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Seoul Mapo "%

- The first sample estate in Korea
- Supply for a middle class by government
- Applying a tower in the park




Seoul Sanggea

- The first high -rise apartment
- Central heating system
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1998

a sustainable environment estate

Pusan Dangam
- Terrace house using a nature ground

- The beginning of
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2007

- The last poor village in Seoul

- Redeveloped area

Seoul Nangok



Start Green housing

J Solar heating: apartment: house

Site Osan (a0)
houses 1,179
Collector area 1700
Storage tank 47ton
Cost $1,220,000
Energy saving About 15% of DHW
Payback $5.5/month/house

2 PV cell apartment: house

House . .
Item P17 P21
Net area
36 (1 house) 0.058 0.15
PV cell
Capacity [kW]
84 (1 house) 0.14 0.34

2009~




| Korean Weather

& The latitude- and longitude- of main: cities

BnaausocTok

.
Haxagxa

Cities latitude longitude
(M%%?:'Z) 37.7 127
iﬁgcﬁgi‘)’” 38 127.6
(S-giethcélrjn) E2 s
Jeju 33.1 126

) Design temperature for heating

+ Seoul -00-2 (
+ ChunCheon: -03-6 (
+ Tae Gu -6-5 (
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| Korean Weather

J Temperature and solar radiation

Average global horizontal solar radiation
(kwWh/m2/day)

Temperature in winter




| Korean Weather

» Wind speed
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IT. Green housing policy

1 | Start Green Housing

o Energy saving goal

@i08. 15 8L1L5 Theigovier nmentorhadepublii shed FLow Carb
@ 709. 9.19 a Ministry had' planned to'buildl | mil bl Greomhof<Gr ecen“housingS by 2
@ 109. 11.5 with Six ministries reported:' the energy saving plan in housing sector to the President

energy saving roadmap for green housing 30% in 2012, 60% in 2017, zero r-energy housing by 2025

o Establish of the regulations

@i09. 6 Amendment of the Regulations on housing construction: standards

Obligation: to design green(eco-friendly) housing for apartment housings with: 30 or more housing
@709.12 Notice Green housing construction: standards and performance = enforcement

Start to 10l 15% energy savings (10% for below floor area 60/, 15% over the area 60/ )
@ the Notice amendment f10(15I- 20%) 1,225l 30%), r15(30I- 40%), i17(50I- 60%) 19(60%)

f23(zero energy grade 5 for public Institution; 24(nearly zero energy for private)

J Revise the roadmap

@ In December 2017 : All apartment housings designed zero energy house in ‘25 y- All apartment

housings designed zero energy level 5 in '25

10



IT. Green housing policy

2 | Green Housing Regulations

o Regulation of Housing Construction Standard

@ Regulations on housing construction: standard Article 64'(Standards:for Construction of Energy -
saving green Housing)
a Inthe case of'constructing:an apartment house that has obtained approval for a.construction plan
pursuant to Article-15 of the Housing Law; it must be constructed @as an energy: 1< -saving green house
that can reduce total-energy consumption and carbon dioxide emissions using any-one:ormore:of

the following: technologies

1. Low-energy building construction technology such as-high insulation and high ;" -functional outer
shell structure; airtight design; using sunlight and greenmaterials

2. Energy-efficient equipment technology such as high -efficiency heat source equipment, control
equipment:and high! -efficiency ventilation equipment

3. Technology using new and renewable energy such as solar heat, solar power, geothermal heat-and
wind power

4. External environment creation technology to secure ecological circulation functions such as
preservation of natural ground, securing ecological area ratio'and circulation of rainwater

5. Building energy information technology, automatic ‘control device, and technology to. maximize

energy use efficiency; such as intelligent power grid
11



IT. Green housing policy

2 | Green Housing Regulations

2 Notice in: charge Ministry .~ of Land, Infrastructure - and Transport

@ Construction standards: for Green housing
(Article 6) Design recommendations-about Preservation of the land, Development density,
Ecological function; Sunlight; Renewable energy, Wind ways, Wasterecycling, Rainwater recycling.
(Article 7)) Green housing must meet one of thefollowing conditions.
a Green housing should' be designed with a primary energy consumption of less-than 120 kWh/ yr per
unit area of the- housing in accordance with the-evaluation method presented:in Article 14.

a Green housing must: meet all of the following  design standards.

Steel door
J Primary Energy  consumption: of the  criteria housing N
. Middle 1 Middle 2 Southern : :
Division . . . Jeju region =
Region Region region
No Cooling 352 320 288 256 S
With Cooling 384 352 320 288 -
Side wall | g
— =
Outer wall
Outer wall 1l A
(indirectly) e =(directly)
e S
Window(indirectly) Balcony Window(directly)

window(directly) 12



2 | Green Housing Regulations

II. Green housing policy

J Raising the green housing: design standard' 'S/ 8) § 0 4

o Energy Savings 0%(08) 10~15%(Oct. ‘09) 25~30%(Nov. '12) 30~40%(Mar. 15)
outside air
cold directly Below 3.0 Below 1.8 Below 1.2 Below 1.0
area C}ﬁgﬁ'ﬁe‘itﬁ:r Below 4.3 Below 2.8 Below 2.8 Below 1.9
outside air
Window | Southem directly Below 3.3 Below 2.1 Below 1.5 Below 1.2
/KL | area | outside air Below 4.7 Below 3.1 Below 23 Below 2.1
outside air
Jeju directly Below 4.2 Below 2.8 Below 1.8 Below 1.6
island | outside air
Overall indirectly Below 6.0 Below 3.7 Below 2.8 Below 2.5
heat o Oucfiﬂggl}?” Below 047 Below 0.36 Below 0.25 Below 021
coefficient area outside air
indirectl Below 0.64 Below 0.49 Below 0.32 Below 0.28
U-value = Y
outside air
O“I:r_,]atﬁr Southemn directly Below 0.58 Below 0.45 Below 0.32 Below 0.28
[W/mK] | @@ C}ﬁgﬁ'ﬂe‘itﬁ:r Below 0.81 Below 0.63 Below 047 Below 043
outside air
Jeju directly Below 0.76 Below 0.58 Below 0.50 Below 046
island C}ﬁgﬁ'f'eectﬁ:r Below 1.10 Below 0.85 Below 0.62 Below 0.58
Side cold area Below 0.35 Below 0.27 Below 0.20 Below 0.17
wall Southern area Below 047 Below 0.36 Below 0.28 Below 0.25
[W/m'K] Jeju island Below 058 Below 0.45 Below 0.35 Below 0.32
Boiler(heating system) Above 84% efficiency Above 87% efficiency Above 87% efficiency Above 91% efficiency
outside air B B Below U-value 14W/mK Below U-value 1.4W/m'K
Steel d directly Below airtight Level 1 Below airtight Level 1
eel door outside air _ _ Below U-value 1.8W/mK U-value, Below 1.8W{m’K
indirectly Below airtight Level 2 Below airtight Level 2
Airtight performance((outside air directly) - Below airtight Level 2 Below airtight Level 2 Below airtight Level 1
Window area ratio to walls and windows[%] - - - (0.0689xBay + 0.1044)= 100
Balcony window{outside air directly) U value - - - Below 2.8W/m'K
Boiler, Transformer, Electric motor High-efficiency equip. | High-efficiency equipment High-efficiency equipment High-efficiency equipment
Pumpstheating, DHW, Water) 1.12 times of KS efficiency | 1.12 times of KS efficiency 1.12 times of KS efficiency 1.12 times of KS efficiency
. Abave 1 each in livin Abaove 1 each in living room, Above 1 each in living room,
Standby power cut-off device - room, bedroom, and kitchen bedroom, and kitchen bedroom, and kitchen
Batch off switch - In-house installation In-house installation In-house installation
Household lighting High-efficiency lighting High-efficiency lighting High-efficiency lighting, or LED | High-efficiency lighting, or LED
Common tailet lighting - Automatic flashing switch Automatic flashing switch Automatic flashing switch
Room temperature control device - 1 for each room 1 for each room 1 for each room

13



II. Green housing policy

2 | Green Housing Regulations

J Raising the green housing: design standard' ' ' S06'} 82120+ Mnv (

. Energy Savings 50~60%(Dec. 17) 60%(uly. 21)
cold outside air directly Below 0.9 Below 0.9
area T | outside air indirectly Below 1.3 Below 1.2
cald outside air directly Below 1.0 Below 0.9
Window area 2 | outside air indirectly Below 1.5 Below 1.5
[W/m’K] Southern | outside air directly Below 1.2 Below 1.0
area outside air indirectly Below 1.7 Below 1.7
Overall Jeju outside air directly Below 1.6 Below 1.5
trg‘ﬁffer island | outside air indirectly Below 2.0 Below 1.7
coefficient cold outside air directly Below 0.15 Below 0.15
U-value area T | outside air indirectly Below 0.21 Below 0.21
cold outside air directly Below 0.17 Below 0.17
Outer wall | 2275 - —
(indludin outside air indirectly Below 0.24 Below 0.24
Si[‘flﬁ}a,fr;m’ral(l] Southern | outside air directly Below 0.22 Below 0.22
area outside air indirectly Below 0.31 Below 0.31
Jeju outside air directly Below 0.29 Below 0.29
island [ outside air indirectly Below 0.41 Below 0.35
Boiler(heating system) Above 91% efficiency Above 92% efficiency
outside air directly Below U-value TAW/mK, Below airtight Level 1 Below U-value TAW/m'K Below airtight Level 1
Steel door outside air indirectly U-value, Below 1.8W/mK, Below airtight Level 2 U-value, Below 1.8W/mK, Below airtight Level 2
Airtight performance((outside air directly) Below airtight Level 1 Below airtight Level 1
Window area ratio to walls and windows[%] (0.0689=Bay + 0.1044)x 100 (0.0689=Bay + 0.1044)x100
Balcony window(outside air directly) U value Below 2.4AW/mK Below 2AW/mK
Boiler, Transformer, Electric motor High-efficiency equip. High-efficiency equip.
Pumps(heating, DHW, Water) 1.12 times of KS effidency 112 times of KS effidency
Sandby poner cutofl deice Phoge T exh i i roam bedroom and Kchen | Aboye T exch n Ting reor oo nd ficher
Batch off switch In-house installation In-house installation
lllumination density 10W/m’ SW/m' == FH LED
Renewable energy system, outside insulation system 10 points 25 points
Household lighting High-efficiency lighting High-efficiency lighting
Common toilet lighting Automatic flashing switch Automatic flashing switch
Room temperature control device 1 for each room 1 for each room

14



II. Green housing policy

| Green Housing Regulations

J Energy saving calculation software (before December 2017)
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II. Green housing policy

2 | Green Housing Regulations

o Energy saving calculation software - (afterr December 2017 ~ Now)
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II. Green housing policy

2 | Green Housing Regulations

o Additional construction - cost

@ Additional construction cost criteria according to the energy saving rate is in the Notice,
Green housing construction standard

@ The additional cost is calculated by multiplying the floor area for each energy saving rate
per unit area, and this value is added to the basic construction cost

< Additional cost per unit area by energy saving ( Unit: KRW/ ) >

ALAEY SEINE 25% 30% 40% 50% 55% 60%

Area
Middle 1. 2 5,940 11.879 23758 35 637 41,577 47516
Southern, Jeju island 4,134 8269 16,537 24.806 28 940 33,074

@ If the energy saving rate exceeds 60 %, use the correlations for green housing addition cost

Energy savings[%] Middle 1 Middle 2 Southern, Jeju island
60 ~65 y = 1,7943X - 107,666 y = 1,7943X - 107666 |y = 24.33*(X-60)%
65~70 y = 1,7143X — 108,248 y = 15543X - 100372 |y = 24.33*(X-60)*
70~75 y = 3,294.3x y = 2994.8x y = 1,385.8x - 95944
Over 75 y = 3,294.3x y = 2,994.8x y = 2,6954x

17



: :
2 | Green Housing Regulations

o Tables of the-additional construction cost (Middle region 2, KRW/'/ /)

B Bth floor Eth to 11th 1o 16th to 21th to 26th to a0 floors Sth floor Bth to 11th to 16th ta 21th to 25th to 0 flaars

. 3&] and 10th 15th 20th 25th 30th and < E‘_HES‘M and 10th 15th Z0th 35th 30th and
SN below flocr floor tlocr tloor floer akove IS balons flear flear flvar flaar flaar atbers

0 a 87 £4,330
Zl 1,188 63 67,000
ZZ Z,376 89 63,113
2] 3,564 0 240
g égi% 71 73,360 75,324
= 2137 12 75,480 77,445 79,409
5 aarE 13 77,539 79,565 81,529 33,495
7 3503 74 79,720 83,850 85,814 7,580
o 10,631 75 81,340 87,735 39,699 91,865
g 11879 6 83,960 85,325 91,819 93,785 95,749
3l 13.067 T 36,081 90,010 95,904 97,370 99,834
R 14.755 3 33,200 90,164 94,094 99,939 101,354 | 103,919
=3 15 443 79 90,320 94,250 98,179 104075 | 108,039 108,004
3 16,631 80 92,441 98,335 102,265 | 108160 | 110124 | 112089
Ed 17,819 81 34,561 102,420 | 108,350
E 19,008 32 98,6530 106,505 | 110,435
Ell 20,194 33 93,300 110,589 | 114,519
G 21,382 34 100,921 114674 | 118604
EE] 22,570 a5 103,041 | 105008 | 118759 123,689
40 23,758 36 105,160 | 109,090 | 132,845 126,774
4l 24 346 37 107,251 | 113175 | 126930 | 130,559
42 26,134 38 109,401 | 117,260 | 131,014 | 134943
43 27322 39 111,521 | 121,346 | 135099 | 139028
4 26,510 0 113,642 | 125431 | 139184 | 143114
ig ggggg a1 115,781
- 0T 92 117,831
48 33,261 gi %?gé
19 34,449 .
5D B 95 124,241
o 5825 96 126,361
52 38,013 il 128,452
5 35,201 93 130,602
[ 40,389 33 132,721
[ 41 577 100 134,842
56 42,764
57 43,352
] 45,140
] 4 325
£0 47516
H 49,442
f2 51,757
£3 T
B4 57,585
£5 61,300
£6 £2,759

18



IT. Green housing policy

3 | Energy Saving Roadmap

o Cost Optimal Level

@ Net present value (NPV) calculation for 30 years of housing use by considering investment cost
energy cost, maintenance cost, and real financial discount rate

@ After applying the current level of passive technology first, cost analysis according to the primary
energy consumption according to the scenario where the solar system and the external insulation
system are applied later

@ In 2017, the cost optimization point was about 110 kWh/
about 100 kwh/ yr for 84

@ In 2020, the cost optimization point was about

yr for the floor a r e a26 o,fand
of the primary energy consumption of heating, hot water, and lighting
90~100kWh/m?for the area o f or @e which

is lower than in '17 evaluated

40,000
30,000,000
35,000

30,000

Analysis of cost optimization level according to primary energy

100 150
1RHOH LA X| 28] B[k Wh/myr]

(a) Dec. 2017

200

250

25,000,000

= y 20,000,000 ——
i 25000 7 . i e
i - g
S 20,000 d Y 15,000,000 —
© -
) =
£ 15000 -
3 10,000,000
d
=
8 10,000 Cost Optimal
5,000,000
5,000 | o 00 5%
x ® " =
_—r —— CostOptimal
0

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380

1RO Z] A HIZF (kwhy/myr]

(b) March 2020

consumption(heating, hot water, lighting) 19



i
3 | Energy Saving Roadmap I Green housing policy

o Energy saving roadmap (Before Dec.« ~21)

@ 2022 : Energy efficiency level 1++ (only 60  or more, zero energy grade 5, Cost Optimal Level )

@ 2025 : Zero Energy Level 5 (all apartment housings)

Division 2018 year 2020 year 2022 year 2025 year

Energy efficiency level 1+ 1+ T++ 1++

Primary energy

[KWhy m'yr] Below 120 Below 100 Below 90 Below 80
Qualitative indicator Passive house Rengwable energy Zero energy Iev?l 5 | Zero energy level 5 for
Installation for over 60m all apartment houses
Energy savings 60% 65% 70% 75%

20



IT. Green housing policy

3 | Energy Saving Roadmap

o 2050 Carbon neutral scenario

@ Two scenarios for net zero green house gas emission in 2050 (727.6 million tons in  "18)

- Plan A : to reduce emissions as much as possible, such as out of use of thermal power generation

- Plan B : to utilize CO , removal technologies such as CCUS instead of fossil power generation remaining

@ Transformation (Electricity)

21



