50% from the government and 50% from the city.

5. Policy Obijectives

The objetive of the IrUse Diesel Vehicle Emission Reduction Project is to protect the health

of the over 10 million Seoul citizens from air pollution, and to provide a more pleasant
environment for them by installing leemission devices in diesel vehicles, remoty such

vehicl eobs

engines

i nto

LPG

engi nes,

and

encou

dispose of their vehicles early. The city plans to complete the project by 2019, and to maintain a

safe air quality level by completing the installationlofv-emission devices or carrying out

other measures on the about 380,000 diesel vehicles in this city that were manufactured before

the year 2008.

Table6. Seoul Air Quality Improvement Targets

Division 2014 2024
PMuo 4Q /m? 30 /mé
PMzs - 20 /m?
NOx 22ppb 21ppb

Remarks: The target year for uliiae dust (PMs) was set to 2018 to achieve the target earlier.

* In- Use Diesel Vehicle Emission Reduction Project, Seoul Urban Solutions Agency

10
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6. Main Policy Contents

As of 2015, the city, through itsddse Diesel Vehicle Emission Reduction Project, has installed
low-emission devices like DPFs in 150,948 diesel vehicles.

According to theSpecial Act on Seoul Metropolitan Air Quality Improvemant local bylaws,

the city made it mandatory starting on January 1, 2008 to instattassion devices in ovéF
yearold diesel vehicles weighing over 2.5 tons whose-éomission guarantee period (2 years

for vehicles weighing over 3.5 tons, and 5 years for vehicles weighing under 3.5 tons) has
expired. The government and the cityouldered 8386.5% of the installatiocost. Likewise,

the aforementioned devices had to be installed in-dwerarold diesel vehicles weighing
between 2.5 and 3.5 tons starting in January 2009.

In particular, between 2013 and 2014, the city installed-N®4 simultaneouseduction
devices in106 large diesel buses as part of the Nitrogen Oxide fileadust inducer)
Reduction Demonstration Project. After analyzing the results of the demonstration project, the
city started expanding the project implementation.

Although the longerm effeciveness of the Diesel Vehicle Emission Reduction Device
Installation Project has yet to be evaluated, it can be said that the air quality in Seoul has been
improving based on the data obtained so far, such as a decrease in the number of days with 100

/m3 a more ultrafine dust in the air and an increase in the number of days with no more than

30 /m3 ultrafine dust. Moreover, the number of higimissionvehicle reports, which
indicates the citizensd per ceptainaticallydecreaced.e a i

The Diesel Vehicle Emission Reduction Device Installation Project was planned to be
implemented from 2005 to 2024 for improving the air quality in the capital area. Since 2009, it
has so far been implemented in five other metropotittes: Busan, Daejeon, Daegu, Gwangju,
and Ulsan.

It is very important to make sure that the installed emission reduction devices are working as
intended. Recognizing the importance of the inspection of such devices, the city has encouraged
the manufactr er s t o i nspect the devices regularly
team has been examining the vehicles with an installed emission reduction device, and has been
issuing device improvement or disposal orders to the people whose vdhitdesin the
inspection.

The owners of the vehicles with an installed emission reduction device can receive free after
sale (A/S) services during theygar warranty period (3 years or 160,000 km for DPF, 3 years

or 80,000 km for DOC or for the LPG remds)e Also, the owners of vehicles with a class 1
emission reduction device can receive free filter cleaning per year at more than 40 cleaning
centers in the capital area.

11
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According to theSpecial Act on Seoul Metropolitan Air Quality Improvemerghicleswith an
installed emission reduction device should be operated for at least 2 years after the device
installation, excepting unavoidable situations like a natural disaster, a fire, or a theft. Moreover,
the vehicle owners are required to return the detdcthe Korea Automobile Environmental
Association when they are to dispose of their vehicles.

If an owner removes the device without any valid reason before the mandatory operation period,
or fails to return it, the owner has to return the subsidy.

To handle the complaints regarding the installed emission reduction devices, the manufacturers
of the devices operate their own A/S call centers and cleaning centers. If any dispute between an
owner and a manufacturer occurs, the city will act as the arbiter.

The primary reason that DPFs are disqualified on account of their-pedermance, and

become subject to a removal order, is operating the vehicle under a severe environment falling

outside the certification criteria. Other reasons are the lack ofnmstgement by the

manufacturer and the vehicle maintenance failure of the vehicle owners. Theoretically, the DPF

can reduce the amount of exhaust emission by more than 80%. Therefore, vehicle owners
should do their best tormacdavdlai n t he deviceds

Once a vehicle owner removes the device frioen or his vehicle,she orhe is no longer
gualified to receive the corresponding benefits and subsidies. fileusar owners obliged to
pay the environment improvement charges and to regusaittjecther or his vehicle to an
exhaust emission test. Moreover, the manufacturer has to return the subsidy.

Realizing the broad characteristics of air pollution, Seoul, Incheon, and Gyeonggi provinces
decided to cooperate with one another starting 026 maximize the improvement of their air
quality, after collecting various opinions from experts and citizens. The subject vehicles are
diesel vehicles weighing over 2.5 tons, that are over 7 years old, and that have not taken any
corrective measure viiti n 6 mont hs after receiving Seoul 6s
does not pass the total emission gas test. Any of the three aforementioned local governments can
impose a 200,00KRW fine after a onenonth warning period on the owners of vehicles
without an emission reduction device found in their respective jurisdictional roads. Moreover,
they have set up an unmanned enforcement system using CCTVs on their main roads (e.g.,
Olympic Expressway), and have tightened the control over the vehicles wihusgsion
reduction devices.

A Current status of the install ation of t he Dr
March 2012)
-24 camera installations on 7 different spots o

A I mplementation of twrn@Syfemi(20i4ng Restri cti on Mor

- Caught 746 vehicles, issued a warning to 679 vehicles, and imposed a fine on 67 vehicles

12
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5 Exemplified points
@ Existing installation
—points

Figure2. Status of vehicle travel restriction system installations

DPF is installed in migized and large diesel vehiclesmd can eliminate more than 70% of the
exhaust gas by collecting pollutants like PM, depositing them in the catabtsd filter, and

then converting them to CO2 or vapor. Partial diesel particulate filtdbPH) is installed in
mid-sized and smallidsel vehicles (weighing no more than 3.5 tons), and its catalysts convert
pollutants to hazardless materials without a collection process, which relide§ pf any
postmanagement measure. D@sinstalled in small diesel vehicles, but its installatieas

been suspendesince 2010 due to its low cogb-benefit ratio of 10:20% performance in
reducing ultrafine-dust emissions. Since the fgltale implementation of the emission
reduction project with focus on the public transit buses and businesdegeini 2005, DPFs

have been installed in 89,423 diesel vehicles, and they are expected to be installed in 6,600
vehicles per year until 2019. According to tBpecial Act on Seoul Metropolitan Air Quality
Improvementand local bylaws, the owners of dielseehicles weighing over 2.5 tons, are over

7 years old, and whose leemission warranty period (2 years for vehicles weighing at least 3.5
tons; 5 years for vehicles weighing less than 3.5 tons) has expired can obtain subsidies from the
government and theity for 90-95% of the implementation cost for any emission reduction
measure, such as the installation of an emission reduction device.

13
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Table7. Status of DPF deviceend subsidyamount, effects)

- ! Emission reduction
overnmen .
Division i ?%%%Ct'ble Target effects
,000 won
(1,000 won)| ¢ ) PM(HC) | NO,
Natural large 5,575 511
Nat:lra;(;nid 5,232 477 Large: More than
1z 11,000 cc
Complex 10,056 959 o
DPE large Mid-sized: 6,000 | More than ]
Complex 11,000 cc 80%
mid-sized 7,809 37
Small: Less than
Com | Van 3,672 401 3,000 cc
plex
small| "¢ 3,764 330

The city inspects diesel vehicles frequently to iféleeir emission reduction device is working

properly and if their emission level is within the normal range. If any abnormal vehicle is found,
the city orders correctional measures and monitors their fulfillment. If any device is found to be
no longer sable, the city provides a free refurbished device in an attempt to promote the

contii
performance.

nuous

us e

of

t he

emi sSi

on

reduct. i

on

The diesel vehicles registered in Seoul andntieéropolitanarea (excludingcompactarsand
passenger cars) whose lamission guarantee period has expired under the Clean Air

Conservati

on

Act

ar e

designated

as

emission standards rather than with the general emissiorasiarfdr inuse vehicles.

nspecific

A specific diesel vehicle is allowed to operate only if it passes the detailed inspection and is
within the specified emission level range. If it does not satisfy the standard, the owner of the
vehicle must install an emission tetion device (DPF, DPF, or DOC), must remodel its

engine into a lowemission model, or must dispose of the vehicle.

When installing an emission reduction device on a specific diesel vehicle, its smoke
concentration has to meet the certification critefian emission reduction device. If the device

does not meet the standard, it is allowed to be installed only after fixing dedting the

device to ensure that it meets the standard. Only vehicles whose smoke concentration meets the
in-use vehicle emssion standard are allowed to be disposed of early .

Generally speaking, DPFs are installed in 4siwkd to large vehicles;-PPFs are installed in
mid-sized vehicles, or such vehicles are remodeled into vehicles with LPG engines; and DOC is
installed in snall vehicles, or such vehicles are remodeled into vehicles with LPG engines.
Since 2010, however, DOC installatidmas been suspendeand instead, small-pPPFs have

been installed in small vehicles since then.

The Korea Automobile Environmental Associati kept the maintenance expenses out of the

subsidies.

14
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When the manufacturessibmit an application for reimbursement of the maintenance expenses
along withsupporting documents to the associatibe association screens the applications and
then release the funds to the device manufacturEine maintenance cost shouldered by the
association includes a 300,06RW annual cleaning cost for 3 years for DPF during the
warranty period, and a 10,080RW monitoring cost.

Benefits such as exemption from the ieommental improvement charges and from undergoing
the precise emission test are granted to the vehicle owners who joined Heeniksion
initiative. The only compulsory condition for receiving the benefits is that the vehicle should be
operated for at kst 2 years after the installation of any emission reduction device.

The postmanagement of the installed device is also very important. Since the initiation of the
project, the city has realized the importance of jpa@hagement and has thus encouraged th
manufacturers to also focus thereon. The city has carried out inspections of the vehicles with an
installed emission reduction device bgganizingan inspection and monitoring team for such
purpose. The team has also issued correctional or removas erdenever needed.

7. Technical Details

As mentioned earlier in this paper, DPF stands
the particulates discharged from the vehicle engine at its filter, and then burns them (recycling)

in the engine. Mirough the repetitive trapping and recycling of particulates, the device can

eliminate more than 80% of the vehicle emission and thus has an excellent advantage over the

other devices in terms of performance. DPFs, in most cases, are installedsizedio large

vehicles. For small vehicles, DPFs were not available until 2007 due to the technological
limitation of such devices. The four technologies presented below are the internationally
accepted podreatment technologies, whose reliability, duragiland cost effectiveness have

proven that they are practical to use in reducing the air pollutant emission of modern diesel
vehicles.

Technology trapping the particulates (e.g., soot) from the vehicle exhaust and eliminating them
through a burner and/oehter

Continuously regenerating trap (CRT) to be <co
certain temperature with the catalyzed diesel particulate filter (CDPF)

Diesel oxidation catalyst (DOC), which oxidizes the gaseous matters in the exhausggas (e
hydrocarbon [HC], CO, NOx) and the particulate matters (PMs) in the exhaust gas (e.g., soluble
organic fractions [SOFs]) using catalysts; works similarly as the-thagecatalytic converter in

a gasoline engine

The technology that oxidizes harmfulhaust gas and PMs by systematically controlling the
engine control technology, the catalyst giopeatment technology, and the additive technology
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Table8. Type of diesel emission control devices

Pollutant reduction
Warranty
Division efficiency of the od Target pollutants Remarks
) perio
device
. 3 years or Diesel particulate
Firstclass More than 80%
160,000 km filter (DPF)
Particulate matter Partial diesel
3 years or ) ) ]
Seconeclass More than 50% (PMyp), nitrogen particulate filter
80,000 km .
oxide (NOXx) (PDPF)
3 years or Diesel oxidization
Third-class More than 25%
80,000 km catalyst (DOC)

1) Firstclass emission control device (DPF: diesel particulate filter)

DPF traps the PMs in the exhaust gas at the catalytic filter and eliminatebythi®irning them

at a temperature of over 5500C. It reduces the soot found in the exhaust gas from a diesel engine.
Soot consists of carbon and is produced by the incomplete combustion of coal, oil, wood, or
other fuels. If it is excessively accumulatédian reduce the fuel efficiency and performance of

the vehicle. DPFs are categorized in terms of the way that heat for burning PMs is provided.

Filter Wall

Soot particles :
® 500T, PM y

® Toxic gases :
CO, HC

PM capture m Filter regeneration
PM in the exhaust gas- Trapped in the PM-filter walls U Trapped PM(SOOT) oxidation

Capturing more than 90% of PM CO2, H20 emissions

: CLEAN
EXHAUST IN ) } EXHAUST OUT
' (CO2, H20)

Figure3. How DPFworks?
(Source: Korea Autontiile Environmental Association,

http://www.aea.or.kr/main_business/technology.php)
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= Matural regeneration method * Bumer-type forced regensration method
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Heater

Tl
=

=L

* Complex regeneration method

E-

Catalytic coated

Heater or bumer

fileer

Figure4. DPFregeneration method
(Source: Korea Automobile Environmental Association,

http://www.aea.or.kr/main_business/technolgdn)

PMs are classified according to the heat supply system required for the combustion, as shown

below.

Table 9. Heat supply system by generative method

Type Heat supply system Applicable vehicles
Naturat ) ) .
) Engine exhaust heat High-speed vehicles
regeneration
Forcel _ - S )
) Electric heater or auxiliary fuel injection Low-speed vehicles
regeneration
Complex Mixed use of the naturahnd force . .
_ _ Low- and highspeed vehicles
regeneration regeneration methad

The exhaust gas is burned again by the oxidation catalyst located at the opening of the DPF,
which decreases the size of the PM. These small PMs penetrate the filter and are released to the
air, but other PMs that are still big are trapped in the filteramadaiccumulated on it through the
repetitive process until the engine control system sprays the fuel to be burned in the DPF. This
burning fuel increases the temperature in the DPF, and the heat burns the accumulated PMs
again to make them smaller.
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Thepocess of spraying fuels to make the big
different ways of setting the timing of the regeneration. One is through the pressure differences
between the front and back of the filter (pressure difference sensery. ¥ehicle manufacturer

has a different set point for the pressure difference. Some check the engine performance
regularly based on its mileage to see how negatively the PMs affect the engine performance due
to the filter clogging and the resulting inased pressure in the exhaust system. Once it detects

a certain level of engine underperformance, it sprays fuel into the DPF. Other manufacturers use
an extra equipment (scanner) to set the regeneration timing. The pressure difference sensor and
mileage mehods are applied differently according to the engine control system type, vehicle
type, and DPF manufacturer.

The ways of increasing the temperature in the DPF to a point that is sufficient to burn the PMs
accumulated on the filter are most important andy. Some spray extra fuels into the PDF,

some use additives, some use an electric heater, and others use an extra burner. Due to the cost
issue, the most common method is spraying extra fuel into the DPF to incretmmpkeature

to over the regenerati point while checking the temperature with an exhaust gas temperature
sensor. Some manufacturers, however, are using additives for such purpose.

Although DPF reduces the PM emissions into the air, it increases the costs, decreases the fuel
efficiency, anl has short durability, which are the limitations of this emission reduction device.
Many studies have pointed out that the average lifespan of thepisling DPF in terms of
mileageis around 100,000 km.

2) Seconeklass emission control device-[QPF: partial diesel particulate filter)

Rolled like a cylinder with a paired layer of flat foil and corrugated felRF has a partially

open structure. Therefore, the exhaust gas passes through the space between the flat foil and the
corrugated foil. pDPF does not reduce the engine power or fuel efficiency because it does not
accumulate any PM on the filter, unlike the wiidlw-type filter. Moreover, it does not need
periodic management of the filter because ashes do not stay thereon.

@ S Flat Foll pM CO:
A . - °
17 /\ Corrugated Foll -
SIWLE e / \
ey T~ P
‘\ T~ /M
| 3T
\ ’ \;//
AV, // v/
\ e N A/ HC o .
T co PM

Figure5. p-DPF structure
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Catalyzed PDPF

PM NO +02~ NO2
h
PT-M2
’ R
Gaseous Soot+NOz2—> NO +CO2
Emission Soot+02 = €02
an (o |
- N [
® Functions of SOC e Functions of DPF
« SOF, THC, CO oxidation +«NO2 generation by NO oxidation
« Temperature rising effects « Soot combustion by NO2 and 0OS

by reaction heat

Figure6. How p-DPF works?

3) Third-class emission control device (DOC: diesel oxidation catalyst)

When exhaust gas passes through the DOC, it reacts with the catalyst. The DOC, in this
catalytic reation, purifies the exhaust gas by oxidizing the gaseous matters (e.g., HC, CO) and
the PMs (e.g., lubricant components, incompletely combusted fuels, SOFs).

nﬁ—r S—— 1 A o — e e,
Exhaust gas generated in the engine / , ) Purified air
> > } Oxidation catalysis ’ ’ > >
CO / Aidehydes | HC .
/ Y / CO2 H20

SOF / NO / SO

Figure7. How DOC devicecontrols emission
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Substrate I

Substrate channel Washcoat

Figure8. DOC structure

8. Policy Effects

The lowpollution vehicle project that has been implemented since 2000 has demonstrated the

effect of reducing the PM10 emissions of the vehicles in Seoul28p4 The concentration of

PM10 measured from an air quality aserement network at the roadsides of Seoul has
continuously been reduced through the years si.
similar to the annual environment al standard o
that the environmeat standard was met not only in the general air quality measurement station
(45.8 €g/ m3 in 2014) but also in the roadside

number of days when a high density of more than 100 occurs has decreased, ané th

number of days when a | ow density of more than
pollution from fine dust in Seoul has decreased, and the number of reported vehicles
discharging exhaust fumes has been sharply reduced. It of course carmutibder! that these
improvements were obtained only through the-fmilution vehicle project, but this project has

been evaluated to play a big role in achieving such results.
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12,000
10,000

10.956.10

8,000 7.213.00
6,000
4,000
2,000

M Planned
EReduced

4.807.28

2.338.54

PM10 NOX vVoc

Figure9. Reduction of pollutants by emission controlides (20072009) (Unit: ton)

Source: Analysis of the air quality improvement effects of pollution control measures (2011)

To reduce the NOXx in the air, the Seoul metropolitan government implemented the pilot project
of attaching a NOx reduction device #4 vehicles, like the attachment of a fRNDx
simultaneouseduction device to old construction machinery and large trucks from 2013 to
2017, to verify the feasibility of such measure, and expanded the project implementation to
beyond 2015.

Tablel0. Average exhaust gas reduction ratio through the implementation of theeNi@tion pilot

project

Project title/exhaust gas CO reduction NOx reduction PM reduction

Threeway catalytic
82.2% 88.4% 60.1%
converter

PM-NOx simultaneous
_ . 85% 70% 80%
redudion device

9. Challenges and Solutions

The project of attaching an emission control device to diesel vehicles has been carried out for
the purpose of reducing firgust emissions, and it was evaluated to be somewhat effective in
reducingd i e s e | finealsi emibs®ss.6The carbon dioxide (CO2) pollution level in Seoul,
however, has exceeded the environmental standards and has not shown a clear
improvementrend. Given that a significant portion of the NOX emissions in Seoul is
dischaged from diesel vehicles, there is a need for thegollution diesel vehicle project to

take into account the reduction not only of fine dust but also of NOX.
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In this regard, the Seoul metropolitan government proceeded with the project of attaching PM
NOX simultaneouseduction devices to 444 vehicles in 2013, including old construction
machinery and large trucks, and since 2015, it has been expanding and promoting the project
after the verification of its effects.
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Air Pollution Monitoring Network

Jong In Dong / Won June Lee, University of Seoul®

1. Policy Implementation Period

Since the Air Pollution Monitoring Network was first installed and operén 1973, the
government and local government bodies have been operating monitoring nefswdahes end

of 2014, the Ministry of Environment was operating 148 monitoring network stations while
local governments were operating a total of 506 stations in 97 cities and counties in the nation.
There were 11 types air quality monitoringstations €ity air quality monitoring statiorroad

side air quality monitoring stationacid depositionrmonitoring station background density
monitoring station suburban air qualitynonitoring station heavy metaimonitoring station
harmful material monitoring s$ation photochemicalpollutant monitoring statign global
atmospheremonitoring station and monitoring station ofPM 2.5 and air pollution

concentratiorf)

According to domestic regulationsn the installation and operatiof the air pollution
monitoring network, the air pollution monitoring networkhy and largedivided into two: the
general monitoring network and concentrated monitoring network. Theeet@ed of 10 kinds

of general monitoring netwosk The stations can be categorizeio either the general or
special air pollution monitoring network. General air quality monitoring stations check SO2,
CO, NOX, 03, and PM10. The stations are then further categoaintedational or local,
depending on the type of operation.

5 Translation by ESLE

6 Ministry of Environment, 2015, Annual Report of Air Quality in Korea, 2015
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Figure 1:Categorization of Domestic Air Pollution Monitoring Network
*Source: Ministry of Environment, Air Pollution Monitoring Network Installation and Operation

Manual, 2011

Seoul City began with fonitoring stations in 1973. Currently, there are 45 monitoring stations,
operating 65 air pollution monitoring networks. 25 districts are categoiiied central,
northeast, northwest, southwest, southeast areas for air pollution analysis and management
There is at least 1 or more monitoring network installed for operation for each district. Among
the 6 types of monitoring networks, the following monitoring stations have been recorded: 25
city, 14 roadside, 10 photochemical, 5 heametal, 10acid depsition and 1 visible distance
monitoring station. The listed order is according to the number of stations

Table 1 Seoul City Air Pollution Monitoring Network Operation (2015)
Photo Heavy Acid Visible
chemical Metal Deposition Distance

Category Total City Streetside

Total ‘ 65 25 14 10 5 10 1

Source: Seoul City Air Management Department
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Districts)
Seongdong Gwangjim
Dongdaemun Jungrang@
-Northeast : Seongbuk
Gangbuk Dobongh Nowongu (8
Districts)
Eunpyeon@ Seodaemun

-Northwest : o
Mapogu (3 Districts)
i Yangcheon Gangsed Guron
. Geumcheon Yeongdeungpo
Northsouth : Dongjakn Gwanakgu (7 Districts)
_Southeast - Seoch@ Gangnam Songpa

Gangdonggu (4 Districts)

Figgure 2.Seoul Air Pollution Monitoring Network Distribution Status

Seoul's air pollution monitoring stations have been operated with the following number of
stations until 2008: 27 city monitoring networks, 2 cleame and 9roadside networksAs

Seoul idargely affected bySeoul Metropolitanareas as well as China and the northwest
monsoon, the monitoring networks have beewrganized in order to bettemderstand and
manage pollutants that travel long distances, the components, density and travel routes,
pollutant statistics in border areas, anddside pollutant statistics. Seoul city curidgritas 25
stations, 1 for each district. The city also @tes 6 background monitoring networks: Gwanak
Mountain station has been installed to measure pollutants that travel long distances, Namsan
station for that of high altitude, and Bukhansan station to underdtarair quality of theclean

zone Moreover, ® manage the generational and changing statistics of pollutants from
automobiles, 12 stations have been installed on expressways. More stations have been installed
for exclusivemedianbus lanes and exclusive calanes. There are total of 14roadside ai
pollution monitoring stations being currently operated. Therefore, Seoul City is opertitad

of 45 stations (25 city stations, 6 background, 14 stiel) for the monitoring and
management of air pollutich.

Table 2 Seoul City Generand Special Air Pollution Monitoring Network Station Status

Category General and Special Air Pollution Monitoring Network

8 Seoul City Air Management Department Material
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Gener{Heavy VOC/| Acid Traffic
|Air | Metal BTEX| Rain Mercury lon EC/OC BC |PM-1 Volume HC | UV

City Air
Quality
Monitoring
Station
Roadside Air
Quality
Monitoring
Station
City
Background
Monitoring
Station
Other
(Researcher
Mobile Air
Quality
Monitoring 1 1
Vehicle (6
Units)

Total 47 5 12 10 5 4 5 2 8 3 15 10

25 4 7 8 4 3 3 4

14 4 1 2 3 15 9

Air pollution monitoring stations are located in various areas around Seoul which are said to
best represent each area's specific and idiosyncratic characteristic. The monitoring stations
automatically measure air quality 24 hours a day. &mesults are then sent to the Seoul Public
Health and Environment Research Institute, and released to the general public and citizens of
the city through its website. The measured values are sent to Seoul City and the Ministry of
Environment after a though search process. In orderetthance credibility ofalues, only the
statistics that have achieved more than 75% measured values during the designated period are
considered to be valitl.

Therefore, Seoul uses the measured air pollution statisticseocagirsituations and warn the
citizens on air pollution, evaluate air quality, and find ways to improve the air quality. The city
will continue to build new monitoring stations, change aged faciltids cuttingedge monitoring
facilities and push foan integratedinformation system for air environment, so as to ultimately
create the most trustworthy air quality management sy$tem.

°Seoul City, 2014, 2014 Seoul Air Quality Evaluation

Rep

“sSungKyunKwan University, 2010, Priority Ranking Analys

City
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Figure 3. Air Quality Pollution Monitoring Station Locations

2. BackgroundInformation

Korea has achieved and undergone periods of rapid industrialization and urbanization since
1960s and this has been reflected in the almost incomparable economic growth it has also
demonstrated. At the same time, the air quality of urban and industigal laas deteriorated.

More specifically, urban areas which have recorded rapid growth in terms of population have
also seen increases in heating fuel consumption and automobile use; these have resulted in an
increasingvolumeof air pollutants generated. Wepver, the situation is worsening by the day.

Air pollution in Korean metropolises continued to deteriorate over time and finally reached a
point at whi avérloobkedthereford, dariods actibns were required to improve
such a situation. Téh Environmental Conservation Act was enacted in 1978, and the
Environmental Office was created in 1980. A number of actions and policies began to be
considered.

SeoulMetropolitan GovernmentSMG) also went forward to improve air quality by expanding
the povision of low sulfur fuel and other clean fuels, or by attaching purifiers to automobiles.
However, the density of 1st pollutants exceeded general air environment standards.

To checkSeoul's air quality and analyze pollution, air quality had to be megsirseveral
locations at the same time. ThereforéM& installed the automatic aigquality pollution
monitoring network. The city started to measure air quality intiesd. An air pollution alert
system has been created to provide forecasts and veatititens so as to protect their health as

the air quality can have a considerable impact. Moreover, the measured air pollution statistics
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are used in various ways, such as analyzing to evaluate air pollution prevention policies,
evaluations to understanghether the environmental standards have been met, providing
information for forecast models or air pollution trend analg4is.

Air quality pollution monitoring stations are located in various areas around Seoul which are
said to best represent each aresggecific and idiosyncratic characteristic. The monitoring
stations automatically measure air quality 24 hours a day. These results are then sent to the
Seoul Public Health and Environment Research Institute, and released to the general public and
citizensof the city through its website. The measured values are seM@oaBd the Ministry

of Environment after a thorough search process. In order to secure trustworthy values, only the
statistics that have achieved more than 75% measured values duringigmateel period are
considered to be valit

Air quality measurement TMS Device (City, Seoul
{measurement station] City Public Health and
Environment Research
l Instituta)
TM5 Server, DB (Seoul S ——— Air Environment : Analysis, evaluation and
':“}’_ Public Health and Information Center DB [ website upload
Environment Research
Institute)
Nathm_mi Emri.mnm_ent Information shared to the
- Pollution Information administrative office
Center DB (Korea L(Wamis)
Environment Corporation)
Open to public
{Air Korea)

Figure 4.SMG& Air Quality Pollution Statistics Management System

3. The Importance of the Policy

The aim of a constant watch on air pollution had been about understanding the daily, monthly
and seasonakchanges, evaluating if the environmental standards have been met, and
understanding long term change trends. Howetleg, air pollution realtime monitoring
statistics are being used as part of a forecast warning system to protect citizens' healtbf as part
the plans to protect the environment, the evaluation of environmental impacts, city planning,
and traffic planning. The statistics are being used as impaitdat for evaluatiomefore and

after policy planning®

MSeoull nstitute, 1994, Efficiencies for Air Quality Monito
2seoul City. 2014 Air Quality Evaluation Report
¥sSeoul City, 2015, 2014 White Paper of Environment
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SMG began installing and operatingonitoring stations starting from late 1970s, in order to
watch air pollutants and tracke density changem air pollutant In the 1980s, semiautomatic
monitoring facilities were mostly used to observe pollutants. Starting from the late 1990s,
semiautomac stations closed and now automatic facilities are mainly being used.

In the 1990s, secondary pollutants such as acid rain, ozone, or photochemical smog became a
new issue for air pollution. The stations were then categorized into two types: standard air
quality monitoring network or special aguality monitoring station, with "2000s AiQuality
Monitoring Network Plans." The plans are modified every 5 years after then, reflecting new
needs for aimquality monitoring. Other than the standard materialsnitoring networks are

added for environmentally important pollutants in order to more successfully develop air quality
monitoring®*

4. Policy Objectives'®

Through "201312015 Air Quality Monitoring Network Operation Plan,” M85 adjusted
operating systerof the monitoring networks' according to the measured pollutants and size of
the stations. Thus, the overall management was able to become more systematic and efficient.

The major overall direction is to automatically operate general networks without human
resources so the general, special and comprehensive networks can be operated more efficiently.
For comprehensive stations, there must be multiple facilities placed in the same location, and
the facilities must be able to measure more than 2 pollutants.

Air pollutant concentration monitoring stations are operatethfobetter understanding dtie
air quality of themajor areas, component analysis, and to find the causes of the pollutants. The
stations include ktlepth monitoring and research functions.

Moreover, $1G is strengthening its management on harmful pollutants such as PM2.5 or
mercury. The networks have beerpandedo include both density monitoring networks and
component monitoring networks for PM2.5. This is to secure base materials to belp de
policy directions and evaluate whether or not the material has reached environmental standards,
as PM2.5 was finally included as part of the environmental standard elements in 2015. Also,
previous pollutant monitoring elements have been adjustedatieemercury monitoring, since

the material requires management and regulatioks $as installeda total of 4 mercury
monitoring facilities in 2015. To strengthen harmful heavy metahitoring the city has
included fine dust in sampling collection dtetheavy metalmonitoring stations and added
arsenic and beryllium.

14Ministry of Environment, 2009, -edmblishement af Air Pf ollutionRe adj ust me

Monitoring Network Plans

“Ministry of Envirosmerbt Ai201P0,l | uxGloln Monitoring Network
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5. Relevance withOther Policies

SMG provides measured air pollution monitoring information to the citizens through various
media channels such as the Seoul Air Environment Informghtip://cleanair.seoul.go.kr

YTN weather or Mobile Seoul. This is to protect citizens' health and promote the awareness of
environmental preservation, taking the role of both promoting the city's policieanaf tan

environmental watché?.
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Figure5. Seoul Air Environment Information Service Website

The Seoul AirQuality Information Service shows air pollution on a map for each district and
with quality levels represented by color. People are able tahsoresults for each monitoring

station, area, pollutant types and duration of time.

Air Pollution .
rdinar B Very B
Status Good Ordinary ad ‘ery Bad
Color Blue Green Yellow

Moreover, as well as protecting citizens' health and minimizing danger to the living
environment, the data is being utilized for forecasting and warning of air pollufaredust,
ozone), as well as being used as a much largér Batato better understand air pollution and

¥®sSeoul City, 2015, 2014 White
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to build air quality improvement policiés.

1) Fine DustForecast Warning System

Air pollution materials obtained from air pollution monitoring stations are used for air pollution
warnings and the forecasting system in order to protect the citizens' healthind fdst
forecast is designed to inform the citizens whigi density levels are expected. The warning is
to measure the statistics in ré@mhe and notify the citizens quickly when air pollution reaches
serious levels. The system aims to protect the citizens, espéoadbwith respiratory diseases,
children or elderly citizens that are more sensitive to air pollution.

The microdust forecast and warning system is based on the rapid increase of automobiles, and
the influx of highdensity microdust from China. The system is to promote citizens'
participation ly notifying them how to act at such times, and then recommend the use of public
transportation. Companies that emit such pollutants can also shorten their operation.

Air pollution forecasts are divided into 5 levels: good, ordinary, slightly bad, badieandbad.
Forecasts are provided at 6 p.m. the previous day and 7 a.m. on the same day.

Table 3 Fine Dust Forecast System in Korea and Guide for Citizens

Alert Level forFine Dust Density ( / )
Category
Good Ordinary Slightly Bad Bad Very Bad
Foreci pmy, 0~30 31~80 81~120 121~200 Higher than 201
st
'V'atle” PM.s 0~15 16~50 51~75 76~100 Higher than 101
a
Refrain from har
- outdoor activity
Sensiti Out.door agnwty Refrain from (People with .
with caution, . Restrict outdool
ve - . prolonged hard respiratory .
Action Group according to outdoor activity| disease, heart activity
ction " ,
health s .
Guide ealthconditions disease, elderly
citizens)
Gener: Refrain from .
Refrain from
! ) ) prolonged hard | 0o+ activit
Citizen outdoor activity y

*Permissible Level of Findust PMo: 24 hours 100 / , annual 50 / , PM:s: 24 hours 50 / ,

annual 25 /
*Sensitive Group: Children, elderly, adult with respiratory or heart disease

"Seoul Development Institute, 2008, Sk Traffig and Ar Approaches

Pollution Monitoring Data
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When the forecast is worse than 'slightly bad," hospitals and senior citizen centers are notified.

The dderly, children, and people with respiratory diseases are warned against outdoor activities

or exercise. When it is higher than 'bad', citizens are warned against using automobiles and
microdust generating businesses are encouraged to adjust theiroop&kéten it is higher than

'very bad,' the superintendent is notified so as to protect children and students' health. They are
warned against outdoor classes, and recommended to shorten school hours or have a day off.

Table 4 Details ofFineDust Alert Sytem in Korea

Target | Alert
Material| Level

On Standard Off Standard

Considering the weather factors, wiConsidering the weather factors in a
automatic monitoring station's houthat already have 'watch' signal, wl
Watch PMso density is higher than 150/ for@utomatic monitoring  station's hou

PMio L Considering the weather factors in ai
Considering the weather factors, w ] ..
that already have ‘'watch' signal, w

automatic monitoring station's hoy . " .
automatic monitoring station's hou

PMio density is higher than 300/ forPN|10 density islowerthan 150 / |, ther

more than 2 hours. \ I . ,
warning' changes to 'watch'.

Warning

Considering the weather factors, wiConsidering the weather factors in al
automatic monitorig station's hourlthat already have 'watch' signal, w
Watch PM, s density is higher than 90/ for@utomatic monitoring  station's hou

more than 2 hours. PM s density islower than 50 /

PMzs L Considering the weather factors in al
Considering theweather factors, wh ! L
that already have ‘'watch' signal, w

automatic monitoring station's hoy . " .
automatic monitoring station's hou
PM 5 density is higher than 180/ for

more than 2 hours.

Warning
PM s density islower than 90 / ther

'warning' changes to 'watch'.

When reattime statistics at the aguality monitoring network shows a higher density than the
standard, watch and warning signals are sent to recommend citizens against outdoor activities or
classes. Té schools are encouraged to take a day off. Citizens are also encouraged against using
automobiles. Dusgienerating businesses aaelvisedto stop operating, and the roads are
cleaned with water.
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Local district TV, newspaper Education Office Public Facility

| l

Send news to local residents

Hews, forecast session
announcernent
- Restrict outdoor activities
- Guide against wsing

- Apartments, senior citizen
center
- Hospital

Kindergarten, clementary,
middle and high school
outdoor classes prohibited,
consider canceling class day

Send news to citizens
- Park, sports ground,
palzes

- Subway, train, terminal

- Dust-generating business,
construction site

automobiles

Figure 6. SeoulFine Dust Forecast Warning Disseminatio System

When the microdust forecast is 'bad' or 'very badGSecommends against outdoor activities

for children, the elderly, or people with respiratory disease. When outdoor activity is
unavoidable citizens are encouraged to wear hygienic masksuaadhe 'Neighborhood Air
Quality' mobile application to get updates on microdust statisticsedwer, the citizens are
encourged to use public transportation such as buses or subways whenever possible, to reduce
microdust generation.

Microdust Warning

- Sensitive group is recommended to restrict
outdoor activity and stay indoors

- General public is recommended to limit
prolonged or intense outdoor activity (especiall
when there is pain in eyes, cough or sore throe

- In case of outdoor atty, wear yellow dust
(protective) mask (for people with lung disease
consult with doctor before using)

- Try not to go to areas with large traffic

- Limit outdoor classes at kindergarten and
elementary school

- Restrict public outdoor sports facilities

- Guideto restrict intense outdoor activities to
citizens at park, sports facility, palace, terminal
train and subway

- For sensitive group, prohibit outdoor activity
(consult with doctor before going outside)

- For general public, restrict prolonged or intens:
outdoor activity (stay indoors if experiencing
cough or sore throat)

- In case of outdoor activity, wear yellow dust
(protective) mask

- Do not go to areas with large traffic

- Prohibit outdoor classes at kindergarten and
elementary school, shorten school hours or
cancel class day

- Limit outdoor classes at middle and high schoc
- Stop operating public outdoor sports facilities

- Guide to limit intense outdoor activities to
citizens at park, sports facility, palace, terminal
train and subway

Figure7. Guide for Citizexs under Microdust Watch or Warning
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When microdust forecasts levels are higher than 'bad' {8), the citizens are recommended
to follow the guides as shown iffrigure 9>

>
Restrict prolonged In case of outdoor Carcfully wash hands Corsang GoaEh Wash fruits and - <
R wctivity, wear yellow and face after going vegetables well ose windows
L . 2 water g
outdoor activity F- K BT s

Figure9. Rules for Citizen's HealtivhenMicrodust Densityis High

2) Downtown Thermallmage released on the wWeb

Since February 200%he temperaturef Seoué downtown arehas been measured in réiahe

at the Jongrogu air pollution mioring station with a thermgraphic camera. The measured
thermal imageof the downtownis released to the public at the Seoul City Air Environment
Information (ttp://cleanair.seoul.go.krBased on the Jonggo air pollution monitoring station,

the temperatures in 5 directions (Namsan, Dongdaemun, Jonggak, Gyeongbokgung, Bukhansan)
are measured every 10 minutes. The results are displayed in colored images, starting from white
to blue, so that the temperatusnde understooat a glance

Large cities like Seoul demonstrate a thermal island efflbaith means the downtown area
shows higher temperatures than othgart of the citySurface temperaturesf buildingscould

BsSeoul City, 2015, 2014 White Paper of Environment
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increase up to 59 (August 8 2014) which is about a 30 difference from the highest
temperature, 30.3. This thermal island effect is due to the changed surface heat bafance
buildings and roads, the increase of automobiles and fuel use thedtgsrieeat, the increase of

air pollutants, and the greenhouse effect from pollutants covering the city's atmosphere, and
skyscrapers that prevent the wind from blowing.

Figure 11. Jongrogu Statios'Thermegraphic
Camera

Figure 10. Display Status of City's Thermal Ima

3) TheOperation ofSeoul Ozone ForecastVarning System?®

SMG commenced the ozone warning system in May 1st 1995, which was the first of its kind in
Korea. The city operates an ozone forecast and warning system from May 1st to September 15th
every year to minimize its impa®n the human body or the living environment. On the
previous day, the information is sent via SMS at 6 p.m. and uploaded to the environmental
information website. The santily forecast is sent in the same manner at 9 a.m.

YsSeoul City, 2015, 2014 White Paper of Environment
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Figure 12.Seoul Ozone Forestt Warning System Standard and Operation System

The ozone forecast and warning systeciudedcentral areas since 20hhscategorize the

city into 5 regions: central, northeast, northwest, southwest and southeast. When the ozone
warning is on, the ia environment information electroniboard and $1G's commercial
electronicboard broadcast media and the internet are used to inform the citizens. The elderly
are warned against outdoor activities, and the citizens are encouraged to use public
transporation.
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4) Air PollutionInformation Electronic Displaoard(13 locations¥

Seoul City has been operating the Banpo and Seongs®dintion Information Electronic

Display Board since December 1992, and took over the operation of thePAllution
Information Electronic Displayoard of the SMG an#Munrae from May 1993. The display

board of the SMG and Munragere originally installed and operated by the Ministry of
Environment. The AirPollution Information Electronic DisplayBoard utilizes the statists

gained from automatic monitoring networks to display air quality information in various
numbers so as to protect the citizens and promote awareness about the environment. It also
promotesenvironmental polies andserves agnvironmental watcher.

Density of designated pollutantse displayed in redlme, including [sulfurous acid gas (SO2),
nitrogen dioxide (NO2), ozone (03,), microdust (PM10), ultrafine particles (PM2.5), carbon
monoxide (CO)]. Environmentklated promotions and guides for citizemgarding ozone or
microdust warnings are also displayed.

Figure 13. Air Environment Information Electronic Display Example

5) N Seoul Tower Lighting Microdust Information Service

SMG alsoinforms pollution levels with Namsan Seoul Tower's lightisg,the citizens are able

to be informed and stay #p-date quickly and easily. Beginning in May 2011, the tower's light

is blue when the air quality is good, and red when the air quality is bad. Different colors are
displayed according to the conditiorhd service starts after sunset, until 10 p.m. (until 11 p.m.
for April to September). RecentlyM&5 changed its standard of 'good air day' to PM2.5 from
PM10 starting from 2015 February. This is since MG declared its intention to reduce
ultrafine paricles by 20% by 2018.

®sSeoul City, 2015, 2014 White Paper of Environment
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-
0~15pg/m? 16~50pg/m? 51~100pg/m? 101pg/m? O] 4
Good Ordinary Very bad

Figure 15. 4 Fine DustLevel andthe color ofSeoul N Tower Lighting

6. Main Policy Contents’*??

From the 1990s,8G has continuously sought the impravent inmonitoring network through

3 plans: 2 basic ones by the Ministry of Environment's air pollution monitoring network
operation plans, and additional operation plans. The number of monitoring stations increased
rapidly while the system was being orgaad. The city started with 4 stations in 1973, and as of
2015, there are now 45 stations.

1) City Air Quality Monitoring Network

The stations are operatedrwasurehighly populated areas' air pollution level or whether the

“seoul City, 2014, 20 U4u aSeioounl ReeiprorQual ity Eva
2seoul Policy Archive, 2015, Air Pol l uti etime Atoni toring

Quality Monitoring System Construction for Citizen's Health
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statistics met environmentasidards. This is to be utilized for both improving the air quality or
policymaking. Each city monitoring station checks 10 basic eleniei®®2, CO, NOx, PM10,
PM2.5, O3, wind direction, wind speed, temperature, and humidity.

According to the Instaltion and Operation Manualf the Air Quality Monitoring Network

(2006), city air monitoring stations are to be installed at "locations where the average air quality
can be checked, while not directly affected by major pollutant gemérathe location is
selected at a place that can best represent the area, and where there are no buildings, trees or
plants that block the facilities. In situations in which there are buildings, plants or trees around
the station, a samiply stationmust be located where tlilistance to the object is more than
twice theheight ofobject, or where the straight line that connects the sample port and the top of
the object is less than 30° to the horizontal line. When buildings are concentrated in the area, a
samping stationshoud be installed at least 1.5m away from building surfaces. The sampl
statiorts height must be within 1.5~10m, and where the representative value of the area can be
obtained.

Seoul's air monitoring station is locatedaicrossSeoul at approximately Skiaawvay from each

other according to TM coordinateystem They are located away from major roads so that
major pollutant generators (automobiles) cannot directly affect the statistics. Generally, they are
located on top of community centers or public ofi28

Figure16. City Air Qualityn Monitoring Network Locations

®Seoul Development Institute, 2008, Study onArApproaches
Pollution Monitoring Data
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2) Roadside Air Quality Monitoring Network

Roadside stations are located in places on roads that have the largest amount of traffic in Seoul,
S0 as to monitor components of exhaust feimEnere are 14 monitoring networks installed.
SMG's 14 stations collect pollutants from the roadside air from automatic monitoring facilities.
The collecteddata is then used to evaluate roadside air pollution and the impact on the
environment. The matels are used as the main basis for policies for Seoul's roadside air
quality. There are 16tations atstreetside, 2at exclusive car langand 2at median strip

The roadside stations measure 17~20 elementading sulfurous acid gas. There are 18 ai
pollutants (NO, NO2, NOX, O3, CO, CH4,GH4, THC, SO2, TSP, PM10, PM2.5, EC/OC), 6
weather factors (wind direction, wind speed, temperature, humidity, UV radiation, solar
radiation) and the amount of traffic. The statistics are sent iftinealto theElectronic Control
Center of the Seoul Metropolitan GovernmenResearch Instituteof Public Health and
Environment, the Seoul Metropolitan Governmeweather and Environment Centehe
National Institute of Environmental Researchthe Ministry of Enviroment and Gyeongin
RegionalEnvironmental Office.

v 77 s
Figure 17. Roadside Monitoring Station
Figure 18. Exclusive Car Lan®onitoring Station
Figure 19. Median StripMonitoring Station

3) Heavy Metal Monitoring Network

Heavy metal monitoring networkare operated toneasureheavy metal density understand
environmental impagtor to come up with policyo control harmful heavy metal. The stations
measure the density of heavy metals, such as lead (Pb), cadmium (Cd), and chrome (Cr).

Mercury is measurck every 24 hours by automatic facilities at Guro, Bangi, Nowon and
Hannam. Heavy metals in the air can be discharged from various locations, both artificial and
natural. Usually, they are attached to dust and stay in the air. Even small amounts ca® harm th
human body.

Samplesare collected every second week of the month (24 hours), and every day during the
yellow dust season. A High Volume Air Sampler is used to coflantpling and starting from
January 2013, theamplingmethod has changed from TSP td 1.

“Seoul City, 2015, 2014 White Paper of Environment
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During regular investigation, a total of 19 elements are measured: lead (Pb), cadmium (Cd),
chrome (Cr), copper (Cu), manganese (Mn), iron (Fe), nickel (Ni), arsenic (As), and beryllium
(Be). During the yellow dust season, aluminum (Al), calcium (@&gnecium (Mg) are added

to the regular list. Inductive coupling plasremission spectroscopg used as the analysis
method.

4) Mercury Monitoring Network

Mercury is the only liquid metal at room temperature, and it is accumulated through earth, water
and air. In particular, air is a very important means for the material. More than 98% of mercury
in the atmosphere is gas, which circulatéesundthe earth, accumulates and reacts when it
enters the ecosystem. It is very important to monitor mercunalinee.

SMG is monitoring mercuryevel in theair at 4 stations, and the measured values are used as
the basis for related policies.
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Figure 20. In-air Mercury Monitoring Network Locations

5) Acid Depaosition Monitoring Network

Acid deposition refers tall the materials that fall from the atmosphere to the ground. Acid
deposition can be divided into two types: wet deposition and dry deposition. Wet deposition
includes acid rain, snow or fog. Dry deposition includes particle material PM2.5, gas material
NO2, and ion SO42They fall to the ground from their aerosol status due to gravity.

The representative form of wet deposition is acid rain, and it is when the rain's pH is less than
5.6. Acid rain is created from sulfur oxides or nitrogenous compouitiaes, and it is a long
distance pollutant as it can impact large areas. Acid rain can damage buildings, bridges and
other important structures. And after prolonged exposure, children and etagriguffer skin
conditions It damages the ecosystem beeaudke acid rain inhibits water absorption of
plantand decomposition a@rganic materials, and pollutes the water.

SMG has been operating 10 acid deposition monitoring stations for monitoring from 1985 up
41



Seoul Plicies That Work Environment

until the present day. The station also analyaasomposition the majordeterminanbf pH of

acid rainand acidity of precipitationThe statistics are used for related policies. Currently, 8
stations other than clean areas (Bukhansan and Bangi) are located in residential areas.
Bukhansan station igperated as the background monitoring sta#én.
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Figure21. The Location of SM@ Acid Rain Monitoring Statios

6) Photochemical Pollutant Monitoring Network

Large citiesncluding Seoul record high population density and traffic, resulting in higkiten

of ozone or nitrogen dioxide. Most of tlggoundlevel ozone is created by photochemical
reactions between nitrogenous compounds and Volatile Organic Compounds (VOCSs). Therefore,
it is very important to control nitrogen dioxide and VOCs, as a pregursorder to control

ozone density VOCs are discharged fromontamination sourcesvhich creates secondary
aerosol through photochemical reactions, increases the ozone dewasliilyg to theincreases

in the cases of high density ozone and ozone hvattifications.

Because of thisSMG has establishedO photochemical stations, ahdsmeasurd elements
every hour. This is done so as to monitor harmful VOCs, arghito basic data tprepare
effective policies.

Currently there are 5 VOCs stationsaftgseo, Gwangjin, Guro, Jongro, Bukhansan) and 5
BTEX stations (Songpa, Jungrang, Dongjak, Haengju, Segok) for continuous morittdring.

®Seoul City, 2015, 2014 White Paper of Environment
®sSeoul City, 2015, 2014 White Paper of Environment
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Figure22. Seoul City's Photochemical Pollutant Monitoring Network

7) City Background Quality Monitoring Network

As the Bukhansan monitoring station is located in a clean area, not much affected by ppllutants
the from the Bukhansastationsare used to compawth Seoul's air quality. Compared to city

air quality, Bukhansan area recorded low annual pollution leveleid for all elements except

the ozoneThe clean areas show higher O3 density than the cilgrgely due tothe high
sunlight penetration ratio, resulting in high solar radiation. Theretbee NO to NO2 ratio
(NO2/NO) is higher than that of the ci§ince NO isnvolvedin O3 extinction and NO2 in O3
creationwhichis why O3 equilibrium concentration is high in arélas Bukhansan station
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Figure 23. Air Pollution Comparison for Each Monitoring Network (in 2014)

7. Technical Details

The airquality monitoring network mainly checks pollutants such as SO2, NO2, CO, O3, PM10,
and PM2.5, and weather factors such as wind direction, speed, temperature, humidity, solar
radiation and the UV radiation. The monitoring methods are as follows: Each el&men
measured once every hour. Fluorescence is used for sulfurous acid gas (S@peisive
infrared methods for carbon monoxide, the ulti@ate photometric method for the ozone and

the gravimetric method for microdust. The materials are usedviduating air pollution or
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designing air quality improvement plan.

| x223

Figure 24. Collection and Distribution System of Auality Data
Souce: http;//env.seoul.go.kr

As for deciding the locationfor pollutants samplingthere are various ways)calcuhting
population and densitip)aTM coordinae systenthat creates gritbr eacha 2-3 kilometersand
selects a point in each aregusing a center of an area and straight lines in each direction to
select crossing points as station,d)rusing a formud according to pollution level of target
areas.
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Figure 25. Analytic Device within Air Quality Monitoring Station
Source: Seoul Development Institute. 2008. "Study on Approaches to Effectively Link Traffic and Air
Pollution Monitoring Data"

In order toincrease the accuracy of the monitoring networks, as well as contribute to the
effective operation,SMG selects, installs and operates monitoring stations at locations that
could offerthe areés representativelatavhile reflectingthe environmental elemes) population
distribution and distance between stations so the operation, repair and access is carried out
most efficiently. Moreoverequpmentswithin the monitoring station are placed a certain
distanceawayfrom one another to minimize mutual intemrénce.

When the location ofa monitoring statioris considered to be inappropriate or the station's
building is being removed, the station should alsorddecated New locations are decided
within the closespossibledistance from the origingllace The final location is decided after
considering th@pinions of theevaluation groupf theair pollution monitoring network.

8. Policy Effects

SMG can secure basic data including cause analysis needed to come up with measure to
improve air quality andunderstand the trends of air quality elements such as microdust,
ultrafine particles or nitrogen dioxide, based on the constructed air quality monitoring system.
Based on the collected materi8IMG protects citizens' health by forecastiogwarning the

level or density ofmicrodust, yellow dust and the ozone. Automatically colledath onair

45



Seoul Plicies That Work Environment

pollution are uploaded and released in-teae on the website ats mobile application®f the
Air Environment Information. This is to improve the transparerfcgdministration, and meet
the citizens' right to be informed.

SMG has been operating the microdust forecast and warning system since February 2005,
according to th®rdinance on th#licrodust Forecast and Warning. Moreover, the city has also
been operatip the ultrafine particle (PM2.5) warning system since October 2013, contributing
to the protection of citizens' health.

Fine dust forecasts in 2014 showed a high accuracy rate of 70.5%: 68.586 the forecast

made a day beforeand 72.6% forthe forecat made for the dayMicrodust forecasts are
provided to related organizations such as local governments, police, the Office of Education,
and citizens who wish to receiwbe information viaSMSs (text message). There were 2
microdust watches, 6 ultrafinparticle watches, and 14 (preliminary) watcheteasedin
20127.

9. Challenges and Solutions

Air pollution monitoring stations installed in Korea have contributed greatly to our
understanding of domestic air pollution, and the creatiomifjuality improvement plans.
SMGE monitoring stations are installed in a more concentrated fashion compared to other areas,
and this is playing an important role in evaluating air pollution policies and preparing future
plans.

There are varioushallengesin terms of securing locations for air pollution monitoring
networks due to the characteristiasf Seoul as metropols. Since the stations are mainly
installed on top of public offices or schools, it is questionable whether the statistics truly and
accurately refict the area's air qualitgome stations are blocked by large apartment complexes
or commercial buildings.

For this, alternative locations must be found, and mohitemonitoring vehicles can also
monitor air quality for certain durations and then traigh can be moved aftegliableresults
areobtained from alternative locations.

Moreover, there have been effonave been mad®e measurénarmful carcinogenigollutants,
albeitlow density Strenuous efforts are made to establish relevant policégesrglement them

to secure various monitoring elements and to accurately evaluate the impact of the pollutants on
the citizerds health and to enhance the reliability of the stations.

“*Seoul City, 2015, 2014 White Paper of Environment
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Nanjido Ecological Park

Jae Min Song, University of Seoul®

1. Timeline

Nanjido was the only large waste landfill of Seoul to bury approx. 92 millioof domestic,

construction, and industrial wastes for 15 years from 1978 to 1992. In the 1970s, Seoul
experienced rapid economic and exponential population growth. As the result, waste levels
sharply increased forcing the city to designate the locatimmarNanjido (540, Seongsaong,

Mapogu, Seoul) as an wurban planning facility

a perfect landfill site for Seoul because of its accessibility, location on the outskirts and vast size.

Horizontal burying waperformed from 1978 to 1985 while vertical burying was performed at
the primary and secondary landfills from 1986 to 1992.

Figure 1. Vehicles heading for Nanjido on the Jayuro
(source : http://worldcuppark.seoul.go.kr)

But the insanitary burying causéeachate during the entire burying period which led to serious
land and water pollution. The landfill gas was also prone to catching fire at times. The

28 Translation by ESLE
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environmental arrangement of the landfill was politically highlighted in 1990. The basic master

pand the &éSeoul , Capildalciapatiadn c60§ Yyoarstd w
for the strategic development of Yeouido, Yongsan, Sangam, Tukseom, and the Magok area. A
special urban development plan was prepared for Sangam, where Nanjido oasel,lo

reflecting that it was a gateway of both globalization and the unification of the South and North

as the key area of Northwestern Seoul. In addition, there was a need to fix the local environment

in order to build a worldup stadium following the atision to build the 2002 Korelpan

WorldCup stadium in Sangam in May, 1998. Mor eov
project that included the basic millennium park plan of Seoul in 1999 also included the Nanjido

landfill stabilization and park consttion plans.

The Nanjido landfill stabilization and park construction plans were quickly implemented for the
World Cup. The landfill stabilization project was initiated in January, 1998 and finished in
October, 2002 after 4 years and 10 months. The emti&tn company was selected and started
work within 3 months of finishing the design so as to shorten the construction period. An
ecological park was also constructed from October, 2000 to June, 2002 alongside the
stabilization project (KSP, 2014). The waduried under Nanjido is still being biodegraded,
and Seoul estimates that the stabilization will continue until 2020.

2. Situation: Background

a

Nanjid of Nanjido is a combination of orchied

beauty. Indeedit was a beautiful island where peanuts and sorghum were grown and a place
that students visited for picnics despite the frequent floods. However, Seoul buried about 20,000
tons of waste in Nanjido following its designation as a waste landfill site aasvalbolid waste
handling area in 1977. With the 15 years of landfill, about 9,200 million tons of waste was piled
up in mountainous forms of around 812,800 pyeong (about 246,303 m2). It was originally
planned to use Nanjido as a landfill for a mere Gy&@m 1978 to 1984 considering the extent

of the work done there. But it was difficult to find an alternative, so most of the waste of Seoul
was dumped there and Nanjido eventually had a 100m high mountain of waste standing on it.

Figure2. Geumseongyeongsa in Geyonggyomyeongseungcheop: Gyeomjae Jeongseeh7bB8976
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(Source: http://worldcuppark.seoul.go.kr)

Nanjido landfill was operated in typically insanitary walyswithout any solution for gas
generation, leachate, flying waste, or the harmful itss@the excessive volume of waste caused
many problems. More importantly, the insanitary operation caused land, water, and air pollution
with the leachate and landfill gas while the unplanned and excessive landfill caused safety
issues including ground ssiblence and slope collapse. The leachate had very high Biological
Oxygen Demand (BOD) of 72mg/l, Chemical Oxygen Demand (COD) of 605mg/l, and Total
Nitrogen (FN) of 1,416mg/l, which can have adverse effects on neighboring streams, The Han
River is conne@d to the streams, and this underground water is directly connected to the health
of citizens. The landfill gas generated by the waste degradation process is mainly composed of
greenhouse gases such as methane and carbon dioxide; the former is very l#aamdab
explosive so Nanjido experienced several fire accidents. At the same time, unbalanced
subsidence during the degradation and the massive weight of the waste layers gradually
removed space so the leachate level and possibility of slope collapseédcreaaddition, the

waste trucks caused serious pollution including dust and noise.

Figure 3. Nanjido Landfill
Source: Worlecup Park Management Office (2006) Nanjido recovers the scent)

Besides the environmental issues, the Nanjido landfill cassedl issues. The Nanjido landfill

was a living foundation for the urban poor who made their living with goods found from the
waste. They suffered from the odors, dust, insects, birds, and air pollutants from the trucks every
day. They also lived in vergoor brick housing around the waste piles provided by the Seoul
City Government. In a word, they were exposed to risks of environment, health, and safety.

Figure4. Nanjido people collecting waste
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(Source: http://worldcuppark.seoul.go.kr)

From the ad of 1992, Seoul began to dump its waste at the Sudokown Landfill and finally
stopped using Nanjido from 1994. Nanjido had been used as Seoul landfill for 15 years from
1978 to 1993. But the environmental issues of landfill did not suddenly disappethe As
landfill ceased, social issues appeaiiedncluding jobs and housing for the urban poor.
Furthermore, Seoul had to discuss how to use the-landéll land. Academia and various
industries had different ideas regarding the early development andelongdevelopment

foll owing the stabilization of Nanjido. The 0
waste to coastal landfill sites or other locations and then redevelop it as a housing or business
site. On the o-teimdeveldpmentdg | It dvei Mg oStgabi | i zat i ono

in the long term when the conditions were established after installing pollution prevention
facilities for landfill gas and leachate, stabilizing the land, and finally building an environmental

and ecological por on t he ground. After analyzing the ¢
maintain the current situation and postpone the development while preventing environmental
pollution and stabilizing it.o

3. Thelmportance of the Policy

The Nanjido Ecological &k Development policy has had a positive role in thefgeodly
management of Seoul in many aspects.

Firstly, the Nanjido Stabilization project was a case in which Seoul took the lead in managing
the waste landfill instead of the central government1983, when the Nanjido landfill had
ceased being used, there were no follgvmanagement regulations in Korea. Rastfill
management regulations were found in the Waste Management Act in 1996 for the first time in
Korea focusi ng ceingseuidnaftr bpprepnidtefallewenmagagement of
landfillstobec | osed after 1998 and obliging environmer
2010, the follomup management regulations were reinforced to extend the fajow
environment managemeperiod to 30 years. Nanjido stopped being used for the burial of waste
in 1993 so it was not subject to those regulations. However, Seoul predicted political changes of
sustainable waste management in Korea and overseas countries and preemptivelgropted f
landfill stabilization and thus creating a good example of-lawstfill management.

Secondly, the Nanjido Ecological Park is connected to surrounding green areas and an ecology
stream for selsustainable recovery of the ecological functions. The iNaricological Park

meets the Han River, Bulkwang Stream, Hongje Stream, and Hyangdong Stream while the grass
fields on their watersides is connected to that of Nanjido Ecological Park. Even though Seoul is
not home to much in the way of artificial featsirer design, except for some food plants and
improvement of the habitat around the Nanjido park, the number of animals and plants have
increased around the surrounding ecological space after developing the park.
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Figure5. Green field and streams arouNdnjido Ecological Park
Sour ce: Seoul I nstitute, 2014, 2014 Economic Dev
Recovery of Nanjido Ecological Parko)

Thirdly, the landfill gas obtained as part of the stabilization is used for district heating
conti buti ons to the ¢éresource cyclingd city deve

most valuable fuels, and about 232,572K of landfill gas had been used at the Nanjido

Ecological Park from 2002 to December, 2013, which amounts to about 8.2 billion ERW
economic value. The collected landfill gas is supplied to a district heating fémd#ted in the
Nanjido Ecological Park. The park has an incineration facility (capacity of 750 tons) for
handling the domestic waste of neighbors while the heat is collected and then supplied to the
district heating facility. It is a unique and rare ocenge to have landfill gas collection,
domestic waste incineration, and district heating facilities all in one ecological park.

Figure 6. Mapo Resource Recollection Facility
(Source: https://seoulsolution.kr)

Fourthly, the awareness of citizens relijag waste management has changed as the abandoned
landfill has been transformed into a park. The Nanjido landfill site was constantly negatively
seen as a source of both environmental pollution and odor. But the waste handling facility was
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transformed ind a resting place for citizens, which is now widely known as a shining example
of excellent representative environment management on the part of Seoul.

4. Relevancewith Other Policies

The Nanjido Ecological Park project was connected with the SangamNNllennium Town
projectand New Han River Development projects.

1) Sangam New Millenniurffiown Project

Sangam NewMillenium Town Projectwas a plan focused on developing the Sangam district

from 1998 to 2000. It contained logrm plans to shape Saarg as a future city as well as a

new subcenter of Seoul. The first phase connects the Nanjido landfill stabilization and re
development with surrounding facilities and development plans. The slogans and ideas behind

the plan include id Gatde Koy e@idt, y 6fl of orenami on Cit
6Eco City for <coexistence of humans and the e
development for transfer station construction and sphere development of the Gyeongui line,
Yeongjongdo New Airprt Railway, and Subway Line No.6; scenario developments and stage

plan settings for the Nanjido landfill stabilization and future use; establishment of organization

plans aligned with the city development for a successful World Cup; suggestion of eologic

city design guidelines for Samgam Millennium City; and planned responses tsp&gh trains.

Figure 7.Sangam New Millennium Town and Nanjido Ecological Park

(Source: https://seoulsolution.kr/)

Additionally, the land was divided into various seunt (Digital Media City, an ecfriendly
housing complex, and WoHcup Park) to help shape Sangam as a new city combining
downtown functions, distribution, housing, with parks and green fields.
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2) New Han River Development

This project aimed at develayj a space for the coexistence of humans and the environment:
where the Han River is made fascinating with water purification, ecosystem recovery, and
leisure facilities for citizens and tourists alike. Located along the Han River, the Nanjido
Ecological Rrk was developed for landscape and water quality improvement of the Han River.
The NanjiHan River Park is the second biggest park around the Han River and provides natural
purification and leisure to the citizens using the wetland developed for 200@ @il For the

New Han River Development, the framework plans were developed in the first half of 1999 and
it got underway in 2000 with the addition and maintenance of facilities, preservation and
recovery of historic sites as well as the development emrtqtion of green fields.

5. Policy Objectives

The millennium park framework plan for the Nanjido Ecological Park development consisted of
the following political objectives: (1) to recreate the landfill as anfaeadly space; (2) to
shape the surtmdings of the 2002 World Cup stadium; and (3) to contribute to developing an
ecafriendly city with the open space and park functions of the Sangam New Millennium Town
Arrangement project.

Nanjido, however, raised different issuisncluding air and wadr pollution, odor, harmful
insects, and safety for the surroundings as an insanitary landfill for 15 years. As addressed
before, discussions took place to relocate the waste and use the land for new purposes, or
stabilize the waste and avoid its shiein use for the future. Finally though, a decision was
made to build the Nanjido Ecological Park. By developing the ecological park, the abandoned
land was recycled as an ekendly space for the new millennium suggesting fuioniented
environmental altmatives and representing proud cultural characteristics.

The second political objective was to improve the surroundings of the SangamcWorld
Stadium by developing the Nanjido Ecological Park. Korea was selected as a host for the 2002
World Cup and Saragn was the site for main Worldip stadium in Seoul. But the surroundings
were poor. It was vital to address the mountains of waste at the Nanijido landfill site, polluted
streams, and housing for the poor. So, the ecological park development projecipoasilde

for the largescale environment rearrangements for the surroundings.

Thirdly, Seoul tried to transform Sangam into an-E@ndly town in order to to address the
rapidly increasing demand for housing in the 1990s. Seoul actively developedghsitisin
because of the increasing demand for development and housing in the 1990s. Sangam was no=
exception as it had detached houses, settlements, and faming land. Thus, it was planned to build
housing to transform Sangam into a ®anter while developm a large park in Nanjido to
improve the life quality of citizens and build the Sangam New Millennium Town as an eco
friendly city serving as a supporting green field.
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6. Main Policy Contents

Seoul concentrated its full organizational capabilities g0 finish the Nanjido Ecological Park
Development project before the World Cup. To shorten the project period, 8 prdiutkill
stabilization. Pyeonghwa Park, Haneul Park, greening of surroundings, Heemang Forest, Noeul
Park, Nanjicheon Park, and MajHan River Park- were carried out at the same time. 6
departments of Seoul were engaged in the design while 5 departments took part in order
placement and supervision. Moreover, many private businesses participated: 9 designers, 23
constructors, and @ipervisors.

The Nanjido Ecological Park development consists of the landfill stabilization and park
development and cost 232.2 billid¢éRW (140.5 billion KRW for the stabilization and 82.7
billion KRW for the park development). The expenditures were eoveith the general funds

of Seoul.
Mayor
- Primary Deputy
Mayer
- Secondary
Deputy Mayor
New 100 Seoul
Year Institute
Preparation (Planning &
Committee Design)
Landfill Pyeonghwa Haneul Park | Slope greening & | Noeul Park | Nanjicheon Nanji-Han
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1) Nanijido stabilization

With the landfill finished, Nanjido is expected to be stabilized until 2020. The landfill
stabilization is a process in which the origamatter is degraded for a long time and discharged

as landfill gases or leachate; inorganic matter and heavy metals are leachated with the ground
subsiding. Finally, it returns to its original state. The insanitary landfill was carried out for a
long time so Nanjido produced leachate, odord, and harmful gases resulting in water and ground
pollution around the Han River and thus serious destruction of the local ecosystem. The Nanjido
stabilization aimed at addressing the environmental pollution and prgp@rn ecefriendly

park development. The stabilization consists of leachate handling by installing barrier walls for
the leachate, top molding processes to develop grass fields; gas collection and handling; and
slope stabilization to prevent collapse Wjusting its incline and developing the area for the
return of green space.

2) Ecological park development

The Nanjido Ecological Park has 5 parkByeonghwa Park, Nanjicheon Park, Haneul Park of

Landfill No.1, Noeul Park of Landfill No.2, and Naitfian River Park- covering approximately

1.05 million pyeong (about 318.182 m2). They were designed to be integrated and organized
whil e having independent characteristics. The
and Symbiosi sé f amaturetahdehunao euktures d symbiodc retafionship

between environment preservation and human development, and a harmony of artificial
structures and natural landscapes. In addition, the drainage and earthwork plans were reflected

to prepare for the subsdce of landfill layers and observe them.

Figure9. B i r-aey&\8ew of Nanjido Ecological Park
Source: http://worldcuppark.seoul.go.kr
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3) Sustainable waste management

Along with the Nanjido Ecological Park development, the Mapo Resources Recollection
Facility was built between the Noeul Park and Haneul Park. It is an incineration facility that
handles 750 tons of domestic waste daily from Mapo, Yongsan, and Junggu. It was built from
June, 2000 to December, 2003. The Nanjido Ecological Park came toctianeehensive
resource recycling functions with the nevlayilt resources recollection facility, district heating
facility, leachate treatment plant, and landfill gas collecting facility. In addition, the resources
recollection facility is serving as amwronmental education space by operating site visit
programs for citizens and designing symbolical building for the futuristic ecological city.
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Figure 10. Resources collecting and related facilities
Sourcehttp://worldcuppark.seoul.go.kr

7. Technial Details

The Nanjido ecology recovery project consists of landfill stabilization and ecological park
development.

1) Stabilization
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The stabilization aims at isolating the waste accumulated for 15 years and thus restoring the
surrounding environmeénThe stabilization consists of barrier wall installation and leachate
processing to prevent water pollution, landfill gas collection and processing, stabilization of the
slope, and top molding for grass fields.

The leachate facility has intercepting amebcessing equipment. The intercepting equipment
(barrier walls and collecting wells) isolates the leachate and keeps stable levels of leachate in
the landfill to prevent collapse of the slope. 31 horizedtalnage collecting wells were
installed to 3ndepth of the bottom layer with the Caisson method. This method is especially
good with underground water level control and low costs. The barrier wall isolates the leachate
and was installed at a depth of-48m at 6,235m distance by combining the S.S.H &val

C.B.S Wall. The leachate is stored in the collecting wells; from there it is sent to the leachate
treatment station and the Nanji Sewage Treatment Plan using pumps. Finally, it is discharged
into the Han River.

The landfill gas produced with thedoiegradation of waste is collected and then processed. The

average production of Nanjido landfill gas is 432Kklay, which is mainly composed of

methane (51%) and carbon dioxide (46%). To prevent odor diffusion and any risk of explosion
of landfill gases,the top of landfill was covered with a blocking layer. The landfill gas
processing collects and processes harmful gases in a safe manner and provides habitats for

plants. The reflected collection of landfill gas was 300Win through 55 and 51 vertical

collecting wells installed at 120m intervals on both the top and slope, respectively. The gas is
collected at the landfill gas processing facility for district heating while the remaining is burnt.
The landfill gas collecting and processing facilities are agad by the Korea District Heating
Corporation.

Figure 10.Design concept of slop stabilizing facility for Nanjido Landfill Stabilization
Source: Yeong Kuk Lim, 2006, Nanjido Landfill Stabilization

The slope stabilization is to prevent its collapselevhiinimizing rainwater penetration. Any
slope with a inclination under 1:2 was maintained while those over 1:2 were adjusted with a 9m
protection installed. The maintenance stage performs continuous slope inspection, waterway
repairing, and maintenance picevent slope loss. Lawn and Leafy lespedeza was planted on any
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vegetationvulnerable slope for better stability. Any potentially collapsing slope was covered
with tent fabrics to prevent further damage from occurring. Additionally, regular safety
inspecions were performed biennially by external experts, including professional engineers.

The top arranging and molding work installed water shields (HDPE) to prevent rainwater
penetration and covered the top with earth to encourage the growth of plants.olfivegm
consists of a 50cm supporting layer, 1.5mm shield layer (HDPE), a 30cm drainage layer,
filtering felt, a 30cm vegetation layer, and a 30cm surface layer in the order to create a 1.4m
depth on average. The top is arranged to have an approximateklop& to easily avoid
rainwater and encourage plant growth. The future subsidence was estimated with the hyperbolic
method of the Gibson &Lo Model and Power Creep Law and then reflected on the top arranging
and molding. Maximum subsidence was estimatatdrcenter by over 3.6m for 20 years.

Table 1 Details of Nanjido Ecological Park project

Classification Project details

Aop: Minimized rainwater penetration and thus leachate produc
prevention of surface gas leakage, and vegetation

1) Purpose Alope: Maintenance of currently stable slopes while recovering vege
and installing protection on surrounding sections and bankiognd the
outskirts and slope maintenance roads

2) Arranged

o About 4% of arranged inclination for good rainwater avoidance
inclination on top

Aop molding layer (1.4m): Surface (30cm), vegetation (30cm), drail
(protection, 30cm), blocking (HDPE 1.5mm), and supporting (50cm) lay:
Mynamic compaction for landfill gas collecting well, pipelines, and road:

3) Cross section o
top molding layer

1) Purpose Ao prevent diffused leachate pollution in the adjacent Nanji Stre
P Bulkwang Stream, Han River, and others

2)Installation sectior Marrier walls were fullyinstalled around the landfill with Coment Benton

& method Slurry Wall and Steel Sheet Pile.

Mepth: Penetration of 1m and 0.5m into vemed rock and soft rock
respectively
Mistance: 6,235m (S.S.P : 3,320m, C.B.S : 2,915m)

3)Installation depth &
distance

Mptimized intercepting and processing of leachate from the slope

1) PUTEOSE foundations

2) Slope collecting ASlope collecting pipe: 6,003m, MAT type pipe: 3,622m
facility Aorizontal drain: 667 holes
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3) Intercepting Adorizontal draining type collecting well: 31 points, Horizontal strair
facility 9,300m (186 holes)

ANon-pressure flow pipe (MDE): 5,186m, Forced flow pipe (PEM): 2,035

HT fer facili - . . . .
) Transfer facility Antermediate pumping station: 3 points

AOndemand pretreatment and then transfer to Nanji Sewage Trea
Station for the separate processing

Arocess: Flow Control+Collection & Precigibn+Penton Oxidation
ACapacity: 1,860 tons/day

5) Processing facility

Classification

Project details

Kollecting and processing of gas (375MKmin) produced during

1) Purpose
) P degradation of wastes

2) Collecting facility  Acxtractihg well: 106 points
3) Transfer facility Aransfer pipe (HDPE): 13,250m

4) Processing facility Alower: 5 EA

1) Purpose Ao prevent collapse of slopes and minimize rainwater penetration

2) “Horlzontal drain Aength: 9m |nstallation: 667 points
facility

Ao eliminate hazards by processing and disposing the landfill sl

1 p _ , I
) PuTEsE (565,882 ) and thus increase the recycling and land utilization

Manking material for landfill bottom arraament: 202,210

Altilization of sludgemixed earth and sand as molding material: 16,890
2) Method -Supporting layer: 91,570

-Vegetation layer: 77,320 (top+slope)

Aoil-like: 194,700

Source: Yeong Kuk Lim, 2006, ANanjido Landfill Stabi

2) Ecological pek project
Pyeonghwa Park

The Pyeonghwa Park was built on a plane surface, which had an area of 44(h@00een the

World-up Stadium and Gangbukgangbyeonat an altitude of 2@25m altitude on a 10+high

waste pile. Its concept is the peace thatelated to the Mutual Coexistence and Symbiosis
theme of the World Cup Park. It was specifically designed to reflect the themes of global
harmony and peace kept in mind for the World Cup. The Pyeonghwa Park was designed by the
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Han River Project Planning Qup, and was workingesigned and constructed by the World

Cup Park Project Group, Park Green Field Management Office. It consists of the UNICEF

Square, Nanji Pond, Pyeonghwa Garden, Picnic Square, and Nanjido Story (Exhibited in World

cup Park). Thewateérsd e trail was devel oped-highhwoadteek. wat er 6 s
Water was brought from the Han River to the Nanji Pond in the center with cattails, baby lotuses,

water lilies, scouring rush, and Russian irises planted for water purification.

Figure 13.Framework plan for Pyeonghwa Park
Source: http://www.lafent.com

Haneul Park

This grass field park consists of a 190,00@&rea on Landfill No.2. It has the poorest soil

quality of the entire Nanjido Landfill site so it was designed to show how nature can still be
reborn on poor land.

The masterplan was establishedylthe Master Plan Commission for Millennium Park; the
landscaping and working design was performed by Yooshin Corporation Co., Ltd. and
Pyeonghwa Engineering Co., Ltd.; the construction was performed by Bando Environment
Development Co., Ltd., Imwon Devegment Co., Ltd., and Dongil Construction Co., Ltd. A
total of 25.6 billion KRW was spent on the Haneul Park development. It was built with to a
concept of a vast grass field and separated into 4 Zon#h the ridge formed for drainage and

the high gras$ield developed in the Souflorth section and low one in the E&gest section.

The SoutkNorth section had silver grass and the equivalent perennial grass field while the East
West section had mainly wild grass and some naturalized grass fields tostiateothe stages

of succession between them later. The entire area has drainage gradi8ft efith the cross
management roads. For stabilization, the available vegetation depth was only 60cm on top of
the water blocking layer and the ground was unetablthe planting of trees and installation of
structures was prevented. Haneul Park has vast grass fields and the Silver Grass Festival is held
there every October.
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Noeul Park

This site was developed with about 340,00@rea at the location dfandfill No.1. Initially,

there were plans to develop a public golf course with 57% of the area and civil leisure facilities
and vegetation area with the rest. This initial plan was put forward but it, ultimately, did not
succeed. There was serious disagreemamteraing the golf course so the plan was changed to
build family and sculpture parks in 2008 and 2009. Currently, it is used as a family park with
cafes, playgrounds for children, park golf courses, and a family camping area.

Nanjicheon Park

This location was built in the lowlands with a-ZB0Om width between the waste layer (Haneul

and Noeul Parks) and Sangam Area. It had suffered from serious water pollution because of
leachate from the Nanjido Landfil. Some of the wastd been buried in the center and the
stream was affected severely. The plan, therefore, was to develop the Nanji Stream and park
around it in order to show the ecological recovery of the polluted stream and transformation into
a natural one.

The Nanjichen Park was developed for residents in the Sangam New Millennium Town
especially the disabled, old and infirm, and youth. Thus, a lawn picnic field was built sloping
down toward the pond with special and natural playgrounds using natural materials and
topography. The trail and stepping stones were installed around the pond so that family visitors
can have the opportunity to study the wetland ecology. Furthermore, the Nanjicheon Park has
sports and game facilities for the residents. It caters especialtpdfatisabled and old, with
sports facilites arranged in small groups along the road in the forest to alleviate desolateness.
Curved trails were installed between the sports facilities and stream to improve accessibility to
the streambs tydsplwildplards. di f fer ent

Nanji-Han River Park

This is the second biggest park among the 13 Han River parks. TheHdanRiver Park is a
neighborhood park for the recreation of residents offering sports and game facilities, picnic
places, and trails anéquired functions for the smooth operation of the World Cup. Considering
the site conditions, the land use plan of the NHajh River Park was divided into a dock,
camping, central square, sports facilities, and waterside ecological park zones.
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Figure 14. Pyongha Park Figur 1. nI rk o
Source: http://worldcuppark.seoul.go.kr Source: http://www.lafent.com

R
Figure 16. Noeul Park Figure17. Nanjicheon Park
Source: http://worldcuppark.seoul.go.kr Source: http://worldcuppark.seoul.go.kr

Figure18. Nanji-Han River Park
Source: http://hangang.seoul.go.kr/archives/3021
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8.Policy Effects

1) Environmental effects

After the ecological park development project, the ecosystem and surroundings of Nanjido have
considerably improved. Ovel million trees and herbaceous plants have been planted. It was
reported that there were 89 types of 24 families of plants in 1994, which is only 1 year after the
last landfill had taken place. Within 3 years, grass and trees had covered the slopesasteh

piles and the plant species had extended to 271 types of 60 families compared to 1994. These
continuously extended to 502 types of 95 families until 2010. The plant species were naturally
extended with different types of naturalized plants. Naugadl plants were brought in and
adapted to the poor environment during the landfilling so 50% of naturalized plants in Korea
were found there. This formed a very unique and notable ecosystem. Currently, only 22% of
naturalized species have survived becanfssuccession. The inhabitation of birds, insects,
amphibians, fishes, and mammals has also increased. Before the park was developed, 167 types
of animals had been reported to live there; this was increased to 731 types after the Nanjido
Ecological Park ws developed, which is a sign of healthy ecology. A continuing increasing
number of birds inhabit the Han River, Nanji Pond, Nanji Stream, and mountains. It was also
found that endangered species are now living there: narmawhed toads and wildcats.

Ju\\‘:“ h o R st", ‘\ o
Figure 19. Narrow-mouthed toads found in the Nanjido
Sourcehttp://worldcuppark.seoul.go.kr

Figure 20.Acacia flows found in the Nanjido
Source: http://worldcuppark.seoul.go.kr
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Moreover, the Nanjido Ecological Park development contributed greatlyimproved
biodiversity and water quality. Seoul investigates the environment around the Mapo Resources
Recollection Facility at 3 year intervals. These have shown that all environmental criteria are
met for the air quality, noise, water quality, and .sbhere are no residents around the Mapo
Resources Recollection Facility so the investigation range is extended to a 2km radius, which
includes the entire Nanjido Ecological Park.

2) Economic effects

The stabilization and park development created ecanagfiects through the landfill gas
collection and housing site developments. The Nanjido Ecological Park installed landfill gas
collecting wells on the top and slope of Haneul Park and Noeul Park and connected pipeline to
collect it. This is then used asiler fuel at the Korea District Heating Corporation. From 2002

to 2013, a total of 232,592,000m3 of landfill gas had been used for boilers amounting to 6.86
million KRW of annual savings. The Korea District Heating Corporation processes the landfill
gas br heating the Worlg¢up Stadium, neighboring apartments, and office buildings. The
landfill gas production is decreasing as the landfill is stabilized.

The surroundings of Nanjido were left undeveloped before the WapddPark was developed
because therof odor and environmental pollution and thus the demand for housing was low.
However, the surrounding ecosystem and environment were considerably improved with the
ecological park development and Digital Media City plans and this resulted in increaded la
prices. The competition rate of subscription was very high for the Sangam Housing Site

Development Zone in 1999 with a land price of 900,000 KRW P in 1996 increased to

1,200.000KRW to 1,500,000 in 1999. This was aided by the announcement thatthe Sangam
area would be transformed into a special housing area (21C New Seoul Town) with leisure,
shopping, and cultural facilities, Nanjido Ecologi€drk and water park, as well as different

types of amenities and sports facilities. The housing site development area was 1,450,000

which exceeded the side of one of most popular districts, Yongin & Suji District (1,350,)000

3) Sociocultural effest

The Nanjido Ecological Park has become a representativrieadly project of Seoul and

been annually visited by about 9.8 million citizens and foreign visitors. The representative

camping ground of Seoul, Noeul Camping Ground was visited by 52,0Qflep&o 2013

compared to only 21,000 people in May, 2010 (the first year) and the continued annual growth

is promising. Popularity has increased to the extent thaictrsiefirst-served reservations are

often finished in 5 minutes through the Internets kalso full of visible and enjoyable delights

including park golf, the silkworm ecology experience center, natural playgrounds, the firefly eco
center and habitat, and the urban farmersd garc

Additionally, Seobu Park & Green Field Office, GreenyCiivision, Seoul is operating
monthly firefly eco center description programs, silkworm ecology tours, and different
programs using natural objects for the citizens to experience the Nanjido Ecological Park. The
environment programs are free for childaerd families, and more families are applying for the
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environment experience as eftiendly education becomes more and more popular.

Table 2 Ecology program of Worldup Park

- Explanation of process from
paper mulberry to paper

To recognize the importance |
Korean paper by making Korea
paper post cards by themselves

Korean papel Sat 10:3011:20

experience  Sun 14001450 20 Familes

- Description about fireflies at th

Firefly Tue  10:0012:00 eco center
description . 20 Anyone - Description of the ecology @
Fri 14:0016:00 ) .
program firefly, and observation of larva an
imago

Source: http://worldcuppark.seoul.go.kr

The Nanjido Eological Park draws high attention from other countries. It is an excellent and
exemplary landfill recovery and development project. It has been benchmarked by developing
countries such as Indonesia and Cambodia, and serves as a stepping stone for éueza to
environment markets of other countries. Pleasingly, it receives high attention from
municipalities of developing countries for the sustainable urban development.

9. Challenges & Solutions

One of the difficulties for the Nanjido Ecological Pamoject was to find new housing for the
urban poor who were living in Nanjido. The waste collecting workplace of Nanjido residents
was closed as the Nanjido landfill was closed in May, 1993. However, they wanted the land
where they were living to be granted that they could stay. If they had stayed at the location,
the entire ecological park development including the landfill stabilization and park
developmenti would have been hindered and their safety continually threatened by the
mountains of waste dasigh as 100m. Seoul, therefore, gave purchase rights for permanently
rented apartments and private ones to many of about 1,000 households so that they could
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populate the region. However, about 400 households refused to move until Nanjido was
confirmed aghe World Cup site and construction began. The roofs and walls of structures were
seriously corroded and catastrophic disaster was more and more likely if the banks of the
landfill were to collapse due to heavy rain. Seoul gave them jobs through job eldcana
job-producing projects and provided rights of residence for rented and sold apartments as well
as relocation expenses support to demolish the temporary housing. Meanwhile, 400 employees
of 61 waste collecting centers who were living in prefabrat@t@using complexes were given a
chance to move to the Sihwa Industrial Complex while 3 aggregate providers in the northern
part of Landfill No.2 were also relocated.

Another challenge of the Nanjido Ecological Park development was the purpose issw@ilof No
Park. Noeul Park was originally planned as the Nanji Golf Course. The Korea Sports Promotion
Foundation was eventually selected as an investor in March, 2000 so it invested 14.6 billion
KRW to develop a $ole golf course in Noeul Park and open it ict@dber, 2005. However, the

land owner, Seoul City Government and Korea Sports Promotion Foundation had conflicting
ideas concerning the operation method and management rights so they undertook legal
proceedings. Furthermore, Seoul amended the ordinam@ngborm the golf course into a park

and the Korea Sports Promotion Foundation opened the golf course for free. Finally, Noeul Park
was turned into a real park and Seoul compensated the Korea Sports Promotion Foundation with
18.5 hillion KRW, including tre Nanji Golf Course development expenses. The Korea Sports
Promotion Foundation transferred the ownership of the golf course to Seoul. Seoul then spent an
additional 4 billion KRW installing new trails, water supplies, drinking fountains, toilets, shade
canopies, and benches while trying to retain as much of the lawn fielth@eQolf course as
possible so as to renovate it as a family park and thus invite more visitors.
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Energy Generating WWTP:
From Treatment to Energy Production

Young Jun Choi, Water Research Institute®

1. Time of Policy Implementation

New and renewable energy production from WWT®f Seoul had been planned and carried
out since 2007 based on the treatment conditions andatbastics of each WWTP.

When the new and comprehensive energy policy of Seoulik@ Less Nuclear Power Plant

was launched in 2012, the projects on the energy production in WWTP were incorporated into
the new energy policy of Seoul, and carried outre actively using the resources and
conditions of the WWTPs.

Project@©One Less Nuclear Power Plant

The city of Seoul announced that the city will implemenh e p r ®Opeeless Nuxléar 6
Power Plarfias one of the local energy policies in April 20The main purpose of th®ne

Less Nuclear Power Planproject was that the city would have effective and preemptive
measurements to mitigate and adopt the impact of climate change and energy crisis such as
Fukushima nuclear disaster on March 11, 2044 mational blackout on September 15, 2011

(Yu et al., 2015). Conserving energy and producing new and renewable energy, the city of Seoul
can savehe energyof 2 million TOE, which is the same amount of energy for a nuclear power
plant generate. The goahs achieved 6 month before the end of the project, in June 2014 (Yu et
al., 2015).

2nd Phase afOne Less Nuclear Power PlaRtoject

The city of Seoul started the 2nd phasedhe Less Nuclear Power Plamtroject after

29 Translation by ESLE
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successful completion of thestlphase of the project in 2014. The goal of the 2nd phase of the
project is to realize the value of the project by changing the related institutions and structures of
energy production and consumption for #gendly energy projects. The essential goathe

2nd phase project @One Less Nuclear Power Plarst energy selbufficiency of 20% Figure

1). The energy selufficiency which was 4.2% in 2013 will be increased up to 20% in 2020 by

1) new and renewablenergy and combined heat and power generation (46%), and
improvement of energy efficiency and conservation (54%).

It is required for the city of Seoul to have a fundamental base efd#ilfient energy supply to
make a city oftno-blackoutto be prepaed for energy crisis such as the national blackout
occurred on September 15, 2011.

The three important approaches are conservation of energy including fossil fuel, distributed
production of new and renewable energy, and efficient use of energy.

2020

Figurel. Energy seHsufficiency goal of Seoul (Lee, 2015)

Seoul made a plan to increase energy-adficiency of the city. The plan has strategies to
change Seoul from energy consuming city to energy producing city. The strategyefclu
project to transform the structure of the energy producing and supplying system of Seoul, i.e.,
from large scale centralized system to distributed system. With decreasing power demand of
9,553 GWh, producing new and renewable energy of 2,711 GWh raddgng thermal power
generation andambinedheat andpower generation of 5,444 GWh, the city of Seoul will save

and produce energy of total 8,155 GWh by 2020 to achieve the goal of energyfisaiEncy

of 20% (Figure?2).
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9,000 8,155

8,000
7,000 6,334
6,000 5181
5,000
3,960
4,000 3137
3,000
1046 2285
2,000
1,000

0

2013 2014 2015 2016 2017 2018 2020

I New/Renewable energy Combined heat and power

Figure 2. Energy saving and producing in Seoul through the 2nd phase projéonefLess Nuclear
Power Plarti(Lee, 2015)

The WWTPs can contribute much to successful results of the project by producing new and
renewable energy such as biogas, small hydropower plant, geothermal, and photovoltaic power
generating facilities.

2. Situational Background for Policy Implementation

Sewerage System of Seoul

In the Chosun dynasty (13921897), wastewater from individlihouse was collected naturally

in the lower land area and on the road, and discharged to streams or infiltrated into underground
via ditches. Only the Chung Gye Chun (or Chung Gye stream), the largest stream in Seoul
except for the Han river, was dredgatl managed periodicallfFigure3). According to history,

there was massive dredging and repairing in Chung Gye Chun and Ok Chun to be prepared for
flood from the streams in 1412 (Bureau of Wdtanagement200%). There was a record on
structures used for basic sewerage sy3@mthe Shilla dynasty (57 BC 935 AD). Modern

30 Remains of the drainage systems and ditches were found in the investigation and excavation of the |

ocation of the Yellow Dragon Temple in 1983. It was the evidence to tell that there was a system for w
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sewerage system was constructed and operated after 1921. 225 km of sewer lines including the
main and the branch sewer were constructedidwgal, and maintained until 1943.

The purposes of the sewer system construction and operation at that time were, prevention of
urban flood, accumulation of and contamination by wastewater, and treatment of human waste
discharged from houses.

Storm water thinage had been added as one of the main functions of the sewer system.

The disposal of human waste was changed from being taken away by hands to being flushed
with water due tamprovementin life standard and rapid economic growth with urbanization

and industrialization. Construction and maintenance of WWTP and sewer system got more
interests as the contaminants loads were increased and more of the streams were polluted.

Figure3. Old Chung Gye ChiB1l

Ending the Korean War 1953, massive construction and maintenance of sewer systems had
been carried out in order to rehabilitate the city of Seoul since 1954 with various financial aides
from international organizations. Huge amount of budget was invested and the 1st phase of t

project to cover the top of the Chung Gye Chun in 1959.

An administrative organization to manage the sewerage system of Seoul, Department of
Sewerage, Bureau of Water and Wastewater, on March 17, 1959. Laws on sewerage system
were enacted in 1966, whids an institutional system for sewerage management.

The city of Seoul made a plan to construct the 1st WWTP in Seoul, Chung Gye Chun WWTP in
1965. The project was carried out with the loan of 350,000 US dollars from AID and the
construction of the Chun@ye Chun WWTP with the treatment capacity of 150,000 m3/day
was completed in 1976.

Sewerage service was late to drinking water service. The sewerage serd2evest®7.9% in

astewater in the S hilla dynasty (BC 47 ~ AD 935) (Bureau of Water Management, 2009a)

31 https://goo.gl/i3012cR
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1970 while that of drinking water service was 85.6%. Most of wastewater andsgder flew
through the top of the road not the sewer lines. The sanitation condition in Seoul at that time
was very poor. Not many people could think that WWTP ess®ntiato improve the sanitation
conditions for the citizens. The poor people gatheoe8eoul after the Korean War lived in a
shantytown along the Chung Gye Chun. The Chung Gye Chun or the Chung Gye stream itself
functioned as a WWTP. The other small streams in Seoul were in the same conditions as the
Chung Gye Chun. The sewerage servate exceeded 50% after 1977 and the sewerage system
had been expanded rapidly through 1880The rate increased from 68.8% in 1982 to 85.9% in
1983, after only one year. The rate exceeded 90% in the mids1880 got to 100% in 1997
(Seoul Developmennktitute, 2010).

Seoul held the Asian Games in 1986 and the Olympic Games in 1988 consecutively. The city
had to improve all of the urban environments and WWTPs and sewerage system were
constructed massively and actively. Due to the efforts of the citysévice rate of Seoul
reached 90% in the mid 1980 As the Joong Rang WWTP which was the Chung Gye Chun
WWTP was expanded, and the Tan Chun WWTP, the Seo Nam WWTP, and the Na Ji WWTP
were constructed in 1986, the service rate got to 100% in Ta@rke().

The name of WWTP was renameddiéater Reclamation Ceni@mwhich meant that théVater
Reclamation Centérwas not only a plant to treat wastewater but also a center to recycle
wastewater and produce usefotlaecessaryater resourceRigure4).
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Figure4. The 4 WWTPs of Seoul (Bureau of Water Management, 2009b)

32 The ratio of the population living in the area of sewerage and wastewater treatment service.
Sewerage servicerate = (population within the area of sewerage servie/ total population)x 100 (Kwak, 2007]
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Tablel. WWTPs in Seoul

Tan Chun Seo Nam
Joong Rang Nan Ji (outsource to (outsource to Total
private) private)
Treatment
Capacity
159 86 90 163 498
M
m3/day]
All the 25
Service 4 boroughs, 2 boroughs of

area

10 boroughs

7 boroughs, 1
city

cities

9 boroughs, 1
city

Seoul, 4 cities of
Kyung Ki
Province

Energy Policy of Seoul

The total power consumption in Seoul in 2011 was 46,903 GWh, 16f3%e total national
consumption and energy ssliifficiency was only 2.8%. Due to the low electric power reserve
rate, there was a massive black out in Korea inetu&eoul on September 15, 2011. As it was
very possible to have another blackout in the future, it was necessary to improve energy (power)
selfsufficiency to cope with power disaster (Yu et al., 2015). The city of Seoul has been
carrying out the 2nd phasof the project@®One Less Nuclear Power Plarfaka, Energy
Producing City) to increase the energy seifficiency to 20% in 2020 after successful

completion of the 1st phase of thjectsince August 2014.

The city made a plan to achieve the goathaf energy seléufficiency of WWTP of 50% by

2030 through energy conservation and new and renewable energy production, according to the
Vaster plan for energy sedufficiencydof the Minister ofEnvironment(January2010). As of

2016, the energy seduficiency of WWTP of Seoul is 51%. The next goal of Seoul for the
energy seksufficiency of WWTP is 100% by 2020.

Sustainable Development Goals

UN has announced the new goal®ustainableDevelopmeniGoals (SDGgfor the next 15
years from 2016 to BD after successful completion of the projecédfli | | eDavelopment
Goal$ The projects for SDGs were launched on December 5, 2015 with selection of the post
2015 SDG agenda at the UN General Assembly.

Sustainable developmenan bedefined in many ays, butaccording to IISD (International

Institute for Sustainable Development),h e

Common Futur ebo,

al so
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AfSustainabl e devel opment i s d e v edsamtp withontt t hat

compromising the ability of future generations to meet their own needs. It contains within it two
key conceptsl) the concept of needs, in particular the essential needs of the world's poor, to
which overriding priority should be given; a@ithe idea of limitations imposed by the state of
technology and social organization on the environment's ability to meet present and future needs.
(http://www.iisd.org/topic/sustainabldevdopmen)do UN SDGs include 17 goals and 169
targets Figure5).

GOODHEALTH QuUALITY GENDER
POVERTY AND WELL-BEING EDUCATION EQUALITY

CLEAN WATER DECENT WORK AND 9 INDUSTRY, INNOVATION 1 0 REDUCED
AND SANITATION ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES

1 3 CLIMATE LIFE 1 PEACE, JUSTICE 1 PARTNERSHIPS

ANDSTRONG
INSTITUTIONS

ACTION ON LAND FOR THE GOALS

Figure5. UN Sustainable Development Goatétps://sustainabledevelopment.un.org/$dgs

Although all the UN member courgs of 193 agreed to make every effort to achieve the SDGs,
the main body of SDGs fulfillment has to be city. In this respect, the city of Seoul held
dnternational Forum on Urban Policy for the Sustainable Development@oalsine 8, 2016,
and announcethat Seoul will lead the projects to achieve the SDGs.

One of the prerequisites for SDGs is sustainable production or efficient use and reuse of
resources. The energy production from WWTP isnalispensablgolicy for Seoul to achieve
the SDGs.

WaterEnergy NEXUS

In all cases with water production and use including water treatment using source water from
ground water or surface water, supply the customers with treated water, coB8ciimdy
treating wastewater, discharging the treated effluent to streanse the wastewater, and

33 No energy is required to transfer, collect, and discharge the wastewater in Seoul as the system used

gravitation.
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desalinating brine and sea water, energy is inevitable.

For instance, energy used for water systems in 2011 was 12.6% of total energy consumed
(http://goo.gl/2pFxgQ The energy used for wastewater treatment is about 0.1~.38tab

energy used in the US (Stillwell et al., 2010). In Korea, the public sector uses 4.6% of total
energy and 1.02% of the energy is used for drinking and wastewater systems (Choi, 2015).
Drinking water system uses 0.8% of total energy used in Sedld whstewater and sewerage
system uses 0.9% (Choi, 2015).

Water is also required for energy production. Cooling water for thermal power generation, water
for hydropower generation and mining, and water for fuel processing are the water resources
used forenergyproduction The water used for cooling thermal povgeneratiorsystem takes
48.7% of the total water used for energy production in the T& is 52% of freshwater
withdrawaB4 and 10% freshwater consumptidfiqure6).
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Figure6. Schematic illustration on Wat&mergy NEXUS fttp://goo.gl/UCozak

The approaches recommended building a virtuous cycle of-eaéegy NEXU in wastewater
treatment and sewerage system are as foll@yvenergy conservation, 2) efficient system, 3)

34 Most of the water resource used to produce energy is water of  fwithdrawal SThe water will be backe

d to the water body without any significant changes in its original conditions.
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Best Management Practice (BMP), and 4) new and renewable energy production (Choi, 2015).

According to thescenarie made by National Renewable Energy Laboratory of Department of
Energy (DOE), 50% of water resrce used for power generation can be saved if new and
renewable energy use can be increased to 80% by 2050 (NREL, 2012).

UN reported that 9.2 billion people will live together on earth and energy consumption is
expected to increase by 80% (Le Blanc, 20B2though new and renewable energy take only
10% of total energy produced, the new and renewable energy produced from WWTP has a lot of
meanings and significance as it is the only sustainable energy.

About 30% of energy can be saved in most of WWTPsutiroefficiency improvement and
changes in treatment processes (Means, 2004). 3~6% of total energy used in a WWTP can be
saved only with efficient operation oétionprocess and pumps (Hoppock and Webber, 2008).

New and renewable energy production alevith efficient operation of wastewatéeatment
plant is one of theritical factors for sustainable WatEnergy NEXUS.

Climate Change and WatEnergy NEXUS

In general, climate change reduces the availability of water resources and more energpehas to
consumed to increase the availability. Increased energy demand and financial burden will
magnify the WateEnergy Conflict. The conflict by the severe drought in 2015 could be
moderated by cheaper oil price, did not rise to the surface. As theematgy conflict can be
escalated any time in the future with climate change, the policy for enereguffdiency of

water system ialwaysvery important.

3. Importance of the Policy

There are about 20 communities in Germany to supply the 100% of doeting comminity

with new and renewable enerdychleswigHolstein has 15 communitiend became the 1st

state using 100% new and renewable energy. The communities with 100% new and renewable
energy has limits of geographical characteristics (i.e., wandy mountainous area) and small
population less than 10,000.

According to thedmaster plan for climate protectidfor Frankfurt reported by Fraunhofer
Gesellschaft in June 2013, the city will reduce carbon emission by more than 95% by 2050
compared wh that of 1990 and all the energy demand will be met with new and renewable
energy (Shin, 2016).

It was urgent for Seoul to get prepared for accident like the massive blackout in 2011 through
energy conservation and production capacity expansion for ngéweaawable energy, not only

as the longerm and strategic plan to mitigate and adopt to climate change. It became the prior
energy policy for Seoul to increase power seifficiency to operate the urban infrastructure in
any case including the massiviadkout (Yu, 2015). The WWTP is one of the best fitted urban
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infrastructures to increase system efficiency and produce new and renewable energy.

Improvement of system efficiency and energy production are the most important factors for the
water processetd secure the virtuous cycle of Watenergy NEXUS. In addition, as the
wastewater flows into a WWTP has high concentration of organic materials which can be
converted into various types of energy. In this respect, the identity of WWTP of Seoul has to be
changed fromdreatmenbof wastewater tdproductiordof resources and energy.

Wastewater treatment and sewerage system are composed of the processes with concentrated
investment and energy. Therefore, the tightened water quality standards for thet é&ffloen

WWTP will definitely be connected to expansion of treatment facilities which will increase
financial burden of a local government. Energy -selfficiency of WWTP will contribute to
reducing the financial load of the local government by increagisig® efficiency and energy
production.

4. Relationship with Other Policies

Adoption of Paris Agreement

The Paris Agreement was adopted at the 21st Conference of Parties (COP21), Paris in
December 2015. The agreement was about the new climatspoding mechanism to replace

the Kyoto protocol after 2020’he agreement had meanings and significance as it made all the
countries, regardless of developed and developing countries, work together to mitigate and
adopt the impact by climate change (Kim, 2016

The Paris Agreementds centr al aim i s to streng
change by keeping a global temperature rise this century well below 2 degrees Celsius above
pre-industrial levels and to pursue efforts to limit the tempeeaincrease even further to 1.5

degrees Celsius. Additionally, the agreement aims to strengthen the ability of countries to deal

with the impacts of climate change. To reach these ambitious goals, appropriate financial flows,

a new technology framework dmn enhanced capacity building framework will be put in place,

thus supporting action by developing countries and the most vulnerable countries, in line with

their own national objectives. The Agreement also provides for enhanced transparency of action

ard support through a more robust transparency frame(uiieCCC, 2016).

In addition, the agreement requested eamimtryto make and report strategies for letegm

low greenhouse gas (GHG) emission development by 2020 (Kim, 2016). Korea proposed 37%
redudgion by 2030 BAU in June 2015. The countries also agreed on establishment of
international carbon market to achieve reduction of greenhouse gas emission.

Low Carbon Economy and Sustainable Development

One of the important meanings of the Paris Agreensemihe Pos2020 will be the platform to
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implement low carbon economy. As Korea depends its energy mainly on fossil fuel, it will be
necessary to have projects to improve energy efficiency and policies on active production and
use of new and renewableezgy.

The technicalbases for reduction of carbon emission include energy efficiency improvement,
CCS35, new and renewable energy. The domestic market size of related industries is expected
to be 47.2 trillion KW in 2030 (Won, 2016). The GHG emission fideoul in 2011 was 49
million ton CO2eq and took 9.8% of total emission in Korea. It was relatively low comparing
with its population and size of economy. But, the structure of emission does not look desirable
as the relative importance of energy consunmptimved from the direct emission source such

as gasoline and coal to indirect one including heat and electricity (Yu et al., 2015). The city of
Seoul announced that it would reduce 10 million tons of GHG by 2020 after the 2nd phase of
the project@One LesdNuclear Power Plafti.e., 79.5% reduction from the GHG emission in
2011. The goal will be achieved by improvement of energy efficiency of buildings (28%), new
and renewable energy production (21%ergy conservation (21%), LEPL%), savings in
transpotation (6%), and heat energy production (ZBjFigure?).
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Figure7. GHG reduction goal by the 2nd pha&ne Less Nuclear Power Plaftu et al., 2015)

As the city of Seoul declardthe leadership irinitiative of local government for sustainable
developmerdat the 1st International Forum on Urban Policy for the Sustainable Development
Goals in 20186, it is verimportantfor the city to secure technical and political fundamentals to

35 cCs:Carbon capture and storage

36 Energy efficiency improvement of buildings: 2.9 million ton CO,eq, new and renewable energy prod
uction: 2.1 million ton CO,eq, energy conservation: 2.1 million ton CO,eq, LED 2.1 million ton CO,eq, t

ransportation: 576,000 ton CO,eq, and heat generation: 245,000 ton CO.eq
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achieve the SDGs effectively. New and renewable energy production from WWTP has
significant meaning for Seoul as well as from the level of country.

5. Goal of the Policy

When transforming the wastewater with high concentration of organics into eaadyy
resources, theoretically about 10 time more energy can be extracted than required for treatment
of the wastewater. Some WW@&Pin Germany and Denmark are producing more energy than
required for treatment, i.e., energy salffficiency is over 100%.

The energy selfufficiency of WWTR #1 Seoul is 51.3% as of 2016. The goal of the project
2020 is to produce new and renewable energy from W#/m@re than 100% of energy needed
for treatment by 2020Hgure8).

60%
48% 50%
29% I I
2014 2015 2016

Figure8. Energy seHsufficiency goal for WWTB of Seoul

The city of Seoul has been preparing the comprehensive energy management plan fas WWTP
since May 2016. The energy oriented management plan will be completed in J2Biliarfpr
three different time frames, i.e., short, mid, and {@1gn plans.

The plan will include 1) goal for energy ssilifficiency of the WWTP, 2) sound foundation for
energy oriented management of WWTP, 3) expansion of energy production and pravhotion
energy business, and 4) projects for energy conservation and efficiency improvement.
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6. Main Contents of the Policy

Mast Plan for Energy Se$ufficiency of WWTP, MOE

The Ministry of Environment of the central government of Korea announcedVitser Plan

for Energy SeHsufficiency of WWTBto save energy and produce new and renewable energy
using green environmental technologies in 2010. According to the report for the plan, the
electricity used in WWT®& was about 0.5% of the total power usedarea but the energy
selfsufficiency of WWTRs was only 0.8% (MOE, 2010). The plan had three-sfep goals;

18% of energy selfufficiency in the 1st stage (2010~2015), 30% in the 2nd stage (2016~2020),
and the 3rd stage (2012~2030) 50%.

The goals willbe achieved through 1) energy conservation, 2) building fundamentals for energy
selfsufficiency, 3) Utilization of unused ene@® 4) production of natural ener@§(MOE,
2010).

[Energy Policy of Seoul] Seoul has just completed the 1st phase of the pnejegt, dOne

Less Nuclear Power Pld{2012~2014). The goal of the 1st phase of the project was to reduce
consumption of energy and produce new and renewable energy of 2 million TOE, which is the
power generating capacity of a nuclear power plant. ftg@tSeoul has been carrying out the

2nd phase of the project, known éSnergy producing cify to increase the energy self
sufficiency of Seoul to 20% in 2020 (SMG, 2014).

Power generation Wasted EIA
(Photovoltaic/Fuel cell) heat
26
20 18
15
10
6
5
2011 2012 2013 June 2014

[Unit: 104 TOE]

Figure9. Energy production in Seoul (SMG, 2014)

37 Biogas from digestion process, small hydropower generation, wastewater heat

38 photovoltaic power generation, wind power gen eration
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The largest part of energy production comes from the energy produced from the wasted heat
such as wastewater heat and it takes 46% of all the energy produced and saved TaSle@ul (
Figure9).

Table2 Energy production in Seoul (SMG, 2014)

: Energy Production
Energy Producing Process [104 TOE] Remark
Power Generation 57,403 22.1% | Photovoltaic, fuel cell
Wasted heat and geothern 119,218 45 9% Wastewater heat, burnin
heat heat, geothermal heat
EIA 82,912 31.9%
Total 259,533 10.0%

Energy Saving and Production in WWT and Sewerage Systems

As discussed above, the main approaches ofGbeprehensive Energy Management Plan for
WWTP%can be catgorized as follows; The first category is on building the foundation for
energy seksufficiency. The detailed projects for this approach are replacement and
rehabilitation of the old facilities an@mewablesnergyproduction fromanaerobicfermentation

of organicsludge. The second approach is capacity increase to save more energy and produce
new and renewable energy. The projects to achieve the seategbryof the project are,
energy saving by management of electric power demand, expanding utilizb@ygas from
digester, increasing capacity of sludge drying facilities, and active discovery of unused energy.
The last category is about energy efficiency and process optimization. Streamlining process
managemenof WWT system and energy saving fromstewater treatment processes are the
projects for the third approach.

7. Technical Contents

The WatetEnergy NEXUS in wastewater treatment systems, can be built from two approaches.
One is energy saving by improvement of system efficiency and theisthmducing new and
renewableenergy from WWT systems.

Considering the structural characteristics, the processes from which system efficiency can be
expected include sewage collection, wastewater treatment, water reuse, and discharge of the
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treated wasteater.

568,000 kWh of energy is required to collect 1 m3 of wastewater in the US (Klein, 2005). The
problem with wastewater collectiothrough old pipe system is costs for old system
improvement and decreased system efficiency by I/l (Inflow and Infilimatiéortunately, the

city of Seoul doegih need to use energy to transfer wastewater as wastewater is collected by
gravitation in Seoul. But the city has to deal with increased treatment cost due to old pipe
systems.

The improvement of system efficiency imastewatertreatmentprocess has limit due to
regulatory rigidity on water quality standards of the effluent and structural characteristics of
financial operation and support for wastewater treatment system. For example, 13~29 billion US
dollars of finan@l investment is required to improve the aged and deteriorated wastewater
treatment system for the next two decades (CBO, 2002).

The process that uses most energy in wastewater treatment is aeration, which uses about 54.1%
of the total energy used in wieolvastewater treatment process in the US while the energy for
pumping is 14.3% and digestion is 14.2%. In Seoul, wastewater treatment process takes 64% of
the total energy used in a WWT, while 15% and 21% of energy is consumed for sludge
treatment and comom facilities, respectively (Choi, 2015).

Water reusg9 has advantage in energy savings not in wastewater treatment system itself but in
transferring through pipe system as water does not need to be pumped from source to treatment
process and distributiomf use as water reuse is done at the point of use.

Only the new and renewable energy production among the whole-B/ategy NEXUS is
discussed in the report as energy production is much larger than energy saving.

The city of Seoul has to treat 4.1 million3 of wastewater every day as of 2014 and a part of
biogas generated in the treatment process was burned out in the incinerator. The Nan Ji WWTP
covering the northwestern part of Seoul has built and operated the 1st combined heat and power
plant with thecapacity of 3.1 MW using biogas since March 2013. Another biogas of 26,000 m3

is supplied every day to Korea District Heating Corporation. The corporation generates about
20,000 MWh of power every year and 24,000 GCal of heat supplied to 8,000 hous€&helds.
Joong Rang WWTP covering the northeastern part of Seoul produces 6 million m3 of biogas
every year and sells them as the city gas. 7.8 billion KW of the capital cost including the gas
purification facilities was invested from the private sector.

Total energy used in the WWTPs in Seoul as of 2016 is 64,944 TOE (

39 7~8% of the effluent from the WWTPs were reused in the US  (EPA, 2012)while only about 3% of wa
stewater was reused in Seoul in 2010. The city of Seoul will increase the percentage of water reuse to
14.4% by 2020.
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Table3). Electricity takes 78% (50,781 TOE) of the total energy for the WWTPs
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Table3. Energy consumption in the WWTPs in 8Eby energy source

Energy | Electriciy | Heat oil LNG Biogas | Total
Source recovery
Consumption 50,781 5,391 41 22 8,709 64,944
[TOE, %] 78.2% 8.3% 0.1% 0.03% 13.4%

The process which uses the largest portion of electric power energy is blower fornaeratio
process. The energy for blower takes 49% (24,811 TOE) of the total energy used in WWTP
(Figure10).

Figure10. Electric power consumption in WWTP of Seoul (Lee, 2016)

Considering the anditions discussed above, t@omprehensive Energy Management Plan for
WWTPSincludes 1) building the foundation for energy sifficiency, 2) energy saving and
new and renewable energy production, and 3) enhancing system efficiency and optimization.

Building the foundation for energy selifficiency

As blowers consume about 50% of electric energy of a WWTP, the city is carrying out projects
to replace the aged and deteriorated facilities including blowers with new and efficient ones. In
addition, $udge drying facilities are constructed to make the sludge intdGué&he energy
produced from the dried sludge is estimated to be about 392 TOE.

40 projects of construction of slu dge dryers: energy production 392TOE, project period : January 2016
~ December 2019, capacity : 1,175 m3/day (Joong Rang 350, Nan Ji 130, Tan Chun 140, Seo Nam 555)
2 Existing drying facilities : 950 m3/day (Lee, 2016)
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Energy saving and new and renewable energy production

Electric power demand control project is carried touteduce electric power consumption. As
discussed before, the aged blowers will be replaced with new blowers with higher efficiency
and energy saving functions. Power consumption during the peak season will be managed much
more tightly.

The biogas frondigester is the most tangible energy source among the new and renewable
energies produced in a WWTFhe quality of biogas will be improved by tight maintenance of

the desulfurizing facilities. The amount of biogean be increased by adding chemicals to
increase the yield. The capacity of the sludge dryer will be increased by 1,175 m3 by 2019 and
the dried sludge will be sold as fuel for thermal power plants.

The city will actively search for unused energy such as small hydropower generation using hight
difference of the effluedtl and heat supply to households in the area using wastewa#?.heat

Enhancing system efficiency and optimization

The operation of process in a WWTP will be optimized with advanced monitoring system.
Energy consumption will be maged by plant and process to improve efficiency of treatment
system. Optimization of the inflow pumps and efficient blower operation system corresponding
to load fluctuation will be implemented to enhance system efficiency. In addition, highly
efficient dl pressure motors for dehydrator and concentrator will be installed as one of the
energy saving wastewatieatmenprocesses.

The operation manual and incentive system to motivate energy saving is being prepared with
replacement and improvement of preses and devices for higher system efficiency.

New and renewable enerqgy production

The energy seléufficiency goal for the projecEnergy Producing Cify the 2nd phase of the
projectdne Less Nuclear Power Plans 20% by 2020. The ongoing projeets of 2015 are
as follows Figurell).

Project to use the biogas as fuel is a project to supply with the biogas from digestion process as
the city gas. The annual energy saving estimated from the project is28hHo0® TOE from the
4 WWTPs in Seoul.

Photovoltaic power generation project is a project that makes use of the large space of WWTP
to generate electric power using photovolia@nels Private sector agell as the city of Seoul

41 Projects of small hydropower generation : Joong Rang 60kW, Tan Chun 60kW
42 Heat supply to the area using wastewater heat (Seo Nam) : 150,000 Gcal of heat supplied to the Ma

Gok community annually (plan to be completed in October 20 17)
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invested together for thagject. Photovoltaic power plants with total capacity of 5,545 kW are
operated in the 4 WWTPs of Seoul and the annual energy saving from the project is estimated to
be about 1,586 TOE.

Projects of combined heat and power plant based on biogas use baygadidester, produce

heat and power at the same time, and supply the customers with the heat and power. The heat
from biogas combustion is supplied for digester heating first and the remaining gas is supplied
to the heating company in the area. The eldtyris sold to power trade market with higher

price. The projects are based on private investment projects. The plant in the Nan ji WWTP has
the capacity of 3.06 MW while that of the Seo Nam WWTP is 5.8 MW.

Projects on natural lighting for the undergrduutility tunnel use the sun light to light up the
underground utility tunnel. The underground utility tunnel is improved into place with clean and
pleasant conditions. Although the contribution of the project to energy saving is not big, the
annual energgaving by the project is estimated to be about 20 TIDE.systems are installed
and operated in the 245 utility tunnels in the Joong Rang WWTP and the Seo Nam WWTP.

Projects to recover heat from the effluent is a project to recover heat from the effiungnbeat

pump and use the energy for heating and cooling the offices and buildings in the WWTP. The
Nan Ji WWTP and the Seo Nam WWTP use the energy for cooling and heating buildings and
save about 12 TOE annually.

The most tangible project is the prdjés supply biogas as the city gas. The projects were also
based on private investment. The wasted biogas is purified and supplied to the households as the
city gas. The Joong Rang WWTP supplies with 26,000 m3 of gas every day. 5.3 million m3 of

biogas issupplied to about 7,000 house holes every year through the project.

Figure1l New and renewable energy producing facilities in WWTPs in Seoul [Clockwise from the top
left, combined heat and power plant (Seo Nam), recovered ingalygxg unit (Tan Chun), Photovoltaic
power plant (Seo Nam), small hydropower plant (Seo Nam), Power plant using biogas (Seo Nam), natural
lighting for underground utility tunnel (Joong Rang)]
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Heat supply to the area using wastewater heat is carried idutprivate investment. New
projects for new and renewable energy in 2016 include small hydropower generation and heat
supply to the area using wastewater heat. More than 200,000 Gcal of heat is generated annually
in the Tan Chun WWTP and supplied to 2@ 0®useholds for heating. The heat recovered in

the Seo Nam WWTP will be supplied to the community of Ma Gok with private investment.
The community of Ma Gok will be supplied with 150,000 Gcal of heat annukitiyie12).

Wastewater Heat Supply Process to Regional Heating System

Regional Heating System Residential Area Wastewater Treatment Plant
2

Wastewater Facilities using Wastewater Heat
treatment
facilities

Wastewater

Parks in the
plant

Regional Heating

Effluent

7:2C
>

70 °C

<

' [Source: Seoul Metropolitan Government]

Figurel1l2 Schematic illustration of heat supply to the district using wastewater heat

Projects of small hydropower plant using the effluent use the difference in height of the effluent
for small hydropower generatiofhe Seo Nam WWTP started to operate the plant with the
capacity of 100 kW in April 2015 while a plant with capacity of 60 kW has been built in the
Joong Rang WWTP since November 2015. The wasted potential energy of the effluent can be
used as a good soerof new and renewable energy.

@ Combined Heat & Power
H (City Gas
M Fuel for vehicle

# Food waste

Small hydropower
Wastewater heat
Dried sludge
Photovoltaic power

E B K B

Wasted heat recovery

Figure13. New and renewable energy production in the WWTPs in Seoul
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8. Effect of the Policy

Functional change of WWTP and improved energy-satfficiency

The only function of WWTP in Seoul wagatment of wastewater. The modern WWTP is not a
treatment plant any more but a power plant producing various types of enavgll as water
resources from wastewateFigure 14). The main function of WWTP is @mging from
treatment to energy generation and resources recovery.

The city of Seoul can achieve the goal of the 2nd phase projétinef Less Nuclear Power
Plabsuccessfully and contribute to @WNSDGs achievement. Seoul can be evaluated to have
techni@al and political foundations through energy slfficiency projects to move to low
carbon economy.

Business model based on PPP(PuBlivate Partnership)

Huge amount of budget is required to construct and maintain urban infrastructure including
enery related facilities.The size of the structures in Seoul is the largest in Korea and the
projects cannot be carried out only by public sector in terms of technical capabilgil &s

financial capacity. The city of Seoul carried out the projects tdym® and supply the new and
renewable energy from WWTP based on multilateral cooperation business model for the city,
private sector, and energy companies in the area to invest, construct and operate the systems
together. The project to supply heat to &énea recovered from wastewater heat was taken as a
successful project with business model based on the largest PPP in Korea. The similar business
model was applied for the project of small hydropower generation, i.e., the WWTP provided
with space for powegeneratiorfacilities and carried out the administrative process while the
private sector invested finance to design, construction, and operation of the facilities and would
make earnings by sales of the energy produced from the facilities.

The project wa also taken as a model @few growth engine for green indudiry.e. the local
energy company could use the wastewater heat with lower price instead of supplying heat
produced with higher priced LNG. The company could lower the unit price for supply,
correspond to new heat demand, and secure reserve of heat (Choi, 2016).
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Energy Productionin WWTP
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Figure 14. Schematic illustration of new and renewable energy production in WWTP of Seoul
(https://goo.gl/vSbxpe

Overcoming technical adversities and expagdew technologies

For the project of small hydropower generation using head difference of the effluent to generate
power, the effective head has to be larger than 2 m. The city of Seoul developed new technology,
(ower generating system with small heatt flowd to use small head effectively by using
water flow and velocity.

(Baek, 2014). As the system can use water flow and velocity under small head condition, the
technology can be applied to other WWTP with the similar conditions. Operated subgessfu
the project can be a new growth engine and contribute for job creation.

Reduction of GHG and transformation to low carbon economy

Seoul already achieved energy salfficiency goal of 51.6% proposed by tfiaster Plan for

Energy Seklsufficiency d WWTPOof the Ministry of Environment, 15 years prior to the target
year. The total energy required for all the 4 WV@8Ia Seoul is similar to those needed for the
70,000 households in the Ha Nam city. The amount of energy saved and utilized from the
processes of WWTP of Seoul including unused energy is the same as the energy consumed by
the 37,000 households in the Sok Cho city. The financial effect can be calculated to be about
35.4 billion KW and the city could reduce about 3,5000 tons of CO2 emis#lothe project.
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9. Difficulties and Overcome

The main adversities in producing new and renewable energy are financial and technical
difficulties. As in the cases of other urban infrastructures, it takes huge amofimarafial
investment and high lelef technical capacity for construction and operation of the facilities to
recover resources and produce energy.

One of best way to overcome the difficulties is to adopt private investment and technologies
based on the PPP (Pubkeivate Partnership) bumess modelFor instance, the city provides

with space for the businesnd theprivate sector constructs and operates the systems to
generate electric power and sell the electricity to make profits.

The successful operation of the system for new anelwable energy generation and resource
recovery in Seoul, can be a good model for pyticate cooperation.
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Efficient Drinking Water Supply System:
Revenue Water Ratio(RWR) Improvement Project

Young Jun Choi, Water Research Institute

1. Time of Policy Implementation

The Revenue Water Ratio (RWR) Improvement Project has begun with the start of the special
organization focused on drinking watee.j. Seoul Water Authority, in 1998. Although there
were projects to increase the system efficiency before, it can be said that the real plans and
projects to improve RWR have been carried out by Seoul Water Authority since 1998.

In 199@s, the first prioy of drinking water policy was still on qualitative issues. As the
drinking water quality of Seoul was improved to the wdrtbt level, the city of Seoul made
plans to increase the efficiency of water system, i.e., RWR improvement, and started new
projeds.

Improvement of RWR can be directly related with streamlining the management in water
business.

2. Situational Background for Policy Implementation

The beginning of water system can go back to the earliest history of human being as we need
water to ive. Thearcheologicakvidence told us that the history of water system in Korea goes
back to the 7th centu#. The system was very fundamental one to supply the citizens with
groundwater and clean surface water through pipe system made of wood and/or cla

43 rlt was known that drinking water was supplied through clay pipes in the period of the United Shilla Dynasty in t
he 7 f 10" century after aqueduct and water ways with clay pipes were found in the An Ap fond in Ku Hwang Do
ng, Kyung Ju city, Kyung Sang Book Do in 1974 Rf A Centennial History of Seoul Waterworks System, 2008
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Modern Waterworks System

The modernwaterworks system of Seoul started to be operated in 1908 with construction of
Tukdo WTP and supply the citizens with the treated water from the Tukdat¥VDRring the
Japanese occupation starting in 1910, the aigpaf drinking water production and supply
system was not increased with population growth during the period as the treated water was
supplied to only few restricted citizens. Although Korea won its independence in 1945 with the
end of the 2nd World Wapolitical turmoil and sociainstability continued. Due to the chaotic
conditions, few people concerned about urban development and operation/maintenance of social
infrastructures.

The Korean War

The political turmoil grew to the tragedy of the KoreaarWh 1950. During the war, the total
number of the dead, missing, and wounded soldiers was 973,000 while that of civilians was 2.1
million, i.e., One of fivemembered family was dead, missing or wounded. This was not only
enormous damage for individual dafior society but also national tragedy. The damage on
industrial facilities was so huge that about 35~90% of urban infrastructure was destroyed by the
ward5b. It took years for Korea to recover the damage by the war.

Economic Growth

Water demand grew rafly with expansion of urban area and explosive increase of population
by economic development in 1980The population of Seoul increased by about 3.3 times from
2.5 million in 1960 to 8.1 million in 1979. The population growth rate was same as the rate t
build a city with population of 300,000 every year ][ The city of Seoul spurred urban
development t@accommodat¢he rapidly increasing population. The 25% of the current urban
area of Seoul was developedli®60s and 197& [ ].

Expansion of Tap Water Production and Supply

Seoul made every effort to correspond to the changes in&L26@ 197& by increasing
drinking water production capacity and expandingrteevork system for treated water supply.
It could not be enough to cope with the explosively increasing water demand with rapid

44 September 1, 1908 is known to be the beginning of drinking water supplied in Seoul from the modern style wat
er treatment plant, the Tukdo WTP.

45 rIn terms of the infrastructure for waterworks system, 30~90% of water treatment plants, 5~10% of pipe network

system, 60~80% of booster stations, and 90% of communication systems were destroyed by the war. R[]
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population growth.

310,000 m3 of drinking water was produced every day but about 57% of the treated water was
lost due to thelilapidatedwaterworks facilities (i.e., RWR of 43%) [].

Seoul had extended the waterworks system with tgeaB plan since 1965 even with the
difficulties mentioned above. The goal of the plan was old pipacement and scientific leak
management. The financial problems could be solved by the international funds and issuing
national bonds.

Although some of the plan had problems in coping with the population increase, the water
supply condition of Seoul hadbn improved graduallyF{gure15).
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Figurel5. Time line of population and drinking water production capacity of Seoul

Over 90% of the citizens could get water service in #880m 60% i 196@46. As the water
demand could be met by increasing the production capacity, the city increased the storage
capacity of water reservoirs, built booster stations, and decreased leakage by replacing old pipes.

As discussed above, there were rapid gtdalization and urbanization with the implementation

of the national economic development plans, and rapid increase in water demand with
population growth, in Seoul in 1980 The city focused on increasing drinking water production
capacity and improvip supply systems in 19@0and 198&. As the results, the waterworks
system of Seoul could provide the citizens with sufficient drinking water, in terms of quantity.

Quality Improvement of the Tap Water

The source water, i.e., the Han river, was pollutéth incomplete treatment of waste water in
the early 198&. The city had difficulties to treat the dirty source water such as using too much
chemicals.

46 The percentage of population connected to drinking water service was increased from 92.7% in 1980 to 99.9% in

1992 by expansion of drinking water production capacity from 3.1 to 6.2 million m S/day [ ]
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With the Asian Games in 1986 and the Olympic Games in 1988, the city made many efforts to
set the Hn river in good condition including building and expanding the waste water treatment
plants.

There were many accidents of water pollution including increase of ammonia nitrogen
concentration in local waterworks system and phenol flowing in to the Nakd@ndocated in
southeastern part of Koregpeninsula The tap water quality became a national issue as more
of the citizens did not trust the quality of tap water][ The central government of Korea made

the &Comprehensive Plan for Clean Water Supplyd launched innovation projects including
aggressive protection of water sources, prevention of water pollution, and improvement of
drinking water treatment system.

The city of Seoul made the waterworks senhoghly specialized7; 1) Launching a research
institute for research and development on water treatment technologies, scientific water quality
management, and increase in system efficiency, 2) streamlining monitoring and management of
source water protectin areas and active correspondence, 3) improvement and replacement of
the old facilities in the water treatment plants, and 4) massive replacement, cleaning, and
rehabilitation of old pipes in the supply network]L

The drinking water quality as well as the source water quality could be maintained in world
class level with the launch of Seoul Water Authority and the efforts made by thEigitye(16).
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Figure16. The number of water quality monitoring items and the turbidity of the treated water [

Improving Efficiency of the Water Business

Thegoal of drinking water policy changed from quality apuantity to efficiency of the system

47 The Seoul Water Authority only for drinking water production and su  pply for Seoul was launched in 11/ 1989
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as the city secured enough capacity of the waterworks system for qualitatigeartdative
goals. The city could produce enough drinking water by increasing the capacity of water
treatment plants and supply the zdtms consistently with enough of high quality drinking water.

Water reservoir is a water storage facility in the middle of water supply system and can secure
consistent supply of the drinking water to the citizens by controlling the amount of water
supplied directly to the citizens. The capacity of water reservoir is critical for consistent supply
of drinking water to the citizens, as well as the capacity of water treatment.

Expansion and improvement of water reservoirs were not in the main projectthist @sority
of the policy was on capacity building for drinking water production.

More resources could be invested in the early &9%fter the city had enough production
capacity. The total capacity of the water reservoirs reached to 1.3 million &%) which
couldguaranteeontinuous supply of drinking water of 6.4 hours in any case.

As discussed above, the city could increase the RWR dramatically through installation of
indirect water supply system using water reservoirs, and detailed leakaggemamt by block
systen,

T h &Revénue Water Ratio (RW&is defined as the ratio of the volume of water paid by the
customers to that suppli€&igure17). The higher RWR means water loss in supply system is
minimized. The water system with higher RWR can increase the managerial efficiency as the
water demand and supply can be controlled precisely.
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Figurel7. International standard terms on water balance by IWRA [

48 A block system can be definedasa pi pe net wor k sy s tbecksRconsieringstte dharacteristics of
the area (i.e., elevation, road, stre ams, and rail ways) in order for efficient network management and easiness of wa

ter demand control [ ]. It is also called as District Metered Area (DMA).
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3. Importance of the Policy

The water business of Seoul is quite different from otphablic organizations in its
organizational, managerial, and financial characteristics. The water business of Seoul is one of
the public services pwided by the local government of Seoul. At the same time, it is operated
as a local public company, i.e., the finance of the Seoul Water Authority is controlled as a
special budget system depending only on the water tariff from the customers basedfen a sel
supporting accounting system.

The Seoul Water Authority has the mission to provide the citizens with clean and safe drinking
water as one of the public services. At the same time, the Authority has to achieve the goal of
rationalization of administratioand management as a company.

It is very important to reduce the prime cost and the operational cost through increasing the
RWR and to collect the water tariff correctly for rationalization of water business management.
It is critical to maintain the fiance sound by increasing the RWR which is the ratio of the
volume of water secured as tariff income to that of total produced and supplied [

Although it® not easy to increase the RWR, the goal can be adhieraigh longierm plan for
reducing norrevenue water by cause and consistent implementation of the plan. The main goal
of water business is, generally, improvement of the system in terms of quantity and quality. Cost
reduction and improvement of thedi of the citizens by increasing the system efficiency, can
be the goal for the next step project. The city of Seoul could build an efficient water system
through RWR increasing project.

As the results of the efforts, the Seoul Water Authority could iserghe financial self
sufficiency and achieve rationalization of administration including replacement of old pipes,
renovation of water treatment plants, outsourcing of a part of operation to private sector, and
advanced redemption of debt with higher iagt rate

The financial seksufficiency of the Seoul Water Authority increased from 95.4% in 2002 to
100% in2004. The debt decreased by 75% between 2002 and 2007, i.e., 600 billion KW in 2002,
540 billion KW in 2003, 396 billion KW in 2004, 325 billion K\ii 2005, 203 billion KW in

2006, and 150 billion KW in 2007. The city of Seoul could have frozen the water tariff for 12
yeargl9 since 2001 and return the benefits to the customefs [

High RWR is a base for fmand sustainable water system as it can rationalize management of
water business and make the finance sound. RWR is one of the most important factors to
continue the virtuous cycle of water businesq.[A sygem, financially and technically stable,

can achieve the essential goal of water business, i.e., to maintain water safe in quality and secure
water enough to supply, and also have direct advantages in water tariff. The real meaning of the
policy related wih higher RWR is to provide the citizens with happy lives by supplying clean
and safe drinking water.

The RWR of Seoul was 55.2% in 1989 when the Seoul Water Authority started its business. It

49 The water tariff of Seoul was raised by 9.6% only once in 2012 since 2001. The increased production cost could

be covered by rationalization of management.
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reached to 95.2% in 2015 after continuous efforts to incréesdr¥WR. The results of the
project between 1990 and 2013 can be summarized as reduction of drinking water of 7.5 billion
m3 (which can be used by 10 million citizens of Seoul fér B years) and calculated as 4.2
trillion KW of financialbenefit. The numér of leak cases was reduced by 82.5%, by which the
city could save about 1.8 trillion KW of budget. As the production could be reduced by the
increased RWR, the 4 of the 10 WE&Rtotal capacity of 7.3 million m3/day) could be closed,
i.e., 6 WTHs with the capacity of 4.4 million m3/day was enough to meet the water demand.

The WTHRs closed were renovated to parks and recreational spaces for the citizens to increase
the standard of life [ ].

4. Relationship wth Other Policies

Although the policies for water demand and supply is related with other policies of the city, it is
not affected much by other policies as the impact by changes of other policies is not that large to
the water policies. Therefore, theliptes related with the RWR may not directly relate with
other policies than water.

Regeneration and Rehabilitation of Urban Areas

Regeneration and rehabilitation project for old residential areas are closely related with the
RWR project. As the projectsr urban rehabilitation may take more than 10 years from plan to
completion, it may be hard to replace old pipes and manage pipe network efficiently. The
project for higher RWR can be hindered by inadequate maintenance and remaining old pipes
and abandozd pipes. Inadequate pgsbject measurement after demolition of buildings and
treatment of abandoned pipes, can increase the possibility of leakage. It can also increase the
amount of water leaked as it takes long to repair the supply system whean ieh&s

It is necessary to have measurement for facilities management including preventing leak, and
closingabandone@nd forked water posts, at the early stage of the urban rehabilitation project.
A systematic management using O/M card can be a goaupdxaDetailed water demand
management by installing water meters on the main pipes in the area where the rehabilitation
project is carried on. Control on water supply and pressure is also required to meet the
decreased water demand by closed water pogtth@usehold move.

Upgrading GIS

It is necessary to update the GIS for systematic management of the facilities as well as for urban
rehabilitation project. Although the projects related with upgrading GIS can be performed
separately from the project todrease RWR, it is recommended to design the two projects
together as GIS is a very useful tool to increase RWR. The project to increase RWR can be
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managed efficiently by registering and managing the information related with urban
regeneration project artita related with pipe network.

Facilities to Control Electrolytic Corrosion

The most important technical target for the project to increasing RWR is the pipe network and
corrosion is related with leakage in the pipe network. Installation of the il control
electrolytic corrosion can affect the RWR directly in the conditions with lots of underground
facilities. As the corrosion control facilities installed on the water pipes can promote corrosion
on other facilities, the corrosion control fatids need to be installed and operated considering
the effect on other facilities in underground.

Urban Safety

Leak from water main can cause safety problems such as road sink. The RWR project has to be
designedo help other projects for the safety bétcitizens.

Other Water Policies

Other water policies related with the RWR improvement project are, water demand and supply
managemenb0, pipe network improvement projects (replacement, rehabilitation, and
management of old pipes), and investment andj&uolperation strategies.

5. Target of the Policy

The RWR of Seoul is worltbp-level of 95.7% as of August 2016. After thorough evaluation on
capacity of each local service office including conditions of-sii@ block management, field
conditions suchas regeneration/rehabilitation, and water supply management by flow
monitoring systems, the city decided that 0.2.3% of increase every year could be achieved
and set the goal of 97% in 2022. This level of RWR may be the maximum level that a
waterworkssystem can achieve. As investment may be more than profit by increasing RWR
above thislevel of RWR, the goal of a RWR project needs to be set systematically and
scientifically.

The ultimate goals of RWR project are, 1) improvement of efficiency of watgiem by

50 Water Demand Management (WDM) is a managerial approach of developing and implementing strategies to aff

ect water demand to consume the restricted water r  esources fairly, efficiently, and sustainably [ , ]
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management of RWR at higher but approprlatel, 2) steady supply of drinking water with
higher quality, and 3) improvement in productivity of water system through balanced
demand/supply management.

6. Main Contents of the Policy

The main ontents of the policy include;

Launching and operating a dedicated organization for drinking water

Projects to reduce leakage using scientific and systematic leak detection based on ICT
Projects to measure night minimum flow

Projects to replace and rehdile old pipes

Installation of water reservoir system using gravity

Scientific water management based on water flow monitoring system

=A =4 =4 =4 =4 -4 A

Knowledge sharing programs to improve RWR

The project to improve RWR was carried out by phase as follows.

[1st Phase] was the initial stage of RWR increase project. It started from 1989 when the Seoul
Water Authority was launched and until 1995. One of the largest advancements at that time was
launching of the drinking water dedicated organization. It is necessary toahdedicated
organization to carry out projects related with increasing RWR through the strat@sgjection

and concentratian

Another goal in this time of period was to construct fundamental basis to increase RWR, i.e.,
installation of monitoring systes. Zonal flow meters were installed to monitor water flow by
unit area. Each local service office could complete the monitoring system to estimate precise
water flow in and out of the system. The projects carried out between 1991 and 1993 for
replacementind rehabilitation of old pipes could be another basis for the RWR improvement
project.

[2nd Phase] was the stage of fedlale project promotion between 1996 and 1999.

The Seoul Water Authority made a teskceteam for RWR improvement on October 12989

The TFT was one of actions for the strategies for field operation of the project based on
Gselection and concentratidooncept. More detailed data and information were collected from
the monitoring systems installed in the 1st phase. The project taggaeRWR started with
analyses on the accumulated data and information.

Precise amount of water supplied was measured and the RWR was estimated and managed.
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Inadequate water meter was replaced for more systematic and scientific flow monitoring. The
whole distribution area in Seoul was-oeganized into 2,037 small blocks and minimum night
flow was measured. The RWR could be increased based on the straigigidefand conquér

Another important policy related with the improvement of RWR was one abdaan ur
regeneration. As discussed above, urban regeneration projects takes long time from plan to
completion and the waterworks systems within the project area might be managed poorly. It is
required more concentrated and detaitexhagemernn the waterworksystem. As the city had

more of urban regeneration projects, the management on the waterworks system within the
project area was managed systematically and intensively since 1999.

[3rd Phase] was focused on making the results of the previous projettisahie. In other
word, the project of RWR increase was settled in this phase starting in 2000 until now.

The main goal of the policy in this phase was to maintain the high RWR consistently by
constructing production and supply system for RWR increase.

The TFT for RWR increase was reformed into a permanent organization, the department of
RWR, and the department became an organizational base to increase the RWR continuously and
systematically.

The city had changed the water supply system intodtidirect water suppl$ system by
expanding water reservoirs between 2000 and 2003. Witlirttizect water suppfysystem

with operation of booster stations, the authority could manage water pressure within appropriate
level. Water meter reading was outsourcegrigate sector in 2001 as it had little to do with
RWR increase although meter reading was very important business of the authority.

The management of pipe network was carried out in two approaches; the abandoned pipes were
managed systematically and thé&/R was managed by milze block unit. In the water supply
management, the city started supply analysis and flow control based on the information from the
flow monitoring system.The city could detect leaks in the pipe network successfully by
introducing echnology calledmultipoint leak noise correlatdrAs the results of the project,

the RWR of Seoul has reached to werldss of 95.2% in 20153-{gure18).

100% -
95% ** ””’ 95.2%
90% - L 4

85% |
80% -
75% -
70% -
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RWR []

55% - 4 55.2%

50% T T T T T T ]
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Figure18. The RWR of Seoul
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Economic feasibility is one of the most important factors to be considered to design an RWR
improvement project. Economic loss by leaked water must be compared with the project cost to
increase RWR Kigure 19). The cest by water loss is originated from physical loss and
commercial loss. Physical loss is calculated with operational costs such as labor cost, chemical
cost, energy cost. Commercial loss is estimated from water tariff. The cost for RWR
management is defineas the costs used for RWR improvement including costs for labor,
equipment and transportation. The cost for Rwtianagemendefinitely increases with RWR
increased [ ]. Although it depends on the financial atechnical conditions of the water
business in the area, the RWR over 95% is close to the-bveakpoint of investment and
revenue. The focus of policy for future RWR needs to be more on managing and maintaining
the RWR efficiently while increasing RWR ssll important.

A
Economic zotal cfo“s!tR;vCost of water lost +
level of NRW osto management
B ......................
N R , i
i i Cost of water lost
Costs : :
] : Cost of NRW
; : management
H > g

NRW

Figure19. Determination of NRW considering economic feasibility][(As RWR is the oppositeoncept
of NRW, the graph can be understood as upside down relatiorfdRify® and economic feasibility)

7. Technical Contents

Replacement of Old Pipes

As of 2015, the total length of the pipe network of Seoul is 13,697 km, i.e., about 1.1 times
longer than the diameter of the earth (12,756 km). The most effective wayreéaseéhe RWR

is to replace the old pipes in the supply network system. The Seoul Water Authority invested
budget of 1.7 trillion KW between 1984 and 2013 to replace the 87% (11,221 km) of the old
pipes. The authority has replaced 97% (13,292 km) oflthpipes in 2016 with total budget of

3.3 trillion KW. Remaining 405 km of the old pipes will be replaced until 2018.

Although it differs by pipe material and diameter, the life of the pipe asset is generally 30
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year®1. The replacement of the old pipesha be a continuous project based on technical and
financial consideration. Criteria to determine the old pipe has to be established for the project to
be effective. Studies on asset management are required to secure the efficiency of financial
investmenfor RWR increase.

Measuring Minimum Night Flow (MNF)

Minimum Night Flow is defined as thmeasured rate of flow into any distribution network or
district meter area during thminimum demand period on a given nigbisually it is between
midnight and 4AM. Although the conclusion aheasuremerdepends on type of water supply,
when the result of the flow measurement is between the minimum allowable leak of 0.5 m3/hr
km and 1.0 m3/hRkm, leak detection is carried out intensively and measurements to manage
leakage is taken. The city of Seoul had measured the MNF at the 2,03%igmdllocks
between 1998 and 2005. Currently, the MNF is measure for selected blocks. It takes overnight
for 5 staffs to measure MNF of a block. After the valve installed at dhedary of blocks is

fully closed to separate the block, the water flow and the water pressure into the block are
measuredKigure 20). The remaining staffs check water meter with noise detecting poles. The
water flows in all of the manholes in the block are also checked by naked eyes. If the staffs find
any suspicious observation, they get into the manhole by themselves to check any leakage.

General DMA setup. (Source: Adapted from IWA Water Loss Task Force)

Figure 20. Minimum Night Flow and District Meatred Area [fttp:/goo.gl/ginMIXLeft),
http://goo.gl/JuOatRight)]

51 Life time: Literally, it means time to use a device or a facility with original condition. In waterworks s
ystem, it means time to maintain the facility in conditions acceptable by the city or the national standa

rds even after contamination and physical deformation and changes in water supply. Life time of a pip

e is hard to be specified as it can be affected by vari ous factors including pipe material, age of pipe, u
nderground condition where the pipe is buried, soil corrosiveness, traffic condition, population served,
population density, water pressure, and water flow. Currently, the life time of pipe system is decid ed co

nsidering financial depreciation.
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Systematic Leakage Management based on the Block System

A dlock systendis defined as a system of water supply rekaconsisted of separated areas
considering the characteristics of the area (altitude, roads, streams, railroads etc.) for efficient
management of the water supply network and control on water demand and sup@ynjilar

concept of District Metered Area (DMA) is also used internationally. It is very effective to
analyze the changes in water demand and supply and leakage when the area for water supply is
divided into small unit areas based on the hydrauliclitimms. The water supply (flow, pressure,

and quality of water supplied) in a block can be managed efficiently based on the more detailed
data and information, and it helps increase the RWR.

As of the end of 2014, there are 2,037 srarlé blocks, 100 rdisize blocks, and 29 largaze

blocks in Seoul. The water supply network of blocks was constructed based on the unit block,
the smallsize block. Old pipes replacement, leak detection, and facilities check are carried out
by the smalkize block. The MNFmeasurement for all the 2,037 srrgilte blocks had been
completed between 1999 and 2005. The RWR management by thesizmdlock is very
efficient but requires too much of time, cost, and lafable 4). Currently, the city of Seoul
manages the RWR by the nize block. If the RWR of the misize block is low, the RWR is
managed by the smatdize block.

Table4. Process of RWR management by the sisiak block [ ]

Step Goal Contents

1st step| Fundamental investigatio] To make list of current condition of the block includi
of the block separation of the block, characteristics of the block,
current conditions of facilities for water sulp

2nd Selection of block To select relatively weak block with many leak ca
step among the blocks separable

3rd step| Measuring water suppl] To measure water supply and consumption in the sr
and consumption size block three times

4th step| Estimaton of the RWR; To make strategies and plans to increase the F
Plans and strategies f{ considering changes in water supply and consumptic
the RWR goal

Geographic Information System (GIS)

The essential point in the RWR improvement project is to redater loss in the water supply
system. The most fundamental and effective approaibbais detectiobandGeplacement of the
old pipe® For the RWR improvement project, it is essential procedurdidgnee the
conditions of pipes buried undergroundeyent leaks, and reduce loss by aged pipes.

Precise information of location and attributes of water pipegairgessentiato increase the
RWR. GIS is a database and computerized management system to accumulate and manage
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graphic and attribute data foommon facilities, water pipes and attached facilities. A user can
search for spatial information using waterworks GIS, manage construction, analyze and predict
leakageThis can be a preemptive management method for the RWR improvement.

The city of Seolbuilt waterworks GIS between 1998 and 2001 for efficient management of the
pipe network for water supplfféble5).

Table5. History of GIS building in Seoul []

Goal Contents

Building the waterworkd 1998: Plan for the waterworks GIS of Seoul
GIS 1999: Launching the project to build the GIS
2001: Completion of the GIS

Stabilization of the GIS 2002~2004: Maintenance of the GIS

Advancement oftte GIS 2005: Improvement of the GIS
2007~present: Improving the accuracy of the GIS DB

The number of leak cases has been decreased continuously by the precise spatial information
after the waterworks GIS was installed in the Seoul Water Authdilitg. @st for repairing

leaked pipes could be saved big as precise drilling on the leaking point was possible. The quick
and preciserepair could reduce time to cut off water supply and increase the cifizens
satisfaction on water service of Seoul. The watera/@kS will evolved into a decision making
support system with scientific analysis and prediction as well as support field work efficiently.

Water Pressure Control using Water Reservoir System

A water reservoir is water storing facility to supply thezeihs in the area with water supplied

from water treatment plant. The drinking water supply system in a city has to maintain
consistent water flow and pressure even in the case of black out or leakage. Without water
reservoirs, the function of continuouster supply cannot be secured. As the city of Seoul has
many hills and mountains, the city makes use of the water reservoir system based on elevation
difference for effective water pressure management as well as effective water quality and energy
managemen

The city of Seoul had constructed the local, the 1st and the 2nd water reservoirs since 2000. As
of 2015, there are total 120 water reservoirs in Seoul with the total capacity of 2.4 million m3.
The elevation difference between the reservoirs is &ut. A community is supplied with the
drinking water from the upper water reservdiigiure 21). With this system, any excessive
water pressure can be controlled at appropriate level. It is very effective systeaddoing
leakage. In addition, as the water from WTP can be pumped to water reservoirs using relatively
cheap power at night time and supplied to the citizens by gravity at day time, the cost for energy
to pump can be saved a lot.
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The total retention tne in the water reservoirs is about 17 hours, which is much longer than 12
hours required by the waterworks system standards of the Ministry of Environment.

5% of all the water reservoirs in Seoul have shorter retention time than 12 hours. The authority
has plans to increase the capacity of water reservoirs and build new reservoirs.

3 lavel reservoir

Water Supply System by Reservoirs !
® Total capacity of the reservoirs [m3] 2 level reservoir @ J

® Average retention time of the reservoirs ’
X

1=t level reservoir @ J
9,

Local reservoir o J
9

242mil. tons

Water Treatment .
Plant

1.55mil. tons

2000 2013 The communities located between local reservoir and 1%t level reservoir get tap water
supply from the 1%tlevel reservoir, and so on.
The water pressure can be optimized by the water supply system by reservoirs

Figure21. Water supply system of Seoul based on water reservoirs [

[Multipoint Leak Noise Correlatoris a device or a system fining leaking point by detecting,
collecting and analyzing acoustic data by leakage from water pipe. The device is very effective
to determine leakage by the accuracy of 80%. When there are many pipes buried in relatively
narrow pace or the water supply and consumption is fluctuated much in the area, or there is big
noise by structural characteristics, it may be very hard to analyze the data as the ratio of signal
to noise (S/N) is too small. Therefore, it is recommended to talda at night time when the

water consumption and noise from surroundings is smallest, and increase the number of data
collection.
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I T e

Figure 22. Leak detection using multipoint leak noise correlatof] [Upper left: leak detection device,
upper middle: installing data logger in the valve room, upper right: data collection from the logger, lower
left: data analysis, lower middle: symptom of leak (red dots), lower right: ledkroation through data
analysis)

8. Effect of the Palicy

As mentioned above, the effects of the project to improve the RWR is evident and direct for
water policy. Higher RWR means that water loss in drinking water production and supply is less.
It could reduce drinking water production, cost for water source, and costs for materials and
energy for treatment and supply processes.

As the result, the managerial efficiency of the waterworks business becomes higher and the
citizens can have financial benefénd trust the public service of Seoul including the drinking
water service. The social benefit from the citiZisadisfaction is priceless.

As the RWR of Seoul was over 80% in 2000, the city could supply the citizens with enough
drinking water from thaVTP& with the total production capacity of 3.4 million m3/day. The

rate of the WTP operation was about 60% lower than the recommended 75%. As the results, the
part of Gui WTP in 2002, the part of Tukdo WTP in 2003, and the Shin Wall WTP in 2003, and
Bo Kwang WTP in 2004 were closed. Extra water due to increased RWR could be supplied to
the nearby cities with rapid population growth and increased water demand and the city of Seoul
could make additional profi.

Increased benefit of the citizens due to ithproved RWR resulted in frozen water tariff. The
city of Seoul could freeze the water tariff for 10 years between 2001 and 2011 with increased
financial capacity through the RWR improvement project.

The increased production costs could be compensatdteliWR increase and organizational

52 After investigation of water supply conditions in nearby cities within water supply area of Seoul in 2
001, the city decided to supply the cities of Kwang Myung, Han Nam, Ku Ri, Nam Yang Joo, Kwa Chun,
and Sung Nam w ith drinking water of 75,000 m 2 every day. The Seoul Water Authority has a planto s
upply other cities of Eui Jung Boo and Dong Doo Chun as along -term project and makes every effort

for ftap water sales§ .
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reform, and the city could reduce financial burden of the citizens. In 2012, the water tariff of
Seoul was raised by 9.6% to make budget for financial investment on the advanced water
treatment process. The water tahifis been frozen again since 2013 through continuous RWR
improvement and efficient management.

The closed WT& were transformed into parks and recreational facilities for the citizens and
contributed to increasing the quality of public service for theesis.

The successful project of RWR increase improved the cifimatsfaction on various public
services of Seoul including drinking water service by the Seoul Water Authority.

9. Difficulties and Overcome

One of the largest difficulties for thegject to improve the RWR was the underground facilities
buried with the urbanization of Seoul, as the complicated conditions did not allow effective
replacement or rehabilitation of old pipes. Through the project to improve the precision of the
waterworks GIS, the city could understand accurate location and structure of underground
waterworks facilities including pipe network. The GIS has improved continuously.

More systematic and scientific separation and management on block unit has been carried out
for more detailed management on leakage.

The urban infrastructure for waterworks system in Seoul has been stabilized decades ago.
Another aspect of stabilization of system is that the system gets old. Although 97% of old and
corrosive pipes were replaced atidodthem will be replaced with new pipes by 2018, the pipe
replaced in 1984 when the replacement project started became old pipe to be replaced. That is to
say, consistent financial investment and preemptive old pipe replacement are required to
maintainthe performance of the waterworks system in outstanding level. The problems can be
solved with longterm financial investment plan and asset management system.

Although the water reservoir system is also stabilized, support from the citizens in thedarea an
the borough office is inevitable for increasing the capacity of water reservoirs and building new
reservoirs. To make parks and recreational facilities on top of the water reservoirs can be a good
approach to solve civil complaints related with wateeresir construction. The city needs to
communicate with the stakeholders at the beginning of the project to build water reservoirs.
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New Renewable Energy
(One Less Nuclear Power Plant)

Jong In dong / Eui Taek Jeong, University of Seoul®

1. New Renewable Energy System and Policy

Based on the official effect of the Tokyo Protocol in 200% predicted that the obligation of

reducing greenhouse gases will need to be performed during 2008 to 2012eauiihs a

biggest energy consumer loreai s required to support the gov
energy and renewable energy policies vesl as make concerted efforts to promote the

reduction of atmospheric contamination and the relief of global warming.

Through the Seoul Energy Decl aration in Seoul i
society vision and the obligation teduce greenhouse gases were established. Furthermore, the

65 year Green -BodDW) b6 Whanp(@PO9ed to apply | ow
develop green cities. Along with this plan, demonstrative cities with respect to the low carbon

urban restortgon project and low carbon energy saving new city developments were selected

and supported. From this, the specialized new renewable energy supply project was initiated for
residential housing, buildings, and regions.

Seoul reflected the regional propest and the flow of the international society in order to
est abl Bnerdy MésterePladd i n 2008. This plan proposed t he

sustainable energyd and, in the following vyea
EnergyMa st er Pl an t o an kEmwgyMastePtl aen 662 W0 u8e oyl t he
6l ow carbon green growthdé. To realize this pl ar

the low energy consumption city, energy recycling city, and energy neadfey. To initiate the

three strategies, specific plans were established, such as guarantees of basic energy rights, in
addition to long and short term energy saving, increases in efficiency, and low carbon energy

supply plans in the home, commercial Idings, transportation, and public fields. In 2011,

Seoul city set the goal to reduce the emission of greenhouse gases, reduced energy usage, and
increased use of new renewabl e energy as part
the 060208r0eeSreoludsi gn Masterpland was established

53 Translation by ESIE

111



Seoul Plicies That Work Environment

of the governmentodos policy of | ow carbon green

emphasizes the properties of the metropolis of Seoul, and includes integratesharidrin
plans.

As an integrated means tife One Less Nuclear Power Plant Plahrough reduced energy

consumption and increased generation of new renewable energy, the goal of reducing 2 million
TOE of energy by producing 410 thousand TOE of new renewable energy (including solar
power and hydrgen cell), and reducing 1.59 million TOE through low energy consumption and
the efficient use of building transportation energy, was established in 2012.

In 2014, the goal of Phase 1 of the One Less Nuclear Power Plant Plan was achieved, and Phase
1 initiation projects were effectively reinforced and expanded to new fields in order to initiate
Phase 2 of the One Less Nuclear Power Plant Rlamms to reducé0 million TOE of energy,
gain20%of energypy 2020, ando reduet of 10 million tors of CO2 ofgreenhouse gases.

Tablel.Compari son of Phas e ©nellesaMudlealPowef PlaStélaru | Cityos

Phase 1 Phase 2

1 Energy selreliant city, Seoul

Vision T Energy seHreliant construction - Three values of energy: independen
sharing participation

1 20% power independence rate (2020

T Reduction of 20 million TOE o - Reduction of 40 million TOE of energ:
energy reduction of 100 million ton o
greenhouse gases

Goal

i Change of the social structure throu
institutionalization

- Dispersive energy generating city

Strate 1 Production, efficient use an

. - Efficient low consumption socie
ay saving of new renewable agy

structure
- Innovative energy employments

- Warm energy sharing community

Task 1 71 projects in three fields 1 88 projects of 23 tasks in 4 fields

Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City

One Less Nuclear Power Plant Plan

Seoul city predicted that the reduction of 2 million TOE in Phase 1 of the One Less Nuclear
Power Fant Plan would be completed in the first half of 2014, six months earlier than planned,
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and so discussed the methods of establishing the succeeding plan from January 2014.

Phase 2 of the One Less Nuclear Power Plant Plan comprised various means siopedfes
meetings, citizen discussions, and the analysis of overseas cases to realize the values of energy
selfreliant programs, sharing and participation as pursued by Seoul. These were based on
improved policies and the innovation of the energy consumgtiwcture achieved by Phase 1.

Discussions of Phase 2 of the One Less Nuclear Power Plant Plan were conducted around
government al
commi tteebd

private

executive

and

governance
asoudsed the e/aluesxardevigions of Bhase @ mmi
of the One Less Nuclear Power Plant Plan. In order to establish an efficient executitkeplan
existing four divisional committees were reformed into five divisions of general affairs division,
energy generatiordivision, energy efficiency and saving division, energy industry and
employment division, and energy welfare and the community division. Through many meetings,
the tasks required to achieve the visions and values were devised. Furthermore, an initiation

plan was discussed, and a forum was heldiscuss policyhe energy industry to colldarbad
opinions of professionals and citize®.

Table 2.Phase 2 Executive Plan of One Less Nuclear Power Plant

General Affairs

Division

Production
Division

Efficiency ad
Saving Division

Industry and
Employment
Division

Community and
Welfare Division

*  QOrganization
of plans

* Reformation of
policies and
regulations

* Renewable
energy

* Dispersive
energy, etc.

* Building and
transportation
sectors

* Eco mileage,
etc.

* Industry and
employment
support

* Social
corporation
support

* Low income
class support

* Donations and
sharing projects

~ Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City

To devise projects in Phase 2 of the Onesliésclear Power Plant Plan, the opinions of citizens

were actively collected through discussions and internet forums. The name was selected as

N u ¢ | nramimgcoPpetitienrin Pl ant
February 2014 In March, a survey was conducted @000 citizens orthe awareness and

6Phase 2

of t he

willingness to

undert h e

t heme of

One

participate in
Fiction Festival forOne Less Nuclear Power Plant Plan Phase 2 was held at Seoul City Hall
citizere@mtCunl i ght

610 mil |

Less

i on

of Sattenddd byl0O0 citizens to voice their opinions.

Phase 2 of the One Less Nuclear Power Plant Plan was planned to effectively reinforce the
projects of Phse 1 and to manifest thenergyvalue through a progressive change of the

t he

produdion and consumtion structure ofenergyand eccfriendly policy. Furthermoregfforts

% Combined Plan of theSeoul Sustainable Energy Action PlaGeoul City (2014)
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were made tesupplementhe problems including lack of governance and integratedexegcutive
which were found in phase Moreover, the committee focused on application of newly
developed technologies, introduction of previously implemented policies and exploration of
new tasks.

2. Policy Goal

The management of quantitative goals in PHasd the One Less Nuclear Power Plant Plan
evolved to energy value goals in Phase 2, deducing the three values of energljaseH,
energy sharing, and energy participation.

Energy SeHl | * Decreased dependency on external energy to facilitatesersion into g
Reliance responsible energy consumption city

* Generation of safe and sustainable energy in preparation for an energy
crisis

* Expansion of energy industry and employments through the process of ¢

selfreliance
Energy * Citizens who enjoy energy services share their resources to energy m
Sharing classes and sharing with the future generation

- Coexistence through energy welfare in minority classes and
distribution of energy generation and consumption

Energy * Construction of energy governance for the establishment and execut
Participation| energy policies

* Publication of energy information and policies, and provision of educatior
training opportunities

Figure 1.Three Values of Phase 2 of the One Less NucleaePPlant Plan
Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City

Seoul city has set the goal of expanding energyrseiince from 4.2% in 2013 to 20% by 2020.
46% of this rate is to be achieved through new renesvabkergy and thermal convergence
development, and 54% is to be achieved through improved energy efficiency and energy saving.

As a core index, energy seHliance pursues the energystice from an energy consumption

city to a generation city, and reftecs r egi on al energy policies that
policies on mass production and mass transmission. Furthermore, it is also an index for
ascertaining the initiation achievements of the increased efficiency policy and the generation of
dispersie energy. The goal energy sedliance rate is an index that represents the generation of

new renewable energy and dispersive energy, efficient usage and saving, and can be considered

as the goal achieved by increasing generation and reducing consurhpgom.are difficulties,
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however, in reflecting the effort and achievement of reducing other energy sources, such as
fossil fuels, and thus, the reduction of greenhouse gases and the amount of generation and
reduction of the total amount of energy (TOE aoncurrently managed.

The amount of energy consumption in Seoul in 2020 is prospected to be 50,330GWh, which
applies the 1.2% increase rate of the average energy usage in Seoul over five years from 2009 to
2013. Energy consumption is planned to be redutw 40,777GWh by 2020, by reducing
9,553GWh through Phase 2 of the One Less Nuclear Power Plant Plan. 5,639 GWh will be
reduced through increased efficiency of energy by introducing BRP and LED, and 3,914 GWh
will be reduced through energy saving usingtimods such as eco mileage.

In addition, 8,155 GWh of energy is to be generated through the expansion of new renewable
energy and thermal power generation, as well as heat convergence generation, in order to
achieve an energy seakliance of 20%. Througlhe generation of new renewable energy,
including 256GWh of solar power and 2,365GWh of fossil fuel, a total of 2,711GWh of energy
will be generated, and 1,195GWh of group energy, 803GWh chealf convergence energy

and 3,446GWh thermal energy will generated to equate to 5,444GWh of energy.

H¢ : Gwh H¢ : GWh
9,000 50,330
50000

8155
8,000
7,000 6,334 48000
461555
6,000 5,181
5000 46000 " A
3,960 43694 g 9533
4000 EREYS 44000 4802 .
4603+,
3,000 2,85 i
1,946 " 43/ e
2000 42000 42498-,._
I 4
2013

1,000 I
40000

2013 2014 2015 2016 2017 2018 2020 2014 2015 2016 2017 2018 2020
| ARHMolIx] 313 guE W AHE BRP LED 0o ZokRIA]

e
o

Prospects of Energy Generation Prospects of Energy Consumption
& Reduction Rate

] New Renewable Energy I Consumption

Thermal Heat Convergence Eco mileage

Figure 2.Core Index: Prospects of Achieving an Energy-Rdfiance of 20%

Source: One Less Nuclear Power Plant 2 Seoul SustaiBablgy Action Plan, Seoul City

Seoul city las proposed the goal of reducing 10 million tons of greenhouse gases by 2020, a
20.5% reduction compared to 49,008,000 ton CO2eq of emission in 2011. To achieve this, there
are plans to improve energy efficiency by 2,861,000 tons COZ2eq, generate 2,1#48900
CO2eq of new renewable energy, save 2,119,000 tons CO2eq, supply 2,094,000 tons CO2eq of
LED, transport 576,000 tons CO2eq, and generate 245,000 tons CO2eq of thermal energy.
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Figure 3. Reduction of 1 million tons of Greenhouse Gases

Source: One Lss Nuclear Power Plant 2 Seoul Sustain&plergy Action Plan, Seoul City

3. Necessity of Plan

S e oslehefgyselfreliance ratds remarkably low compared to energy consumption, and the
generation of new renewable energy is a mere 1.5% of the energlyngption. Thus, there is a
need for a new paradigm regarding energy policy.

Although nuclear power is a cheap and efficient source of energy, significant sacrifices and

costs arise if a problem occurs, demonstrated by the Fukushima nuclear accidesu.irséaul

city is reducing the need ftine nuclear power plants through the generation of environmentally

friendly energy sourcesAs much as9 0 % o f greenhouse gases, whi ct
temperature, are caused by the generation and consumptemey; thus, Seodlas made

efforts to decrease the rising temperatofethe earthand tomake Seouhealthy and safe for

future generations.

Due to possible depletion édssil fuel and climate change, new renewable energy is noted as

t he f udtainabke &rergyssaurce. However, the new renewable energy sources that have
been developedo farencounter problems of low energy sufficiency or costs. There is a need,
therefore, to introduce better reseaariddevelopment and policider new renewale energy.

Seoul is making an effort to further expand new energy and renewable energy sources that can
be introduced.
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Figure 4.The Need for theOne Less Nuclear Power Plarlan

Source: One Less Nuclear PoweatIPlan Guidelines, Seoul City

4. Main Policy Contents

One Less Nuclear Power Plant Plan Phase 2 primarily initiates 10 core projects divided into 88
unit projects ad 23 tasks. It has four basicidelinesof the dispersive energy generation city,
social structurewith energy efficiencygood energy work sites through innovation, and the
warm energy sharing community.
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4 Guidelines of Energy Policy

Expansion b
Dispersed Generatio

5 Tasks, 19 Projectg

EnergyEfficient City
9 Tasks, 34 Projects

Good Energy Work
Site

4 Tasks, 17 Projects

Realization of
Welfare through
Sharing

5 Tasks, 18 Projects

1. Seoul City of
Sunlight! Project

2. Opening of thg

dispersion Bergy
generation era if
buildings

3. Expansion of grou
energy to 60,00(
units by saving 209
of heating cost

4. Finding unuse(
energy within the city|

5. Active support for

energy sekreliance
with innovative
policies

1. Proclamation 0]
zero energy in ney
buildings

2. Healthy  ang
comfortable

architectural city|
through energy
diagnosis anc

increased efficiency

3. Reinforced

responsibility of
increasing efficiency
in energy in the
public sector

4. LED light city
Seoul!

5. Reformation to low
energy consumptiol
urban space structurg

6. Expansion of gree
car supply

7. Energy saving
traffic  environment
city

8. Settlement of ai

energy saving citizel
life culture

9. Creation of the
worl dbés be
city

1. Creating greet
energy work place
with the citizens

2. Customized
support for each
phase of the life cycls
of green energy
corporations

3. Construction of thé
green energy industr,
and green technolog
infrastructure

4. Fostering green 7]
based green energ
innovative
technologies

1. Construction of
citizen participating
energy welfare func
(platform)

2. Guarantee of bas
energy rights

3. Conversion an
increased efficiency
of reducing energy
costs

4. Special means fg
the energy minority
class

5. Energy community
project

Figure 5.4 Energy Orientation Pdis in of the One Less Nuclear Power Plant Fhase 2

Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City
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Dispersive energy generation city

Next is a focus on the initiation of the 4 projects of citizen participatitspersed power, new
renewable generation, and regional specialize energy. The initiation goal is to expand small
scale dispersive power through new renewable energy and thermal convergence generation.

Citizen Participation

Dispersive Power

New Renewhle
Generation

Regional Specializeg
Energy

40,000 mini solar
power

61 MW selfthermal
convergence

300MW solar power
and fuel cell

1.65 million Gcal
cooling heat and

burning heat

~Figure 6.Initiation Goal of Dispersive Energy Generation City

Source: One &ss Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City

More support isofferedto expand the supply of new renewable endéegybythe publicsector

to includethe small scale generation of private buildiragswell as the initiatiomf policies
joined by citizens, including mini solar power, sunlight generation citizen funds, and mini
power plants.

Along with the obligatoryimplementationof dispersive power, policies to increase power
generation are implementedo achieve this,Seoul will introduce strictercriteria forthe
environmentalimpact assessmentand lower the city gas cost for fuel cells and thermal
convergence generation.

1) Production of OHealthy and Clean Electricit)

- For the conveion of citizens from energy consumers to energy generators, interest in

environmentally friendly energy is induced by
generation facilitiesdé, which then allow easy i
- 10MW solar power generation facilities will be installed on urban roads and streets by 2018 to

compose a Osunlight generation citizen fundd, \

- The installation of solar light is continually expandedhgsunused spaces (such as school
roofs and corporate buildings), and the locations for the installation of solar power generation
facilities using public sites are then diversified.

- The improvement of policies for the expansion of installing solar pgeeeration facilities is
continually carried out while the reintroduction of the FIT policy is proposed to the central
governmentopresereprofits of small scale generation businesses.
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Figure 7. Solar Power Generation Facili Figure 8. Current Status of Solar Pow
Building Generation Facilities

(Source: SeouRemarkable Environment Polig (Source: Seoul Remarkable Environment Po

(Energy City Seoul) One Less Nuclear POV (gnergy City Seoul) One Less Nuclear Poy
Plant Plan, Seoul City) PlantPlan, Seoul City)

2) Safe City with Dispersed Electricity Generation

- As of 2013, there were 4fhits ofBOMW selfthermal convergence generation facilities, such

as apartments and buildings, in Seoul. Thermal convergence generation facilities, which
generate electricity and heat in large buildings, are to be expanded from 90MW in 2014 to
150MW in 2018.

Figure 9.RooftopSolarPanel inGangseo Agricultural Market

Source: One Less Nuclear Power Plant 2 Seoul SustaiBablgy Action Plan, Seoul City
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- In order to increase the power independence rate of housing, old boilers are replaced with
extra small heat convergence boilers. These generate electricity and 10,000 sterling engine
boilers are scheduled to be supplied to individual homes, sucladmapts and villas, by 2020.

- The stability of the operation of city based facilities is maintained through an emergency
power supply by installing 174MW fuel cell plants. These have the effect of a high attraction of
private investment and power indegence by 2018, and installing 20MW fuel cell in city

based facilities, such as rail bases (Shinnae, Suseo, Jichuk) and the Seonam water regeneration
center.

- Group energy supply facilities are to be constructed for the stable supply of heat sourees in t

Magok region. The expected heat demand will be responded in connection to the Mokdong

t her mal convergence plant and GS Power 6s Buche
power plant facility is to be constructed in 2017 for use as a stable heat ster@®20.

- Efforts are extended to impropelicieson expansion of dispersive power. In order to increase
the installation of new renewable energy facilities over the newly constructed large buildings
with surface areas of above 100 thousand m2 Sedulhave higher score on the obligatory
installation of new renewable energy facilities as one of the deliberation criteria of EIA.

Rl
EsEzzN

I
in
"
"
]
"
"

Figure 10.Case Study of Solar Light installed on a Roof
(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Batigy Plan, Seoul City)

3) The maximum use of energy in adjacent cities and wasiergy

- Wastal thermal energy is collected for regional floor heating. Hydro energy sources are
actively extracted from Jamsil reservoir, water regeneration centetgyuaification centers,

based on substantive prdjgto install a 3,160 scale hydro power plant by 2018.

- Wastel heat sources from adjacent local governmant private corporations acellectedto
supply the heat source for 10 thousand units, and 35 thousand Gcal is to be supplied per year in
connetion with the metropolitan heat pipe networks in 2018.
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- Through the participation of citizens, the creation of resources is promoted by enhancing
recycled waste of vinyl and fabric. Waste vinyl bins will leedin all regions of Seoul to
recycle 243,00Gons by 2018, and separated disposal of fabric will be enforced to recycle
168,000 tons of waste fabric by 2018.

Enerqgy efficient social structure

Buildings consumes6% of energy, 87% oflectricity, and vehicleseleas@0% of greenhouse
gas emissionsyhich cause atmospheric contamination. Tisr@wvsan urgentneed for special
means to combat thisincluding the efficient use of buildings, LED supplies, environmentally
friendly traffic, and urban planning.

Efficient Use  of| Supply of LED Environmentally Urban Plan
Buildings friendly Traffic

Energy diagnosi{ Public 100% (2018)| Increased charge fq Production of energy
systematization Private 25% > 65% greenhouse ga map, reinforceg
(2015) (2018) emission inspection of

Publication of energ) environmental

efficiency (2015) efficiency

" Figure 11Initiation Goal of an Energy Efficient Low Consumption Social Structure

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)

Support, such as facility improvement cosirie are continually expanded for the efficient use

of energy, while the introduction of the obligatory efficient use policy is supplemented in
consideration of the fact that the policy is still in a nascent stage. To achieve this, policies
related to the mvironmental effect evaluation deliberation standards, green architecture
planning standards, and public architecture planning standards are reinforced. Moreover, the
concurrent application of institutional regulations and the efficient use of energflanted to

the market value of buildings to compose a basis for the efficient buildings project to be
initiated by market principles. Furthermore, the obligation of diagnosis, substantive application
of architecture energy consumption verification polayl the publication of energy grades will

be initiated.

1) Introduction ofimproved energy efficiency and market principlésr buildings through
policies

- Seoulwill have have stricter deliberation criteria fenvironmentaimpact assessment(EIA)
obligate the installation of the building energy management system (BEMS), and replace all
lighting in buildings to LED lights by 2018 in order to improve the efficient use of energy in
large buildings and large scale development projects. This will resfibre construction of
buildingswith thelevel 1 energy efficient.
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- Policies are to be improved twave stricter energyaudit programon large buildings that
consume 2,000 TOE of energy, and an energy reduction model for each application (including
hosptals, schools, professional facilities, and hotels), is to be developed and supplied through
research.

- A financial basis is to be composed, such as loans for the efficient use of energy in buildings
and housing; the scale of these loans and the bem&fgcof this support for efficient buildings

are to be expanded, and eneagplitis required upon applying for any BRP projects, in order to
encourage the reinforcement of the BRP project.

- The beneficiaries of the loans are to be expanded to inelelgyaudit ecofriendly boilers,

and air conditioning devices, in addition to windows and insulation, as well as installation and
replacement, operation systems, and monitoring costs. Furthermore, up to 15% of asset tax is
exempt upon obtaining the nayreen architecture certificate or architecture energy efficiency
level, and the same benefits are applied to existing building efficiency projects.

- The verification system of the energy efficiency level evaluation report is to be enforced for
the valueof efficiency projects applied to buildings to be reflected in the trading price of
buildings.

2) LED light inall public facilities

- 100% of lighting in public buildings, subway stations, and security lights are to be replaced
with LED lighting by 218, and 65% of lighting in private sectors, which accounts for 30
million units, is to be replaced with LED lighting.

q . Ly
1|
i

_ ) Figure 13. LED installation at Dongdaemu
Figure 12.Solar panels installed at Yangche History and Culture Park

River
(Source: One Less Nuclear Power Plant 2 S¢

(Source: One Less Nuclear Power Plant 2 S¢ gy stainable Energy Action Plan, Seoul City)
Sustainable Energy Action Plan, SeQity)

3) Humanoriented energy saving traffic environment city
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The car sharing project, whickaves energy through the reduction of traffic consumption,
achieves the effecsquivalent to theeduction of 3.4 vehicles p@ne participatingzehiclea

year andequivalent to theeduction of over 10,000 personal vehiclis 3,000 shared cais

yea. Furthermore, the system is to be reformed to focus on consumers in apartments, public
organizations, and corporations, to expand from 1,500 vehicles in 2014 with 1.68 million users,
to 3,000 vehicles in 2018 with 2.5 million users.

- Electric vehiclesare estimated to achieve the effect of reducing 25% of greenhouse gases
including the generation phase compared to standard vehicles. Thus, the emission of fine dust
and the consumption of energy are to be reduced through the supply of electric vetéeles (g
cars).

4) Settlement of public culture of saving resources and energy

-The <citizensd representative energy saving pl
continued. 1.68 million eco mileage members in 2014 is to be expanded to 2.8 members by

2018, and 850 thousand TOE of energy, such as electricity and city gas, is to be reduced. To
achieve this, members will be obtained through connection with various new renewable energy
sources, BRP, LED, and consulting projects, while optimizing energy reduttrough

monitoring, effect analysis and feedback of the participants.

- Discarded garbage is recycled and changed to energy, while various projects are initiated in
order to connect such processes to employments and industries. First, recycling siiditine
installed in housing units to increase the recycling rate and to provide employineut1,128
stations in 73 quarters in 2014 will be expanded to 3,500 stations by 2016, and the effect of
employment creation will be increased through thecieffit management of recycling stations

by appointing a total of 10,000 station managers with 15 to 30 managers per quarter.

5) Reflectingenergyconcernsn city policies including climate energgap andurban plans

- An energy map is to be producedu® used as basic data upon establishing main urban plans
and climate environmental plangncluding city plans, and site usage plans. The energy map is
to reflect the researched properties of each region and building with respect to the distribution of
use, climate, and the current usage of energy source.

- In order to compose living zones for minimizing the loss of energy consumed during commute

and rush hours, the 062030 Basic Urban Pland wi
composition ofpedestrian friendly living zones adjacent to work and housing, the reformation

of spatial structures within metropolitan areas in connection with public transportation in order

to suppress the use of personal vehicles, and the prevention of the-iaeffiggnt expansion

of urban regions.

124



Seoul Plicies That Work Environment

6) Reduction of greenhouse gases tPthracsueg h2 6t he

0 (

-The 6emi sschand dehdipgages a permissible amount

businesses that release a lot of greenhgases. It also allows the trading of leftover amounts

or insufficient amounts among businesses. $tigemeis for corporations that have released

more than an average of 125,000 tons CO2eq and businesses that have released more than
25,000 tons CO2eqnaverage over the past three years. 25 facilities in Seoul are included
within these scopes, such as waste processing facilities, including the Nowon Resource
Recovery Facility, and water regeneration centers that process water.

- Seoul city prepares greenkse gas inventories by apprehending the greenhouse gas emissions
and the current status in each sector. It then uses the inventories as basic data for the greenhouse
gas reduction plan and the institutional direction. A greenhouse gas inventory orgarigatio
selected to initiate composition and verification, and an efficient reduction plan is to be carried
out in connection to the greenhouse gas emission right trading system.

Good energy work sites through innovation

S e 0 Wasik dor thegreen energyndustry is very weak. Among the approximately 10,000
businesses, 99%resmallandmedium businesses and 59.1% small scale corporatitim$ or
lessemployees. Although investment in new renewable energy, such as solar power, increased
with Phase 1 pjects of the One Less Nuclear Power Plant Plan, the main products, such as
solar power modules, are mostly produced in district areas. Thus the effect of direct contribution
to employment creation was relatively small.

Structuralization of Ci t i z e ns 0 | Regional energy Support of greer
green industry project service corporations
6 green clusters 70 social corporation| 25 energy hub center] 234 enterprise
and cooperatives supporting
corporations

Figure 14 Initiation goals of good energy work sitesahgh innovation

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)

With continual investment in new renewable energy and LED industry fields, new facilities are
to be installed, and service industries for posnhajement will be nurtured. Furthermore, the
pioneering introduction of new technologies suitable for Seoul, such as BEMS and the smart
grid will be supported. The customized support for each life cycle is reinforced by considering
many smaHandmedium corpeations with poor management skills and that the formation of
industrial market in its initial stage.

Employment in the service industry is based on region, and thus, this project is to be initiated to
allow the participation of regional residents andcamnection with the energy welfare of the
community.
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1) GreerMetropolitan SeoylNurtueof Seoul 6s green energy industr

- G-Valley, located in Gurgu of Seoul, is the largestluster of new renewable energy
corporations (including 60 new renewablegy corporations, 117 green IT corporations, and

44 LED corporations), and there is a high possibility of connection with the ICT corporations in
G-Valley. Furthermore, green industries, such as IT integration, urban resource circulation, and
green archéctural service, are to be expanded to six regions within Seoul, and the focal
industries will be appointed based on the experience -dfl@y, with various services
supported for nurturing of the industries.

Pilot Operation Expansion Creation of Achievment
Creationof Pilot Cluster Creation oRegioral Cluster | Combination of Regiong
Clusters

* Demonstrative new * Initiation as a conteg* Joint research an
renewable energy clust{ targeting the concentratq production of fused product
project in GValley areas of green industries that include solar power an

*  Consortium of local LED

governments, universities * Nurturing of independen
research institutes ar| and global cluster
regional groups

_Figure 15. Initiation Direction of the Seoul Greendustry Cluster Nurturing Project

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)

- Seoul city is initiating thepilot smart grid (intellectual power network) project for the
establishment of a demand managemeartket and to improve energy efficiency by fusing IT

to the existing power network. Various types of projects are to be initiated according to the
regional situation and properties of Seoul. Specifically, the project will be initiated in Sadang
dong regionin connection with the community energy supply system (CES). The urban
industrial complex efficient energy project is to be initiated in Guro Digital Industrial Complex,
increased efficiency of energy will be initiated in city railway by Seoul Metro, éed t
intellectual wiring power network is to be initiated in udivided apartments. Together with
these projects, the electric gauge, which allows automatic power consumption and demand
management, will be supplied to a rate of 50% in 2016 and 100% by BO&Bermore, the
electricity usage information alarm system, which alerts electricity usage and gradual increase
in real time, is to be developed and demonstratively applied to apartments in Seedaemun

2) Onestop customized suppddr green corpottéon for each lifecycle

- To support thdoundationof gr een corporations in Seoul,
Fundo6é i s oper aypes dffundsAaretconipased equating8to 126 billion won
including 46 billion won in 3 funds during Phakand 80 billion won in 5 funds during Phase 2.
The fund will be used to support corporations that have green technologies, but lack financial
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strength, for 4 to 5 years. Prospective venture corporations are prioritized to annually provide
financial suppd from the 25 to 30 billion won smadindmedium business nurturing fund.

- To creatgobs in thegreenindustry the development of green technologies has been actively
supported. Firsof all, financial support will be granted othe 7 major R&D for green
technologesincludinggreen cars, green IT, new renewable energy, green architecture, and LED
lighting by 2018. GT research and development tasks that suit corporate demand are to be
selected to support new technologies in connection with corpogfitiated research institutes

and university research institutes.

3) Creatbn of jobs in thegreen energindutry

- Seoul will select70 social enterprises armboperatives in the energy field by 201i&ensive

support will bemade during the initialtageto developthem intograde corporations with

remarkable selufficiency. First, up t&KRW 300 million is to be supported adot operation

costs, and a consulting education program will be operated to nurture socioeconomic bodies in

the greenenergyi el d t hrough the 6édsocioecnomic support
centero.

- Seoul will establish as many & 6r egi onal e n eby o7 wimichbprowde nt er s 6
energyrelated services to the citizensThis center provides combined sersigds,as the

installation of energy equipment, monitoring, and poahagement, as well as other services,

including installation of LED lighting, installation of solar lighting, provision of price
information, group purchasing, and product exhibition. fitle center uses the offices of citizen

groups, and leases public organizations when needed. It also plans to expand to a service sales
network and energy cooperative service business.

Realization of welfare through sharing

Having an energy expense 1% of theincome, it is estimated that 10.3%tbé& households

Seoul are energy poor homes. Low income classes consume relatively high priced energy (LPG,
kerosene), and low efficient home appliances to spend 4.7 times the average cost of all homes.
The government has thus far failed to construct sufficient legal policies in this regard.

Responsibility of| Citizen participation | Conversion, increasel Community

energy welfare efficiency

Energy welfarg 100,000 partipants| 1,100 units in the low 200 energy  self
ordinance in the welfare fund | income insulation reliant villages

The count project

enactment

Figure 16. Goal of initiating warm energy sharing communities

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action PlagGi§goul
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A regional energy welfare policy suitable for local government is to be realized. Tenthis

institutional consideration is supplemented in regions that aréeradfited from the central
government 6s wel far e pol propartiessof $egul. Thesk indude | ng t |
rented homes and lower class accommodation in the cities through such institutionalizations as

the enactment of the energy welfare ordinance and basic energy rights.

Fundamentally, energy conversion projects are to lteatad, including increased energy
efficiency in homes and the reinforcement of solar light. Furthermore, direct support of
vouchers and energy costs are concurrently enforced in preparation of energy crises. Moreover,
the capacity for carrying out spelzad policies regarding energy welfare is reinforced by
nurturing and conducting research on energy welfare officers, and reinforcing energy functions
in residential welfare support centers.

1) Guarantee of energy welfare rights through policy

- Seoul 8 coming up witlan institutional basis that guarantees the use of easrgpiversaand

basic rights. Various opinions were collected to prepare the energy welfare ordinance plan, and

the preparation of the ordinance plan is to be announced in ordecltwedenergy welfare. The

main content of the ordinance includes the preparation of specific standards, such as the
selection of the eligible applicants, as wel/l
energy poor class. This will be part thfe preparation of the basis for the presentation of an

energy welfare platform (fund).

- Seoulwill raise energy welfare fund for citizens that is created, operateddisiributedby

the people themselves. The fund is to be composed through profitaidéons generated by

the production and saving of energy (including solar power, LED, increased efficiency of
housing, and eco mileage systems), and is to be used for the objective of supporting the energy
poor class.

Citizen participation Citizen mangement Sustainable fund

> Participants in solar powe > 100 citizen committeq > Preparation of a basis wi
LED, and eco mileagi members (fund, manageme| the energy welfare ordinance

projects delegation) > Connection with

professional fund groups

~ Figure 17. Participation of citizens through the policy

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)

2) Building basis for theegional energy community

- An energy selreliant villageplanis to convert a villagérom a consume to a village that
creates profit through efficient use and generation of energy, and shares energy in connection
with energy welfare. 15 villages in 2014 will be increased to 200 villages by 2018, and
specialized projects suitable for eadlhage will be branded.
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- A virtuous cycle of an energy ecology system is tockEateth the village community by

ex pandi ng sandrgysaving projezt.eAftey analyzing the effect of two demonstrative
power saving stations in 2014, 10 statieni be installedin 2015, and consecutively expanded
from 2016. A citizen power saving station is initiated with the direction of promoting value by
reinvesting and sharing the incentive given to eco mileage members. The main fundamental
group of the regin will be selected, and a power saving station director performing the role of a

coordinator is to be nurturedn Energy Station for energy recharging services is operated in

each village, and the investment basis of energy projects is composed by reforming the eco
mileage system and reducing energy points.

Eco mileage Power saving statits | Energy project Village corporation
reduction point in villages investment and
system consumption
> Citizen power > Coordinator groupg > Energy station Citizen fund
saving station power saving statioy Energy

director supermarket, BRH

> Network, | solar light, etc.

promotion, etc.

_Figure 18.Energy project through the citizen participation system

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)

5. Policy Effect

1) Proposal of ision and successful modef the regional energy polic

The One Less Nuclear Power Plant Plan is an energy policy that expands the former energy
saving policy to the generation of new renewable energy and BRP, which hasdriautotal
consumption of energy such as electricity, gas, and fuel. Furthermoegardless of the
restriction of a local government group,istevaluaged that a successful model of a regional
energy ©policy is proposed through crgoadti ve
policies, such as the Feed in Tariff (FIT) politgpprovedrental of solar power generation
facility sites, and the supply of mini solar power in particular, have been expanded to other
district groups.

2) Improvement opublic awarenessf andrevitalizedpublic participationin energy policies

The OnelLess Nuclear Power Plant Plan can be considered a eiéidemergy policyAs many

as 1.68 million Seoul citizensave participated in the eco mileage policy, and around 20,000
students in the energy guardian angel group to partake in energy savirgghonte and at
school.
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Such citizen participation is estimated to be based on the sofy®rt fronthe citizens toward

the One Less Nuclear Power Plant Plan. According to the survey conduttedOne Less

Nuclear Power Plant Plan in March 2054, mag as 71% ofthe respondentsaid they knew

about theOne Less Nuclear Power Plant Plan at Furthermore, since 59% of the respondents
stated that the Plan is 6goodbé6, it i s believed
as a plan that is highlyupported and necessary in Seoul at the current stage.

3) Formation of initial basifor energy related industry and employment

The One Less Nuclear Power Plant Plan teagtalizedthe Korean LED market through the

LED supply project in large scale publfiacilities, including the entire replacement of lighting

in subway stations to LED lighting and required the installation of LED in newly constructed
public offices, and has attracted 600 billion won of private capital to contribute to the
preparation oemployment in new renewable energy production and installation fields, such as
solar power and fuel cells. Furthermore, energy planners have obtained new employment in the
establishment of three cooperatives based on the experience of energy diagrasis@ncial
buildings.

6. Policy outcome

Outcomeof One Less Nuclear Power Plant PRimase 2

1) Initiation of the core index of Phase 2, such as increasing power independence rate

The bases of most projects were constructed by initiating Phasdht @ne Less Nuclear
Power Plant Plan, which accumulated experience to enable the achievement of exceeding the
goal of the first year.

Index Goal (Jul 2014 Dec 2015) OutcoméJul 2014 7 Sep
2015)
Energy selreliance rate 7.0% 4.7%
(2014 Goal: 5.0%) (based on the capacity
facilities at the end of 2014)
Increased  efficiency i 902,000 TOE 910,000 TOE
generating energy and ener
saving

Figure 19 Energy seHreliance initiation achievement

(Source: One Less Nuclear Power Plant 2 Seoul SustaiBablgy Action Plan, Seoul City)*as of 2014
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(Unit: 1,000 TOE)

Generation (64,00( Increased efficiency (495,000 TOH Saved (351,000 TOE)
TOE)

* Solar power 8.3 * Green architecture planning: 225 * Eco mileage: 351
* Fuel cell, etc.: 55.6 | * Efficiency of building energy

864

* LED supply: 176.2

* Traffic: 7.3

~ Figure 20 Reduction and generation of energy in main projects

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)*as of 2014

2) Main achievements

The initat on of the 6Seoul City of Sunlight Project
Power Plant PlaPhase has led to the installation of 30MW solar power plants by September

2015. Therebhy, Seoul city has a total of 101MW solar power generationidacitiv allow

34,000 homes in Seoul to only use power generated by sunlight.

In order to expand the supply of mini solar power plants, which was actively pursued from the
One Less Nuclear Power Plant PRhase 2, the support that was provided onljzdasings
installing the mini plantavas then expanded to all areas (including public sedbgréhcreased
contact with citizengndsales at large supermarket stores and other locations. Furthermore, a

pilot project of installing solar panels on sale bootlas initiated to install 2,528 in 3,469
areas by September 2015.

Seoul has establishe8ipecial Purpose Company (SP@hich is exclusively in charge of
replacing lighting with lowenergy higkefficiency LED lighting andhas implementedhe

public lighting replacement project using private capital to replace 93,000 lighting fixtures in 48
business sites in Seoul and 13 other district areas. The project initiated to replace approximately
210,000 lighting fixtures in offices and control rooms of the subwatos (Seoul Metro,

Urban Railway Cooperation) was enforced by SPC and to be completed in October 2015. With
the addition of 430 thousand lighting fixtures exchanged in Phase 1, a total of 640 thousand
lightings, excluding the interior lighting of subwamins, were exchanged.

A fund of 1.6 million wonin cash and gifts (LED, etchiad beemaised and in January 2015, the

6Seoul Social Welfare Associationd was selectec
an agreement was then concludedJd y 2015, the 6é6Seoul Citizenso
council was established, and a volunteer university group was created. Since it is important to

bring about a warm social atmosphere for energy welfare, in addition to physical support, an

energy welfarednd website was constructed to create a cordial living environment based on the
participation of many citizens, and promotion has been conducted for the donations and
participation of the citizens.
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2015 2016 2017 2020

200 million won 600 million won 1.7 billion won 3 billion won

~Figure 21.Goal of composing annual energy welfare funds

(Source: One Less Nuclear Power Plant 2 Seoul Sustainable Energy Action Plan, Seoul City)

8. Main challenges and solutions

After 2015, when the One Less Nuclear PoRkant Plan Phase 2 officially begahere were
someobstaclescaused bythe changesn the external conditions and the deterioration of the
social environment, including theutbreak ofMERS case. Accordingly, there was a need to
modify the strategiesna goals of initiating the project. There was also a need to adjust the
excessively high goals of certain projetsit need to bénitiated in cooperatn with other
organizations.

The 6édhome ener gy onbderwhichcenesgg planrisrisit Bomesroo stoees, t
therebycheckingthe energy usageatternand providing information omow to sawe energy
However, it was difficult tocontinuethe projectin the first half of 2015 due twidespread
outbreak ofMERS andpeoplés tendacy not to meeothers for fear of possible contagidh
was difficult tosecures pace f or dldt esagéuiler® d @ maauypiageréduction of
demandand thus it was necessary to modify the project target to public facilities.

Although these disadvantagegm eventually overcome and the goal reached, , it is predicted
that thereis a needto come up withstrategiedn order to achieve the goal of the One Less
Nuclear Power Plant PldPhase 2.

Accordingly, the cooperative system between the One Less Mueteeer Plant Executive
Committee and related organizations has been reinforced and the opinions of professionals of
the Seoul International Energy Advisory Group will be collected to devise an efficient strategic
system in order to achieve the core gdigi2020.

The solar power project among the core project
focuses only on poweageneration. However, as a project that has been initiated to attract private
investment,it is important to attract public attentioFor instanceinstead of installingsolar

panels only on school roofs, the installation of solar light in streetlamps near schools will allow

citizens to personally experience and benefit from the results.

Although fuel cells, which occupy the largesbportion of new renewable energy sources, are
used in large buildings are supplied forpower generationthe policy has not been properly
pushed farFuel cells can be considered devices that create electricity using hydrogen or natural
gas, and not form of pure renewable energyafter all, fuel cell has limitations as it consumes
more gas to generate energy. There is a need consider subsidiary support system for the fuel cell
as is in the solar panel proje€@vercoming these problems is predictedcontribute to the
reduction of greenhouse gases and the generation of new renewable energy iif Seoul.
overcomes such challenges, there will be a great leap forward in the reduction of green house
gas emissions aritledevelopmenhew renewablenergy.
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Seoul 6s Il lumination Me

Jin Hwa Park / Sam Mo Jeong / Won Jun Il, Urban Light Policy Division, SMG
Jai Rang Youn, University of Seoul®

1. Background Information

1) The need of the policy
Specialized Nightscape

6Urban Light Management Projecto, includes
facilities in order to provide attractions to tourists who visited Seoul during Seoul Olympic held
in 1988. Seoul Metropolitan Governnitehas made a sustained effort to manage lighting so as to
create a beautiful and pleasant environment.

Prevention of Light Pollution

Light pollution caused by excessively bright artificial lighting or night lights has emerged as a

recent environmentassue for Seoul. Light pollution has caused lots of problems such as the

deterioration of human biorhythms and destruction of the ecosystem. Experts are highlighting
light pollution as one of the most rapidly expanding pollutions throughout the world.

Having recognized serious light pollution, Seoul Metropolitan Government has publicized the
harmful effects of light pollution and been modifying the system since 2009. Seoul Metropolitan
Government persuaded members of the National Assembly and pushedwéihepdojects
closely cooperating with the Ministry of Environment and made forty presentations on light
pollution at public hearings, seminars and conferences by visiting local governments all over the

ni gl

country. Seoul Metropol it &8pecdoavler €EméegbHs e@adt ¢
Prevention of Light Pollution and Urban Light

established Act on the Prevention of Light Pollution by Artificial Lighting to protect citizens
from light pollution resulting from excessvlighting and improve the quality of life. In a
survey conducted by the Ministry of Environment in October 2010, 64.1 percent of respondents

said that 6excessive artificial ' ighting may
percent of respondent sai d that O6it is necessary to prepar

55 Translation by ESLE
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poll utionod. Accordingly, the TfAAct on the Preve
was enacted in 2012 to meet the desire for improvement in quality of life aneMenptraffic

accidents, bad effects on the ecosystem caused by excessive light and the deterioration of the

urban landscape created by messy advertisements.

ACriteria for Calculation of Acceptable Limit
ad Amount of DamagesoO was established by the Kc

Accordingly, the Seoul Metropol itan Gover nmen:

Solving Light Pollution i n Seoul A in February 2012. Ther e

light pollution in Seoul in 2013 compared with 330 complaints in 2009 which sisgied it
was necessary to prepare measures for preventing light pollution.

Electric Energy Saving

ABasic Plan on Energy Use Rationalizationdo (20
improve energy efficiency by 11.3% in 2020 compared with eneffigiency in 2007. As the

need for energy saving has increased, the Ministry of Knowledge Economy established

AGui deline on the Operation of Streetlighto anc

The main contents of MAGui deweirnee roenl attheed Qpoe roéastwi
or off lights depending on the brightness in surroundings and adjusting brightness considering
trafficd and oO6installing integrated intelligent

Seoul Metropolitan Government set up ovenadlasure calledOne Less Nuclear Planb May

2012. One of the ten goals oDne Less Nuclear Plants a #fAr emar kabl e incre
l ighting and supply of LEDO. Seoul Metropolita
lights with LEDs and createssmar t | i ghting city by building an
systemo.

Seoul Metropolitan Government made fAMid and Lo
Lightingo (2012) which aims to replace all/l ro
stages

Table 1 Mid and long term plan on replacing roadway lights with LEDs

Classification Total Stage 1(5 years| Stage 2(5 years Remark
Period 10 years 20112015 20162020
Goal 100% 50% 50%
Lights that were
Quantity 177,180 lights 88,590 lights 88,590 lights | already installed
excluded
Necessary 139,5 billion 86,4 billion won | 53,1 billion won
budget won
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The above mentioned plans are closely related to electric energy saving. Replacing streetlights,
security lights and signboards lights with LEDad®e dimming possible which leads to electric
energy saving.

Seoul Metropolitan Government devised a measure to save electric energy for lighting, prevent
light pollution, reduce expenses required for public lights and provide improved convesfience.

2) Perod during which the policy was implemented

The Act on the Prevention of Light Pollution by Artificial Lighting, which serves as the basis for
a plan on preventing light pollution caused by artificial lighting, was enacted on February 1,
2012 to prevent gjht pollution arising from artificial lighting. The Act on the Prevention of
Light Pollution by Artificial Lighting and Enforcement Decree of the same Act were then later
implemented on February 2, 2013.

The purpose of the Act on the Prevention of LighfutRion by Atrtificial Lighting is to prevent

harm to health or the environment caused by excessive emission of artificial lights and to
provide a basis so that all people can live in a healthy and pleasant environment by managing
artificial lights in an emironmentally friendly way.

The Seoul Metropolitan Government enacted @relinance of Prevention of Light Pollution

and Management of Urban Lightingn July 15,2010 and implemented it before establishing the
Act on the Prevention of Light Pollution by Artificial Lighting. After etiag the Act on the
Prevention of Light Pollution by Artificial Lighting in 2012, Seoul Metropolitan Government

made a complete revision to th&rdinance of Prevention of Light Pollution and Management
of Urban Lighting and enacted th®rdinance of Preveion of Light Pollution and Creation of

Good Lights on July 17, 2014 . The Enforcement Rule of Ordinance of Prevention of Light

Pollution was enacted on January 27, 2011 and ordinance of prevention of light pollution was
revised on April 16, 2015

The Ministry of Environment determined matters required for standard for installation
Amanagement of |lighting fixtures and made a pul
of Environment established standar dstousesr i nst a
so that the standard can be used as a criteria to help prevent energy inefficiency and visual
inconveniences arising from excessive light.

Standards for the installation Amanagement of
lights for advertisements was established to present technical criteria for installation and
maintenancé.’

562014, Smart Lighting City Seoul summary report on the construction feasibility study and establishment of

basic plan
572015, Plan on preventidight pollution in Seoul

135



Seoul Plicies That Work Environment

Table2Recommended standard for installation
light pollution
Notification Implementation Objective
Recommended standard for To specify matters about efficiel
installation installation Aman
lights for advertisements to advetisements so that this standard ¢
prevent light pollution 2014.11.28 | be used as criteria which help prev
(Notification No. 2014212 energy inefficiency and visue
of the Ministry of inconvenience arising from excessi
Environment) light
Recommended standard for o
i nstallation To be used as a criteria that helps sec
streetlights to prevent light the safety of those who qse ro.adways
pollution 2014.11.28 n.lght anq prevent'energy mefﬁgency a
o visual inconveniences arising fro
(Notification No. 2014211 excessive light by installing and meging
of the Ministry of streetlights efficiently
Environment)
Recommended standard for
installation To be used as a criteria that hefpsvent
security lights and lights for energy  inefficiency and  visue
parks to prevent light inconveniences arising from excessi
pollution 2013.12.31 i .
ight by establishing standards f
(Notification No. 2013606 installation Aman
of the Ministry of lights and lights for parks
Environment )
Recommended standard for To sol\(e hght pollution probIem; b
: . presenting improvements according
install ation . .
. Under way | types and applications of decorative ligl
decorative lights to prent o . L
. : and the limit in brightness considerit
light pollution :
surroundings
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Table 3 Classifi

cation of artificial lighting to & managed

Classification

Legal basis

Target

Road under Article 2, ParagraphSybparagraph 1 oRoad Act

Streetlights

Pedestrian walkway under Article 2, Paragraph 1Peflestria

Security lights

Space lightintsafety and Convenience Enhancement Act
Parks and greenbelts under Article 2, Paragraph Betfon Urbal [ ights for
Parks, Greenbelts, Etc. parks
Article 2, Paragraph 1, Subparagraph 2 of Building Act. Artiek
Decorative of Enforcement Decrge of the same Act. Seoul Metropi Decorative
lighting Gov_ernment_os Ordl_rj_ance o_f F lights
Creation of Good Lights [sched]l facilities to be reviewed |
Good Light Committee
Liahting for Article 4(Advertisement and Billboards subject to permissiol Liahts for
ghting Enforcement Decree of the Outdoor Advertisements, etc. C gn’
advertisemen advertisemats

Act

3) The Importance of the Policy

Remote surveillance and the control of lights are considered important in urban light policy
because they can help save electric power and prevent light pollution by switching on or off
lights and adjusting illuminatioas needed. Details of the surveillance and control of lights are
as follows:

Table 4 Details of monitoring and controlling lights

Monitoring Ac
Classification Switching o Condition Remark
on off Dimming o
lights monitoring
streetlights @] @] @]
Security o o o Considering safety of
lights citizens
Lights for
parks o o o
Lights for | Lights for o o o Lights are kept on
public use | tunnels around the clock
Lights for ;
ungergroun o o o Lights are kept on
d roadways around the clock
Landscape o o o Special lights
lighting considering aesthetics
Lights for | Lights for o o « Scheduled to be
private use| signboards decided in the future
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Conditions of all lights for public use are monitored, which means that functions such as
dimming control are availdd. Considering the fact that a smart lighting system can be used for
dozens of years, functions can be controlled depending on changes in circumstances.

It is reported that regulations for remote switching and dimming control of signboards for

private useare being prepared. It is advisable to apply remote control to save electricity and

prevent light pollution after relevant regulations are supplemented and lights are replaced with
LEDs.

According to A review of p | a ruct tsmart tigatidguoitye t h e

Seoul 0 , policies on lights in cities require

equi pping dimming functionsd becauseé8it i s pos:c

2. Policy Obijectives

1) Establishment ofdsic plans for preventing light pollution

There are about 225,000 security lights all over Seoul. It is reported that there were a total of
3,141 light pollution related complaints in Seoul from 2009 to June 2013. There were 720 light
pollution related comlaints in Seoul in 2013 compared with 337 complaints in 2009 which
shows that light pollution related complaints increased by 213%.

Lights for public use (streetlights, security lights, lights for landscape and so on) are required to

be approved by th& e o u | Metropolitan Governmentodés fiLigh

signboards for private use have not been reported or approved. Messy advertising signboards
spoil the beauty of the city and cause light pollution.

How to best control and manage light paibn caused by lights for public use or lights for
private use in order to reduce light pollution should be considered in p&ies.

Proposal of the comprehensive basic direction for preventing light pollution

The Act on Prevention of Light Pollution by Artificial Lighting provides standards for managing
light and therefore a plan on the prevention of light pollution should propase fx@nciples

and directions for targets and the applicati:

environment 6 to be establ i s handardbpyoposes inla plant i n g
ontheprevention of light pollution proposes detailaddglines for management.

Preparation of measures for the prevention

Measures are to be prepared for preventing light pollution and plans built on managing light
pollution according to use and area based on legal management standards aedapbagis
for Seoul Metropolitan Governmento6s pushing

3) 2014, smart lighting city Seousummary report on construction feasibility study and establishment of basic plan
592014, smart lighting city Seousummary report on construction feasibility study and establishment of basic pl
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Preparation of measures for education Apromot

Article 2 of the Enforcement Regulation of Act on Prevention of Light Pollution by Astifici
Lighting provides that local governments should prepare measures for education and publication
of light pollution so as to prevent light pollution. Accordingly, those in charge of light
recognized the importance of light pollution and prepared manaodlsas they can implement

such policies. Having recognized that light pollution affects the health of citizens, the people in
charge of light pollution made a plan concerning the increased publication of light padi@tion.

2) Comprehensive plan for the gestion of light pollution

A plan for the prevention of light pollution is based on the Act on Prevention of Light Pollution
enacted in February 2012 and has legal executive force on targets and standards determined by
the Act on Prevention of Light Polioh and Enforcement Ordinance of the same Act.

The Act on Prevention of Light Pollution divided a plan on light into three stages; evaluation of
present conditions, preparation of a basic plan and the preparation of a management plan. A plan
for the prevetion of light pollution is a basic plan that comes under stage 2. A plan for the
prevention of light pollution aims to establish measures for preventing light pollution by
reflecting standards for light emission according to use and area.

ATechni ealofSeErnwiiac onment al | mpact Assessment
Pollution in Seoulod (hereinafter referred
pollution) conducted in 2014 carried out a preliminary investigation for designating lighting
ervironment management area in accordance with Article 16 of the Act on Prevention of Light
Pollution.

Article 5 of the Enforcement Ordinance of Act on Prevention of Light Pollution provides that
local governments should make plans for managing lights @amainonmentally friendly way. A

plan for managing the lighting environment should include goals and the basic direction of
l ighting management, management plans and a

Seoul Metropolitan Government establishédrdinance of Prevention of Light Pollution and

Creation of Good Lightsin July 2014 and provided that a plan for the prevention of light

pollution determined by the Enforcement Regulation of Act on Preventidigbt Pollution,
urban lighting energy saving, carbon dioxide reduction, a plan on nightscape and preparation of
guidelines for nightscape should be appbdd.

Enforcement Regulation of Act on Prevention of Light Pollution by Atrtificial Lighting
Article2 ( Pl anning on Prevention of Light F

A plan on the prevention of | ight pol

602015, A plan on the prevention of light pollution in Seoul
612015, A plan on the prevention of light pollution in Seoul
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1. Matters on present conditions of light pollution and prospects

2. Goals and the basic direction of the ptemthe prevention of light pollution in the ci
Aprovince

3. Measures for preventing light pollu
4 . Education Apromotion of |light pollu
5. A plan on taking measures for pr e

autonomod district. The rest is the same as above)

6. Calculation of expenses required for implementing a plan on the prevention G
pollution by cityAprovince and a pl an

7. Matters required to prevent light pollution
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Figure 1 A plan on preention of light pollution in Seoul

A plan on the prevention of light pollution was made based on the Act on Prevention of Light
Pollution by Artificial Lighting and Ordinance of Prevention of Light Pollution. A plan on
nightscape should be made as a pdrta plan for the prevention of light pollution and

guidelines on nightscape should be prepared so as to create good light. A plan on nightscape can
include media fagcades as a part of specialization plan. It is advisable to make a basic plan on

managingnedia fagade lights as part of the plan on nightscape.

The Act on Prevention of Light Pollution by Artificial Lighting proposes standards for

managing | ights and targets. A plan on

t he

pl and f oightsnApiaa gnithe grevéntion of light pollution proposes principles and the
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basic direction for the application of standaf@s.

Environmental impact assessments of light pollution were conducted in 2014 to better
understand the present condition of tésgend the result of the assessment has been used as the
basis for the designation or cancellation of lighting environment areas. A plan on the prevention
of light pollution proposes principles for the application of standards for legal management and
secues the power of execution for the prevention of light pollution by considering the
assessment of present condition of targets. It is necessary to make good use of a plan on the
prevention of light pollution in various fieldssuch as urban planning, menance work and
urban development. It is advisable that a plan on the prevention of light pollution should
propose detailed guidelines according to lighting environment areas by applying principles
suggested by a plan on the prevention of light pollutidns plan can be used as guidelines
when making a plan on lighting environment areas.
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Figure 2 Nature of a plan on the prevention of light pollution in Seoul

A plan on the prevention of light pollution shows a way to manage light pollution in @arder t
prevent light pollution. It is advisable to create detailed guidelines that consider the
characteristics of each regi6a.

3) Preparation of a plan on saving electric energy

Power usage in Seoul is 86million MWh/year, which accounts for 10.3% of powesage all
over the country. Power usage consumed by lights for public use (such as streetlights and

622016, A plan on management of light environment in Seoul
632015, A plan on prevention of light pollution
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security lights) and signboards for private use.isrillion MWh/year, which accounts for 2.3

of the total power usage in Seoul and makes up 24% ofnitneahpower produced by Kori
Nuclear Power Plant 1. Streetlights and security lights are kept on with the same intensity of
illumination until they switch off once they turn on regardless of traffic. It is advisable to adjust
the intensity of illuminatiorof streetlights and security lights in the middle of the night to save
electricity.

It is reported that signboards for private use are on for 6.2 hours daily and for 1.3 hours during
the daytime, which suggests that there is room for saving electricR9@%by

The second goal of this policy is to work out a plan to save electricity and find ways to reduce
power usage.

4) Relations with other policies

AA plan on the supply of LEDs to public organi
Trade, Industnyand Energy aims to improve energy efficiency of the public sector by replacing

lights with LEDs by 2020. The authorities concerned support the replacement of lights with

LEDs in accordance with regulations on the rationalization of energy use in pgfaliizations

and LED 20/60 supply ©plan. The relevant aut ho
through Efficient Management of Streetlightso
streetlightso in 2012 and ted mteligentcangr@ systamb@ i nt r o «
intelligent dimming systems.

Pl ans that Seoul Metropolitan GoveOne iass't wor ke
Nuclear Power Planb( 2012 . 5) , APl an(20t3 sA)ppayd ofi MiLEDa&nd
pl an on i mprovement of roadway | i ghrndanthg by rep

replacement of streetlights with LEDs is as folldis.

Table 5 A plan on the replacement of streetlights with LEDs in Seoul by year

Stage | Classification Description
Year 2011 2012 2013 2014 2015 Total
Stage 1
Target lights | 450 2.820 | 35000 | 50320 @ 88590
Year 2016 2017 2018 2019 2020 Total
Stage 2
Target lights | 18,000 | 18,000 | 18,000 = 18,000 | 16,590 | 88,590

Seoul Metropolitan Government made a complete revision to the ordinance of the prevention of
light pollution in July 2014 so that it caretter manage light pollution more comprehensively.
Article 5 of the ordinance provides that matters on nightscape should be applied when making a

642014, Smart lightig city Seoul summary report on construction feasibility study and establishment of basic plan
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plan on the prevention of light pollution.

Seoul Metropolitan Government has endeavored to create beautifydl@asant nightscapes.
Seoul Metropolitan Government made basic plans concerning the nightscape in 2000 and
carried out work to improve said areas in 2002 and 2009.

As people considered their quality of life and leisure activities more and more important,
interest in nightscape increased. Accordingly, Seoul Metropolitan Government established
departments that took responsibility for improving nightscapes, urban design and urban
management as well as promoting tourism in order to enhance the quality wk cafid
citizenso |ives.

However, as there are differences in values and standards of nightscapes between public
organizations and private organizations and light pollution has increased, managing nightscapes
in a systematic way has emerged as an areajok rimterest.

ABasic Plan on Nightscape i n Sedandscape Asias devel

2008. Act on Prevention of Light Pollution by Artificial Lighting(herein after referred to as

Act on Prevention of Light Pollution) was enacted in 2®4 reflect changes in the conditions.
The basic plan on nightscapes developed in 2008 was required to be revised to meet the
changing needs of citizens.

Seoul Metropolitan Government set basic goals and directions of nightscapes based on a survey
of thepresent conditions of lights to reflect changes in circumstances.

A plan on the prevention of light pollution in Seoul proposed details on which the basic plan on
night scapes and media fa-ade management based
various <cultures keep in good harmonyo. Seoul
nightscapes which can improve the beauty of Seoul and promote tourism and prevent light
pollution. Seoul Metropolitan Government has endeavored to rethink the nightsfapesul

as attractions by developing a plan on the improvement of nightscapes.

3. Main Policy Contents

LEDs have led the emergence of industries whose production methods are completely different
from those of existing industries and signify a rapidrade of traditional industrial structures.

Lots of lights have been replaced with LEDs with the help of advances in IT. Lighting has
developed to an LED based digital lighting system, smart lighting and human centric l&fhting.

Lighting for landscapes Bahown the highest growth when examining the growth of LEDs in
lighting markets all over the world. HID accounted for 80% of outdoor lighting in 2010 but it is
expected that HID will make up less than 30% of outdoor lighting and LED will take up over
70% ofoutdoor lighting in 2020.

652016, A plan on light environment management by Seoul
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1) Examples of major projects for improving lighting in Seoul

Public facilities Private facilities
Classifi Cultural Bridges on
cation | gesets th.e Han Public facilities | Buildings Media facades
. River (96) (302) (50)
(27)
Fortress Banpo Seoul Namsar
Wall of Brldge Tower, Sejong Jongno Tower Seou|Square’
Main Seoul Hanaan Center for the Samsung E Sejong  Centel
facilitie | Five palaces Bri dge g Performing office for the
S Myeong. Arts, Main LG Gangnam Performing Arts,
dong \éV(?;hyo office of Bank| 14 ver Hanwha Galleria
Cathedral rage of Korea

The number of lights for landscapes: 506

Project of improving security lights in Jongno, Seoul(2015)

It was reported that there were about eighty complaints every year caused by $lebprutie
resulting from security lights in Ewha Byeokwha Village, Jorgnoo Authorities concerned
carried out a project that replaced diffusion security lights with LEDs to improve lighting in
Ewha Byeokwha Village.

After conducting the project, the lighgy and beauty in the area improved considerably and light
pollution such as light trespassing and glare reduced significantly by the installation of screens
which blocked forward light and backlight efficiently.

Project of improving security lights in Songpa, Seoul (2013)

Seoul Metropolitan Government selected dark alleys, places which have lots of waste of electric
power due to poor security lights, places which have excessive penetration of lights, gdaices n
elementary schools, middle schools and high schools or markets as targets.

6,382 high voltage sodium lamp security lights (100W) were replaced with cut off type LED
security lights (50W). When analyzing the effects by selecting thirty buildings irhwiit

voltage sodium lamp security lights were replaced with LED security lights, it was found that
the amount of light which penetrated through windows reduced and brightness increased by
over three times.

Project of improving security lights along Uicheon in GanggukSeoul (2012)

202 high voltage sodium lamps and metal halite lamps installed in a 3km long trail along

Uicheon in Gangbuku, Seoul (ssanghangyo~wolgyegyo 2) were replaced with LEDs which

led to energy savings of up to 50 percent by means of a 3 stage control system (50 percent

energy saving by four stage brightness control system). The waste of light pollution and energy
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was reduced by preventing lighting from being diffused.

< 4 stage bghtness control system >
Stage 1: 100%stbyge22o06chbbckf age 32 o0b6O0FP

LED security light 75W 100% Dimming 50%
(reduction of energy by over 70 perc¢ (reduction of energy by over 50 perce
compared with existing lights) compard with existing lights )

Project of improving lights for advertisements in Dobaug Seoul (2014)

Dobonggu has been replacing signboards to improve beauty since 2009 and completed the
improvement of signboards installed in 88 shops located in asdobim the intersection near
Sophia Hotel to exit 1 and 4 of Ssangmun Station. The channel letter type that applies LEDs
was used in replacing signboards. The replacement led to energy savings of over 75 percent.

2) Present condition of the operationlights for public use
Streetlight switching systeinNamsan Mountain

Radio waves of 142MHz are used in switching streetlights in Seoul. Distribution box switches
on or off switch after receiving the radio wave.

Relay stations have been installed in six places as radio wakieh are emitted from
streetlight control centers located in Namsan Mountain may be jammed by mountains or
buildings.

It was not possible to check whether streetlights were in good condition and therefore each
district has been installing remote monitgrigystems starting in 2006 to observe and monitor
the conditions of the streetlights. At present, 20 districts monitor 2,358 distribution boxes out of
6,840 distribution boxes all over Seoul. 7,611 streetlights are currently monitored.
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Security system switching system

Most security lights are installed on security light poles, electric light poles and building walls.
Electric power is supplied from electric light poles installed by KEPCO (Korea Electric Power
Corporation)66

Security Ights are switched electronically. The reason for which each light is switched not by
radio waves supplied but by the streetlight control center is to reduce costs. Installing radio
receivers on each light costs a lot. The electronic switching systemledights considering
sunrises and sunsets occurring during the changes in seasons.

Tunnel A underground roadway switching system

Entrance connections, entrances, basic parts, exits and exit connections vary in the intensity of
illumination of lights as well as varied use in tunnels or underground roadways so that drivers
can drive moresmoothly. For entrances and exits, the intensity of illumination is controlled by
means of an outdoor sensor in a manner in which the intensity of illumination of the lights is
switched partially.

Lights for parks switching system

Lights for parks arewvgitched electronically, like security lights, in which radio waves are
supplied via a streetlight control center located in Namsan Mountain. Lights for large parks are
switched by a janitordés office.

Lights for landscape switching system

Lights for landsape are mainly used to highlight the beauty of objects. Most lights for

| andscapes are controlled by a lighting contro
ordinance of prevention of i ght poll ution an:
Ailights for | andscapes shall switch o067 30 minut

3) Examples of new technologies for improving lighting environment
Sun visors controlling forward light Abackwar

Sun visors controlling forward |ight Abackward
solve the problem of light trespassing on agricultural land and reisidergas.

Tin plates were attached to streetlights to protect drivers from light trespass arising from
streetlights but this caused the overall lighting deteriorate as it blockeé&ight.

New sun visors that can be applied to streetlights which causebiiition (light trespassing
on agricultural l and and residenti al areas) wa
and application of standard for installation A

66 2014, Smart lighting city Seoulsummary report on construction feasibility study and establishnfidsatsec plan

672014, Smart lighting city Seoulsummary report on construction feasibility study and establishment of basic plan
682016, A plan on light environment management by Seoul
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visors were designed to block ligtespassing effectively while the quality of light was
maintained. Performance of the sun visors was verified by measuring lighting and conducting
simulations.

Sun visor attaching to security light fixtures (2015)

The National Institute of Environment&esearch developed sun visors attached to security
light fixtures (4 types). The sun visor was designed to be attached to security light fixtures
which cause the most light trespassing. Light trespassing could be reduced at a cost of 50
thousand won to 10ousand won 25-50 percent of the cost required to replace light fixtures.

Figure 3 Sun visors attached to security light fixtures

The sun visor was designed in a manner that a plate shaped accessory is attached to security
light fixtures so thalight can be blocked. There are four types of sun visors.

The developed sun visor was designed to block light trespassing arising from backward light.
The sun visor allows forward light to be kept while backward light is lowered by 60%. It was
found that lhe intensity of the vertical illumination in residential areas was reduced to 1.1~7.1Ix
from 8.9~17.9Ix.

Light fixture realizing rotationally symmetrical luminous intensity distribution by prism
(2015)

This technology, which can be applied to bollard shaped and post top shaped LED fixtures, was
designed to prevent glare by applying a ring shaped prisnetoutside of light sources while
the performance of the fixture is maintained.

The prism was applied by optics of the existing light fixture controlled light by the simple
repetition of patterns while Clear Guide technology reduces glare by dispersingyligheans

of a ringshaped light guide. This technology provides style options depending on the light
distribution of light fixture69

692016, A plan on light environment management by Seoul
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4. Policy Effects

1) Economic effects
Using lighting for tourism

Some districts in Korea make good use of lighting to attract tourists and vitalize the local
economy. At the Busan Port Festival held in Busan, an LED waterboard and media facade
lighting were used which provided various attians. Four hundred thousand people visited the
Port Festival held in Busan in 2015. The festival has played an important role in vitalizing the
economy of Busan and improving its overall image.

Energy saving by LED technology

LEDs have made a greatntdbution to saving energy as they consume less power compared
with other light sources. LEDs make it possible to create various advertising designs. They can
be installed in narrow spaces in which it is not easy to place neon or fluorescent lamps. LEDs
are expected to help reduce greenhouse gas emissions and power consumption as they are
highly efficient in saving energy.

LurraWatt Energy
Maragement Servar , | Tovere o Sansor Module

Figure 4 LED wireless lighting system bloc

diagram Figure 5 System network block diagram

2) Environmental effects
Effect in terms of humanities

At night, there are bright places such as shopping areas and entertainment districts as well as
quieter places, for example residential areas. It is desirable for lights to be in good harmony
with their surroundings.

However beauty of night is disappearing because there are excessive lights from cars,
signboards and other sources.
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Projects that aim for recoveringpeauty of nighthave been implemented.

Effects in terms of human engineering

There have been a total 0fld1 complaints about light pollution in Seoul from 2009 to June
2013. Out of the 3,141 complaints, 2,918 which accounted for 92.9% resulted from sleep
disturbance or excessive brightness by artificial lighting. Sleep disturbance makes it difficult for
citizens to live a healthy life and is likely to cause cancer.

Smart |lighting monitoring A control system can
off or dimming lights which are likely to cause light pollutid.

3) Additional effects
Improvement in quality of life

Lighting control reduces sleep disturbance resulting from artificial lighting that accounts for 80
percent of complaints by dimming unnecessary lighting which leads to the improvement of
quality of life.

Lighting control maks contributions to the improvement of the safety of citizens because it can
detect faults and take actions to remedy these and adjust the intensity of illumination as needed.

Contributions to industry such as job creation

Jobs to be created are donebgadividing costs (such as material costs and construction costs)
required for the implementation ofsmart lighting city Seouby unit wage.

Table 6 Calculation of job creation effects by the projectamfiart lighting city Seoul

Average unit| Necessar NESEESELY
e Necessgy cost 9 y workers

classification (million won) wage workers

(won/day) (worvday) (yearperson)
Material cost 38,761 184,486 210,103 785
Construction |, 75g 184,486 133,929 500
cost
Cost of desigr o 44 205,518 25,317 95
and supervision
Maintenance | , ;.3 184,486 22782 85
cost/year
total 72,875 758,976 392,131 1,465

This project can create 1,465 jobs. 85 maintenance related jobs will be kept as long as the

702015, Aplan on prevention of light pollution in Seoul
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system operates. The lighting control industry is expected to grow rapidly tiweh
standardization of the lighting related system, advancement of technology and mass
production71

5. Challenges

1) Absence of relevant regulations and standards

Before the Act on Prevention of Light Pollution by Artificial Lighting was establishedf i
pollution was controlled based dRoad Act, Landscape Actand Outdoor Advertisements
Etc. Control Act. The Act on Prevention of Light Pollution by Artificial Lighting was enacted
in 2012 to regulate and manage light the pollution systematicallwasdmplemented in 2013.

Seoul Metropolitan Government managed nightsca
Seoul (2000 and 2008) but it was unsatisfactory because it was more concerned with the
creation of good light than the management of good.ligh

Seoul Metropolitan Government enacted an ordinance of light pollution in 2010 for the first
time in Korea but the ordinance was limited in managing light pollution and did not provide the
means to manage the light pollution systematically.

When assessinthe impact of light pollution on the environment, it was found that lighting of
41 percent exceeded acceptable light emission levels; lighting for space accounted for 68%,
decorative lighting 70%, and lighting for advertisements 30%.

In Seoul, advertiseents have been installed in a disorderly manner. When NASA photographed
19 cities around the world, it showed that the lighting in Seoul was immoderate.

It seems that the supply of LEDs has been responsible for such disorderly building decoration.
Lights in the center of cities are abused and wasted due to the absence of proper awareness of
lighting.

Table 7 Present condition of outdoor lighting

(unit :place/light

Lights for space Lights for

advertisemer S el;
Lights for decoration

parks S

classific
ation

total
streetlights| Security lights

quantity1,320,048234,663226,84934,119800,00024,417

712014, Smart lighting city Seoulsummary report on construction feasibility study and establishment of basic plan
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Table 8 Complaints of light pollution (all over Seoul)

classificatior total| 2015 | 2014 | 2013 & 2012 | 2011 P;'giéo
Number of | s cog 1216 | 1571 | 778 857 706 1,558
complaints
2) Lack of awareness of light pollution
Light pollution has a bad effect on the | ives

on Prevention of Light Pollution bywastedfi fici al
energy.

It is necessary to have various channels from which everyone can assess information easily so
that people can be provided with information on light pollution.

Table 9 Types of effects of light pollution

classification Types of damage Conceptual diagram of light pollutic

Effects on th

human body Changes in biorhythm, insomnia, car

Effects on thDecline in the breeding of animals
ecosystem growth of plants

Astronomical [Two thirds of world population canr
observations see stars

Energy Waste of energy, excessive emissio
efficiency carbon dioxide
Negligent Poor traffic environments such a
accidents glare

People do not feel comfortable at n
Urban

due to excessive light. Identity of ni

nightscapes )
9 P is lost

3) Unsatisfactory measures for maintenance

|t is expected that citizensdé interest in |ig
increase after the Act on Prevention of Light
Some districts mayave difficulty in handling complaints concerning light pollution due to a

lack of departments in charge of light pollution.

It is necessary, therefore, to prepare measures to deal with complaints arising from light
trespassing and light pollution in rdential areas.
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4) Relaxation of acceptable light emission levels

Major advanced countries and international organizations have implemented systems for a long
time and divided areas into four separate categories.

It is necessary to strengthen relaxed levebnsidering the real condition of domestic light
environments. It is also necessary to designate zones to consider light environments in
downtown areas that change day by day due to the development of light sources and manage
such light pollution efficiatly.

6. Solutions

1) Designation of lighting environment management areas

Article 9 of the Act on Prevention of Light Pollution by Artificial Lighting (Designation of
lighting environment management area)

Prepared measures to solve light pollutemmd the top three problems of inconvenience by
designating and managing areas or zones that light pollution has occurred or is likely to occur.

Establishment of the foundation for effective management of light pollution by securing
effectiveness of laws

Analyze types of damage from light pollution and the occurrence of light pollution so as to
apply the intensity of illumination appropriately considering the living environment of citizens
such as green areas, residential areas and commercial areas.

Tablel0. Types of damage from light pollution

(unit: case}y

classificatiom s u m Disturbed slep Inconveniene G | a r eothers

t ot al3,5603, 0453 9 79 91 9
Yearof 2051 , 2 16/1 , 0 7 47 56 2 5
Year of 2041 , 5711 , 4 2 41 3 6 4 7
Year of 20837 7 35 4 71 8 6 3 3 7
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Table 11 Types of occurrence of light pollution

(unit :case)
e Lighting for nghtln.g for Electronic| Decorative
classification sum advertiseme . o others
space display | lighting
nts
total 3,560 2,905 420 43 92 60
Year of 2015| 1,216 928 173 33 39 43
Year of 2014 1,571 1,392 123 5 39 12
Year of 2013 773 585 124 5 14 5
4 )
Z+ZH
= ° o Nl
J_L_z“_l:é' LI ] Ll
A FEE
_T’_I-IIL_I- ] nd Eﬁ%
N L
S ESr
S _I'il_l
E}
_
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Figure 6 Types of occurrence of light pollution

Enactment of the ordinance of the prevention of light pollution in Seoul (2010.07) and
revision (2014.07)

Seoul Metropolitan government designated lighting environment management areas (class 1 ~
class 6) in 2010 and prepared standards for the installafidights according to use and
provided administrative guidance should violations occur.

Seoul Metropolitan government has operated the Good Light Committee and Award for Good
Light and lighting support system to encourage citizens to take part indghengon of light
pollution and reviewed a plan on the classification of lighting environment management areas
and standards for detailed designation and boundaries according to classes.

Seoul Metropolitan government held a public hearing to publicizé fighution and encourage
citizens to participate in activities to reduce light pollution and to take the opinions of lighting
environment management areas (plan) from citizens and those concerned.
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" Figure 7 The public hearing

Environment impct assessment of light pollution (2013.08.28 ~ 2014.03.25)

The environment impact assessment of light pollution aims to promote environmentally friendly
and sustainable development as well as a healthy and pleasant life by predicting and assessing
the impct on the environment when planning a project that is likely to have noticeable effects.

The environment impact assessment conducted by the Seoul Metropolitan Government showed
that 41 percent exceeded acceptable light emission levels and suggestsisthagént to
designate and manage lighting environment management areas.

Table 12 Measurement and analysis of light environments according to use of lighting

Types of lighting | Places measure( Numberoffights measured| Mot igsersedigaostld | Pecenof eoseding acoepabe it emisson el

Lighting for space
(streetlights, security 114 1,494 911 60.9
lights, lights for parks)

Lighting for
advertisements
(advertising  signboard:
electronic displays)

97 5,049 884 29.0

Decordive lighting

(lights for landscapes) | °° 287 209 72.8
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The light pollution prevention project was carried out first targeting lighting for spaces in a way
that citizens could feel the reduction of light pollution.

Lights for advertisements need contidu management as there are so many lights for
advertisement installed. The management of large electronic displays has been strengthened
because it requires light pollution management for drivers and pedestrians.

Lights for decoration cause less light pdibn compared to other lights because they are small
in number and turn off after 11 o6clock in the
improvement and reduce light pollution by managers has been implemented.

Designation of lighting envimmment management areas by stage (2015.05.07)

Before the designation of lighting environment management areas by stage, opinions of
residents, heads of district and city councils were taken (members of five councils including
Dobonggu council stated opinits) by providing notice of lighting environment management
areas (plan)(615.2.16~3.16) and the Good Light

Opinion polls of the designation of lighting environment management areas showed that both
citizens and shop owrerconsented to the designation of lighting environment management
areas. Discussion meetings showed that all heads of the interested parties agreed with the
designation of lighting environment management areas.

Lighting environment management areas weggied by stage. Green areas, residential areas
and commercial areas that came under stage 1 were announced first and industrial areas that fell
under stage 2 were announced by establishing detailed acceptable light emission levels
considering use of land.

Setting direction yc

Setting the goals and direction of light pollution manager _
(mayor policy no.30, 2012.02.0:

(Article 9 Paragraph 3 of law

Environmental impact assessment of light pollut
(2013.08.28~2014.03.25%

(Article 4 Paragraph 1 of enforcement regulali

Development of the designation of lighting environment management are )
(mayor policy no. 374, 2014.12.2

(Article 4 Paragraph 2 of enforcemesgulation)
(2015.02.16~2015.03.05

Public notice to 25 districts about inte
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Heads of districts and residents appi¢

Review by Light Pallution Prevention Committee (Good Lig|

Notice about submission of opinions from residents and heads of dis

Drawing up of the final plan lighting environment management ae

Designation of fighting environment management areajplaatce of designatio

(Article 4 Paragraph 4 of enforcement regulatic
(2015.03.07~2015.03.15%

(Article 9 Paragraph 3 of dw)
(2015.04.07)consent to original pla

(Article 4 Paragraph 5 of enforcement regulatjic
(five districts including Mapegu, 2015.04.2p

(Article 9 Paragraph 4 of law

Figure 8 Procedures for designation of lighting environment management areas

Artificial lighting was determined as a target of the designation based on Article 9 of the Act on
Prevention of Light Pollution by Artificial Lighting (Article 2 of enforcement decree of the

same act).

lighting for space: streetlights, security lights, lights for par

advertisements: permissible outdoor advertisements (electronic displays, protruding signboards, sig

1 0 m O r m

decorative lighting: lights installed orndiory or hgher building or those whose total floor area

2,000 or more, lodging facilities, amusement facilities, bridg

<Lights subject to outdoor artificial lighting management

rre i n w i d t h)

Lighting environment management areas were designated for green areas, residential areas and
commercial areas on July 30, 2015 (enforcerdete: 2015.08.10(Mon)). Lighting environment
management areas were classified into four classes considering the use of land.
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Table B, Designation of lighting environment management areas

Ity eniomentmenaenentaess | e S i g n a t i O n area( )
total 605.59
Green areas for conservation,
Class 1 Natural green areas (national parks, urban nature p 110.40
ecological and scenery conservation areas, wil(
reserves, cemetery parks)
Productive green areas, natural green areas
Class 2 124.20
(areas that do not come under class 1)
Class 3 Reslden_tlal areas (e>_<c!u5|ve_z residential areas, ge 325 70
residential areas, semgsidential areas)
Semtindustrial areas 19.99
Class 4 .
Commercial areas 25.30

Table 14 Acceptable light emission levels by class (Article 6, Paragraph 1 of enforcement regulations of
the same act)

Lighting environment management area

class4
Criteria for Reference
target .
measurement  value semi
classl  class2 class3  industri Comm
al ercial
industri area
al area
Lights for space i Less than § Less than 8
QNS 10T SPACE iz MMM o o< than 10
Electric advertisemest value
_ brightness of surfa| \, 1 m | Less than B | Less than 40 | Less than 80 | Less than 90 | Less hen 10
advertisemerg |
( cd/ ) value
. 1250/ 1500/
, , brightness of surface mean vale|4 0 0 /(8 0 0 /100 0/
Electric adertisemens Less than 90 | Less than 100
(cd/ )|(aroundk?ZLessthan8 |Lessthan 40| Lessthan 80
Less than
. MeanvaluelL ess than 5|Lessthan B |Lessthan @
brightness of surface
Decorative lightim (cd/ )
c i Less than 28 | Less than 30
\'\/Aa?a(;mum Less than @ | Less than 6 | Less than 16
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Lighting fixtures installed before the designation of lighting environment management areas
have a grace period of 5 years

" Figure 9 Map of the designation of lighting environment management areas

The qualitative effect of the designation of lighting environment management areas includes the
removal of light pollution, improved safety of citizens walking, energy saving the
protection of the ecosystem. Quantitative effects of the designation of lighting environment
management areas is the reduction of electric energy; yearly savings of electric power are
409,630 MWh (40,261 (security lights) + 45,799 (streetlights) #©4,8ights for parks) +
315,056 (lights for advertisements) + 4,307 (lights for decoration)) which amounts to a yearly
ton of oil equivalent of 94,215 TOE. Table 15 below shows the expected effect by area.
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