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% 60 61.5% | 30.7% 0.498 19.7 2| 0.56 2 0 1 1 3.0
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SUMMARY

The Policy Directions for Apartment Design Mitigating Greenhouse Gas
Emissions

Cho, Sang-Kyu
Lee, Jin-Min

The climate change accompanied by global warming has become a major threat to the
world economy and survival of human race, and the anthropologic greenhouse gas emissions are

known to be the major reason of the global warming.

The GHG emissions from housing buildings are determined not only by technological
factors including materials and HVAC system, but also by design factors. There have been a
large amount of literature on the effect of technological factors on GHG emissions of housing
buildings, but the effect of design factors combined with building systems factors remains rather

unclear.

In this context, this research aims to provide empirical basis on the combined effect of
design factors and building systems factors on the amount of annual GHG emissions and

construction cost under the 'Greenhome guidelines' released 2009 by the government.

According to the government statistics, the nation-wide annual GHG emission is estimated
to be 600 Mt-CO2, and the portion of the multi-family housing sector is estimated to he 5.4%
in the national emission. One apartment housing unit causes GHG emissions of 148t.CO2
throught its lifecycle when its lifecycle is assumed to be 30 years, and about 75% of the

lifecycle GHG emissions is caused by energy-consumption during its in-use stage.

To provide further understanding on the link between design factors and building systems
factors on the GHG emissions, an analytic framework was devised for estimating the amount of

GHG emissions and construction cost under every possible combination of design variables and
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building systems variables. The variables used in the analysis include development density in
terms of the floor area ratio, height of housing buildings, thermal insulation level, use of energy
recovery ventilation system, use of combined heat and power system, and capacity of
photovoltaic generation system per dwelling unit. The results from the analysis can be

summarized as follows:

1. The construction cost increase for 1% point GHG reduction is estimated to be
0.6%~0.76% of that of the base model. The cost increasement varies significantly by the
availability of grid-connection with in-site power generation system. This means the
cost-efficiency for mitigating GHG emissions of apartment housing can be significantly improved

when the grid connection is available for inverse-transmission.

2. The height of apartment buildings clearly limits the maximum reduction level of annual
GHG emissions. The building height is directly linked to the maximum capacity of PV system
per housing unit, thus influencing the maximum GHG reduction level: There is no feasible
solution for apartment buildings exceed 5-stories which can achieve more than 50% annual
GHG reduction level. The result implies that regulations involving physical design and form of

apartment housing can significantly affect the GHG mitigation policy in housing sector.

3. In the same context, the density of apartment housing development can affect the
maximum level of GHG reduction. The result of the analysis shows that the development
density is limited to 1.5 in terms of the floor area ratio for the net zero carbon emissions.
When the FAR is set to 2.0, the maximum GHG reduction level is limited to 66%. This

limitation is not linked to the cost-feasibility, but it is linked to the technological constraint.
Policy implications drawn from the research findings can be summarized as follows:

1. The GHG reduction level should be set higher than the current guideline which set the
target level to 15~20% compared to the baseline model because current target level is neither
cost-effective nor the technologies for GHG reduction are abundant in market. The government
should focus on establishing social infrastructure such as the Smartgrid system which can

significantly reduce social cost of GHG reduction in housing sector.

78



2. The government should review design regulations which can influence the GHG
reduction of apartment housing. In particular, high density - super tall apartment development
practice should be reviewed when the government is to achieve more than 50% GHG reduction

in housing sector.

3. The government guidelines for the 'Greenhome' can be improved in ways that it can
reflect actual amount of GHG emissions by adopting more elaborated numeric model for

pre-estimation of GHG emissions with building systems factors.

Keywords : Apartment housing, Greenhouse gases, Cost-effect analysis, Greenhome, Renewable
energy sources
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Climate’
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Norfolk
Whitehill Bordon,

Rackheath, Oxford North West Bicester, Hampshire

Conwell

(

China community

: http://news.bbc.co.uk)
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49)

4 ,
‘Planning Policy statement 1’
0 AE8E
8% 2050 80%

o QYA HA = ABAE
o Wygo] st o &  Adve " AF
o A 7hsd Am AHE
O FH0MS oiX] A
23%
, 100%

o F7%E ’Sustainable Home level 450 wWiEsl=Z2 AECB Siver =+ BREEAM
Excellent 585 &5 fAdg

o e A1 57 AUA &
o ORE AAY AUAZ FFY 4 YEE A2EE T
E

o FH AUA F 50%01°E A|E AAl el A At ThestE R AlXE =

49) 1) Amersfoort, , 2) Friburg, , 3) Hammarby, , 4) Zaragoza, , 5) Dongtan,
50) (BRE) Code for Sustainable Home 4  (Level 4) , 2016 6
(Level 6) , 2010 4
- Code for Sustainable Home : BRE Golobal Ecohomes
2007 4 7

.(Energy efficiency/CO2, Water efficiency, Surface water management, Site waste management,
Household waste management, Use of materials, Lifetime homes (applies to Code Level 6 only) )
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o Uz ALEFS AANTCE & F UEE AnlE FdS HH

O us
23%
80%
, , BEDZED
50-65% : 17%
Freibrug
60-80%
15-25% 21-28%

51)

Y
)

o B mEAZE HAA 7] Y& AFUE A 9 RS FAR
AAY ARAAR wF 7bsd Agd Eoh ol 2= F4 2= Agyn #d
o] gl=tl, FEtot2 50 oA 1004t B= AF7E 7hsdt=s Agsty 2
ey, o=, g, $A= T A gt NS EE 10-154 %
Al gt

o EE ANZHE, AFY o]fHT= AU AAAR olFsty| HEE F4 g
4o st ot F /A THFo ok Tt

_QE

o AY YAe A 5T NG AY FUNA IR, FHTY AFFE Ao
3 ANJEE A, AAHoE A AL 0% ol4g ALFT
Bojan, F2HOE %A GHES Bt

o REolsh ASE A% AR oA, WBFHY Hole ARE AET F U
A wi @71%%x}% eSS gt

8%
12%
25%-40% ,

51) Building for Life: tinyurl.com/5hvuhq
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2% BeW ARTUE AEELS AFate ol&atA Yotk A Ho] Jhsst
TE Aggt

2B EW@ OARle] 71FE AAL D ZE FAMNELS Building for Life golds2ol
A AASHE 7S w2, 2) v st o H-S5Es gale 19
& me) 7)EHE o= 7] UKCIP08S #Fx3t), 3) BRE F7 AYES
English Partnerships®¥oll Al A|AJst= 4o A3 F3te] 73S + e AU
A &3l oF .

EME H X2

BE Alded Hles

Sustainable Homes LEVEL 47]&o 2+

o= gele 43
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>
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rir
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i)

o Environmental Agencyolx TAsE TFAY 39 sdets A o L9
Aol AgatA F=
1Zst o|REA
52) Building for Life CABE
20 . 20 16 gold

53) UKCIPO UK 2ist Century Climate Change Projections (2008) project

54) English Partnerships

88



@ A gA

Z §9

& o
=

| Haa AdA Fdel €4 7le

5

5

i)
%
A~
o
o
oo
il
=
T
yj
o
—_
L}
my
o
oy
M
ofp
o
M
&I 7o)
T 9
oy X
w5
CICN
Ho o
Ho &I
T
=T o=
of
W_
W g
5 X
ﬂ Le]
o W

KiF

8r
30

20

md

ofp

e

ul
E,

A wi ]

5

o AE o AAAHA FHHANE A THA AdE F, &, Y

A7

3to], ol ek

& o] 83

89



1) Rachkheath, Norwich

@ LM
O Al&X}: Building partnerships, Barratt Home55)
O Xl NorwichA| 21, Norfolk

O M2 X|¥ #2: 1,6002 D=

Norwich
, 2025 280,000
2021 36,000
, Norwich
Rackheath Norwich 6km
, Norwich 10,000
6,000 , 2007
A 2
@ X He
Rackheath 20~30m
55) Barratt Homes
. Slough Eton Green
Chorley .( www.barratthomes.co.uk)

90

230,000

, 33,000

57

Lancashire



Q@ OAE SH

Rackheath
, , , , 40%
-1 ] Land Use

Landuse Hectares % Site Area
Residential 100.3 34.2
Employment 22.9 7.8
Energy centre 6.0 2.0
Rail freight — biomass 10.0 3.4
Primary schools 3.6 1.2
Secondary school 8.1 2.8
Community facilities 0.5 0.2
Public greenspace - pitches 18.3 6.3
Public greenspace - allotments 2.9 1.0
Public greenspace - meadows 65.8 22.5
Public greenspace - parks 11.9 4.1
Public greenspace - routes 9.5 3.2
Other public greenspace 16.1 5.5
Water recycling 5.4 1.8
Primary road network 11.6 4.0

Site area 292.9 100.0

> Concept statement in respect of rachheath eco community, (downloaded from official website of rackheath project)
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Masterplan:

42.1%

showing key principles

Rackheath

292.9 34.2%( 5000 )

300m

40% . 85%
Rackheath

Concept statement in respect of rachheath eco community)
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[ -2]

Type Units
1 bed flat 625
2 bed flat 351
2 bed house(3 person) 391
2 bed house(4 person) 390
3 bed house 1406
4 bed house 742
Flats above High Street premises 240

: Concept statement in respect of rachheath eco community

Mm-S 98 FHFF - ‘Planing Policy Statement 3’ 560 o FAGA A
A ZhelEgiRl mEW, AEFE @A W 40%0]4-> AHEe] Fud & e

AR5z AgTIAolco} shw mE ARATFE Faoloiof Frh Yuka o
o

2 olmgEe U Fdo Ha Aol ¥ Syl gled, olF ARz

Hoz FFY 4 Ut UAAL ANk Bk
o Z1EFdel ewulold : @A AZEE A AolE ol AEY 87071771

B3 QEd, old A7SdE doz ANY Auped omgd 4est
Gz ABAHL FA7) A3 A AYALe] o] Fold AFolth Thpa
Bopol A 87 wuloldo] AW dHH, o|E Sof, B, o5, 25}
E g, &2 Y, Bad 2509 5o Mol Fa vl 2 Aol

56) PPS3 , 2010 6

‘Affordable Rural Housing Commision'
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( : Concept statement in respect of
rachheath eco community)
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20MW

photovoltaic panel,



40MW

90

50%

80~

gasification

. Barrett CHP
3 3 1

[ -6]
: Concept statement in respect of rachheath eco community)
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( : Concept statement in respect

of rachheath eco community)
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Rackheath [ -4] Code for Sustainable Homes

CODE FOR SUSTAINABLE HOMES

Code Level Water Standard
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100 2 120
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2) Whitehill bordon

O HEA= M

O Al

o Whitehill Bordon Opportunity Executive Group, AECOM Design+Planning,
AECOM Building Engineering, Alan Baxter & Associates, Kevin Murray

Associates, Zedfactory Ltd

O 9x|: 2 HME Whitehill Bordon, Hampshire

O M8 XY F2: 1,190 Ot2c

o+ ||

N
[ -8]
( > Whitehill bordon draft framework masterplan, 2010, AECOM)
Southern Down Whitehill Bordon 60~120m
, 1900
. 2001 6,000

Urban anca

Large urban areas
Hampshire County
sy

Motorway

A-road



2014
, 2006 ‘Green town vision’ ,
230
2009

5,500 , 2,000
2028
21,937

@ OtAEISH

Whitehill Bordon 25

South East Plan
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P 0 D5 Comn ey Fiopiwronst Fufsmmy g
[ A - )

[ -9]
( : Whitehill bordon draft framework masterplan, 2010, AECOM)

O O|ZE2Q| THAX e OfAE S

4
[ -7]
1 1 : 2010-2014 ( )
- 350
1,000 , 800
2 2 :2015-2019 ( )
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- A325

3,500~20,000 , 900

- 2,300~22,000
, 800

: Whitehill bordon draft framework masterplan, 2010, AECOM
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Q FEHIZZAE
South East Plan 25% Social Housing
Affordable House , PPS57) 40%
Affordable House . Whitehill Bordon 35%

Affordable House ,

75% : 2% 28%

Masterplan Target
O Minx

e |
R o 18 o % 100 m %0 3 = "
e o = 180 0 Wa 100 13 4 1% e G
[ ) 1o s e = & " ™ o] e
B @ £ s m o 200 w0 m e I
o [’ 2 100 " o g 1 % a0 o
R - o o ] o -] i T8 o e i

T = £ . 20 e [CER

e 1 e e = L L i S —]

L St = m [y S—
- w7 |
[ -10]
( : Whitehill bordon draft framework masterplan, 2010, AECOM)

57) Planing Policy Statement
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Green Roots Neibourhoods

- 100%
- 4~5
- 2~4
-1 20~30
- 22 550
Green Steets Neibourhoods
[P
LI T TR
‘st‘l."l i
»*;__; - 85% 15%
e 1 - 3-~4
Wanrun”
& ": - LLLW - 3’\’5
-1 40~55
- 39 1,850
Green Views Neibourhoods
- 70% 30%
- 2~3
- 3~5
- 17 1,020
( : Whitehill bordon draft framework masterplan, 2010, AECOM)
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36% ,

-10]

Green Loop

Wildlife Corridor

& i /7 | Blue Corridor

: Whitehill bordon draft framework masterplan, 2010, AECOM
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Whitehill Bordon

o A FAA AFsy d= + du
dztg] F4 3857 AT £ 9
N2 e 5 ZEdlok &

o A W YA E AR AL F A
49| AFAY wlgo] ol vy
za A A o5 4T 4 9

Hesnsrds g3k 3

rlrﬁ

o WA, AALYE FET F = MW
A g2 Y Aol BE [ _13)
o A AHo 3F xE0ldHo] BEF
] ]—"/]- . jLo v ] T-j ]-O:]’ ( : Whitehill bordon draft framework
AR §18 B ALYAY FEol

masterplan, 2010, AECOM)

5,500
7,000

® uE
Whitehill Bordon
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2001

74% 4%
80% :
17%
: 9% 17%
Green Loop  Green Grid
20% 25%
400m
, Walking School,
Walking Buses
2% 12%
City Car Club
@ oAxX[Y 2F Qlmat AlM
O oL
Sustainable Home Level 4
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) 39kwh/n’,
46kwh/m’
CHP

ROOF INSULATION ADDED
BATHROOM ITEMS Bl

3 DOUBLE GLAZED RATION
Sy by WINDOWS FITTED

ATy

"

100-150mm INSULATION
ON OUTSIDE OF WALL

[ -12]
( > Whitehill bordon draft framework masterplan, 2010, AECOM)
7|2
fore e §
od
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Grey Water

CHP
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3) China clay community
D M
O A&Xt: Eco BOS, Orascom, Imerys, Eden
O ¢X: =2 ME conwall X|¥2China clay community

0 &2 XY 7B 1,008 DRE (35 2~4ME II2E %7} K|HUI}S)

, 2008  Impery
6 St. Augull
Conwall
6 , 700 , West Carcraza and Baal, Par
Docks, Goobarrow, Blackpool, Nanpean and Drinnick

St Austall O Par Docks
. -

. Blackpool_ -\

x

[ -13] China Clay Community
( : Eco-bos creation communities, mid conwall, 2010)

1- 111



, 5,500

1) 2 .3 4 )

N arnplorymant

Hrwy fartrtuaraly divicmi

M moo-hormes
Fiws: s zang]

Fiwa lavis

Potsrtil rewy relminy #1REGN

Exitrg cistminy halsie

00 ' HHE KN ?

Fuurn Trewoon Bypans

l

Fusarw Yeostern bk mad

Fustrn K304

L

Al Pwsbgrema of ks

Mam rpacla

[ -14]
( : Eco-bos creation communities, mid conwall, 2010)
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O West carcraza and baal

[ -19] ,

( : http://eco-bos.com /

,
o 1800~2500Mt T+ FAEXA

o 2le] Yol Ble] EAL 7 FARASE 947
o A78EIZY o2& AT 1

o 3l8lEizo] o2t 59} x3

o 8AERZ Ao ABA2A

o AY, B, vhol 2]

O Par docks

Eco-bos creation communities, mid conwall, 2010 )

[ -16] ,

( : http://eco-bos.com /

Par Docks

Eco-bos creation communities, mid conwall, 2010 )
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o 500~T7004Ih TFEo] FHELE 74K A=
o 6719 S5H& 7k A% FAGA Y} VEFAEHY 255 1Y
o FFEAZA] ZtFojxjol & AME], AU rHl, RE bR, dAee

73 A7AE AdEA 24 24

¢

&/fe 450-550

[ -17]
( : http://eco-bos.com/our-plans/masterplan-sites/goonbarrow-refinery/)
( : Eco-bos creation communities, mid conwall, 2010 [Exhibition board version])
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O Blackpool

-19]

[

http://eco-bos.com /

Eco-bos creation communities, mid conwall, 2010 )

2,500

2,100
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O Nanpean and Drinnick

[ -21]
150 ~300
o
[ -20]
( : http://eco-bos.com/our-plans/masterplan-sites/drinnick—nanpean/ )
( : Eco-bos creation communities, mid conwall, 2010 [Exhibition board version])
@ F4327g
Conwall 20 35% ,
16,000
9 )
“Affordable Housing” 48%

40%

116

Affordable Housing
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Low carbon home with south facing front gardens
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Zero carbon home
[ -22]
( : Eco-bos creation communities, mid conwall, 2010 [Exhibition board version])
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4) Northwest Bicester

D He
O A|&Xt: P3 Eco Ltd, Farrells, Arup, Mattews and goodman & Eco Home Ltd
O Xl SAHEA Q12 X|HQ| 2| Northwest Bicester

O 32 X¥ 72 1,0002 o=

</ south West Bicester
Development

Bicester
Business Park

[ -23]
( : NW Biceter Eco-town concept study—prepared for Cherwell district council, Halcrow group Ltd. 2009)

North West Bicester Bicester 1.5km
345 :
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North West Bicester , .

[ —-24INW Bicester Eco Town
- NW Biceter Eco—town concept study—prepared for Cherwell district council, Halcrow group Ltd. 2009
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©)

[ -14]

Summary Area %
Employment 31.80 ha 9
Residential 125.00 ha 36
Local Centre 9.91 ha 3
Education 17.16 ha 5
Open Space 138.23 ha 40
Infrastructure 23.00 ha 7

Total 345.10 ha 100

: NW Biceter Eco-toan concept study—prepared for Chervell district coundl, Helcrow group Ltd. 2009

EH
=)

OH

=l
South East Plan58)

Jiok

P
e

Bicester

6,400

2026

5,000

ECO2H20USE

o Modular Framing System: AA|% x| 2 tF Rgd 4 3
A FzA =2 dEA5E HUME g

o B AMz"olRl AR, YAkl o= el TFdt FAEY

A 7Hs

o oA &L 7152 CSH Level 69 #g3t== t]z}ol

o Mg AR A T TAEHE gaFol Hu, HI] A AEEo] T A

52 M

58) 'South East plan’ 2009

7

122

South East (GOSE)

the Secretary of State for Communities and Local government
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o PCM thermal capacity A& A&

Modular Framing
System

[ -25] NW Bicester
( : A Vision for the Future of Bicester: NW Bicester Eco-development, FARRELLS, 2009)
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5) BEDZED

D He
O A&X} : Zed factory(Bill Dunster), BioRegional, Peabody Trust S
O X|¥ : LondonA|l 5, Sutton

O 2 : 16,500m2, 1007+

BEDZED
Sutton
, 1999 2001
59) 2006 BEDZED
2016
) [ -26] BEDZED
10 60) ( > www.bioregional.org.uk)
BEDZED , .
1/3 )
59) BEDZED Housing Coperation
London Housing Association
1/3 middle class 2/3 poor class
60) .2008. . Brief 200 .
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[ 4-27] Siteplan
( : http://www.cabe.org.uk/case-studies/bedzed)

61)

62)

@ Hxl & HE 44

BEDZED
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61)

62) 2000.
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Bridge

[ -28] BEDZED
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(80%) : planting

, Bridge
, 63)
30% 10
pay back period BEDZED
roof top gardening
Q@ oL
cHA B _rt NTIE
U e LAy - __j_'] _'_-N_"T
, = s L 1,-_
50cm g iy |l @
[ -29] BedZED
PSV(Passive Stack Ventilation)
( . http://www.budaeco.org)
.64)
1/5
. BEDZED
63) 3 : 2 , 4
64) (2009), " ip
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66)

BEDZED

-15]

[

2007

48.0kWh/m’/

)

81%

(Sutton

)

6kWh

57%

3.4kWh

(Sutton

2y
15,
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(

2304
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90%
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33%
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33%

)

150/
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50%
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Brief v.200.

(2008), “
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City Car
Club ,
[ -30] City Car

® FH & HARLIE =4

BEDZED

Social Mix
30% 30%
Peabody Trust 40% ,
67)

BEDZED

67) 2009 post cooupation evaluation 15
1 20 social

community
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