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Remodeling Techniques for Reducing Greenhouse Gases Emissions

in Existing Buildings
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?Associate Professor, Department of Civil Engineering, Sangmyung University, Chungnam, Korea

Abstract: There are only 10 projects of the domestic greenhouse gas(GHG) emissions trading scheme in building sector

(i.e.,

1.5% of 652 registered projects) because the certified methodologies to reduce GHG emissions can not be applied

to building sector. This study presents remodeling techniques to reduce GHG emissions in existing buildings. First of
all, preconditions and related regulations were reviewed. And then, a pool of factors for GHG reduction are selected
and evaluated with respect to factors for reducing energy consumption. This study also investigates the criteria and the
decision making process for remodeling techniques to reduce GHG emissions. Finally, the remodeling techniques using
the decision making process were grouped based on redundancy of each effect. If reducing methodologies for GHG
offset program can be developed using the analyzed remodeling techniques in this study, registered projects in building

sector would be increase.

Key Words: greenhouse gases reduction, building energy, reducing methodology, remodeling technique, decision making process
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Table 6. Analysis result of technical factors for greenremodeling projects

Effectiveness of ) GHG 3)
Technical energy saving” Energy Reduction Reduction type MRV Redundancy between
factors Direct | Indirect colr:gti- Heatin ‘Water Lighting MxiimyReduc't Avoid- Absorb Measu-| Calcul-|Simul-a| oﬂle;aggrhsnical
N 2 supply ion | ance ring | ation | tion
oning
1 Insulation X O v v - - v O X X [Integration| X |Individuall 2,3,4,5,8,9,10,12
2 | Air tightness X O A v - - v (@] X X |Integration| X |Individual 1,3,5,8,10,12
3 Door and % o v 4 _ _ v e x X |Integration| X |Individuall 1,2,4,5,8,9,10,12
window
4 Shad_mg % 0 v A _ _ \v4 @) X X Integration| X Individual 1,3,4,9,10,11
device
5 Heat gain X O A v - - \Y% O X X |Integration| X |Individual 1,2,3,8,10,12
High energy
6 | efficiency O @) - - - v v @) X % |Individual|Individual|Individual 9
equipment
7 Rzrigle o o v v v v v o} x X |IndividualIndividual Individual -
Natural . -
8 | daylighting |~ © ALY L - W YO x| (imegaton) X findividuall - 1,2,3,5,10,12
9 Ventilation X O v A - - v O X X Integration X Individual 1,3,4,6,9,10,1 1
Thermal
10 bridge x ) v v - - v @) x X |Integration| X |Individuall  1,2,3,4,5,8,9,12
prevention
11 | Interior finish X X - - - - O X x x x X -
Building
12 greenery X O v v - - v O X O Integration|Individual|Individual ]72,37475787971 0
system
13 Resource % o B _ _ _ v 0] x X |Individual] X X 6
circulation
14 | Waste recycling X X - - - - - X X X X X X -

1) Direct : Energy saving, directly / Indirect :
2) ¥ : Can reduce energy load, V :
3) Integration :

Energy saving, indirectly

Potential energy load reduction, A
can not measure effectiveness of energy savings from
technical factors, toally. Individual : can measure the effectiveness of each

: Increase energy load, A : Potential energy load increase, - : N/A
each individual technical factors, but can measure the effectiveness through integrated
technical factor.

Table 7. Analysis result of technical factors based regulation of eco-friendly design criteria of buildings

Effectiveness of . GHG
energy saving Energy Reduction Reduction type MRV Redundancy
Technical Air between other
factors . . L | e | Water | . |Reduc-{Avoid- Measu-/Calcul-| Simul-| ~ technical
Direct | Indirect cgnnﬁg- Heating supply LightingVhdchinay| tion | ance Absorb ring | ation | ation factors
1 Insulation of outer wall (@] v v - - v O X x jon| X ion
2 Roof insulation @] v v - - v @] X X |Integration] X |Integration
3 Bottom Insulation O v v - - v e} x <l onl x I ionl
4 Air tightness O A v - - v O X x| ion| x| ion
5 opening for natural o A v R v v o « < o x o ;i‘t:g?sicglf
daylighting
green-
6 Window insulation @) v v - - v @) X x| ionl X I ion| remodeling
Installation of X ) i )
7 shading device O v AN - - \v4 O X X |[Integration| X [Integration
8 Heat gain (@] A v - v v @] X x | X n
Installation of
9 revolving door @] A v - - \v4 @) X X n| X |
fimprove of heating
10 system efficiency o - - - - v (@] x x x « _
Inprove of Air conditio-ning . -
1 system efficiency O - - - - v o x x n X x -
30 | Power saving system - - - - v (@] X x| jon| X x -
Renewable energy " .
31 for power production © v v v v v O x X nox x -
Renewable energy i )
32 for heat production @] - v v - - @] X X |Integration] X X -
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Table 8. Analysis result of technical factors of insulation FTEHEE X 79 19352 ALt 28 oy
. 1 Azkasl Mg Aow Bobe AueiHE 69l 11)
s Techniques using materials - N B ~
Definition of low heat conduction 3”]’ OﬂL‘]X] Xé?:]——g—‘v’]'7]' %}]\J—l Xé %k§}7]' Oieélq—ﬂ *‘1&%% lﬂ]
. . . 71 EASFL (T 6o 14)L 7159 A A A skl
Heating and air-conditioning ]? 2 O)\JJ_ 61 14 = - poolelAf 7 ]o]—)\i\\:}—
load reduction =28 7|84 poold V|E AFEL 2AVA TS
Pupose | Irevention of dew A% ReY 7)&e wEahed B A7
General - enhancement of thermal 7= 7124 Pool2 X 99} 7T}
comfort
Physical | Exterior finish Table 9. Pool of technical factors to reduce GHG
techniques | Thermal insulating material emissions
Related : ;
technique Thermal bridge prevention Technical factors
Key factors Heat transfer coefficient Insulation, Air tightness, Door and window, Shading
Reduction device, Heat gain, High energy efficiency equipment,
or not Yes Renewable Energy, Natural daylighting, Ventilation,
Type Energy saving Thermal bridge prevention, Building greenery system,
Methods indirect Resource circulation, Improve of heating system
Energy Ranee - Heating load efficiency, Improve of Air conditioning system
Reduction € ~_Air-conditioning load efficiency, Improve of efficiency of equipments of heat
- Power sources and ventilation, Cooling system using outdoor
Target II;I(fsastil fuel air, Heat recovery ventilation system, Ventilation system
using bottom heat, Heat recovery ventilation system of
Other N/A boiler and HVAC, Improve of operational efficiency of
Rectl}lllgélon Reduction of GHG emissions equipments of heat sources, Adopt of eco-friendly
. Power control method of AHU, Water recovery ventilation
GHG Sources | Heat system, Improve of boiler efficiency, Adopt of
Reduction - Fossil fuel eco-friendly control method of water pump for heating
- CO, and air conditioning, Eco-friendly control of water pump
GHG type | CHa, and high pressure feed, water pump, Eco-friendly control
- N0 of mechanical equipment, High efficiency transformer,
Quantification Yes Low backflow condenser, LED lighting, Illumination
or not . control systems, Partial Lighting, Lighting control
Methods 18\;[;2111512321% system, Power saving system, Renewable energy for
MRV — power production, Renewable energy for heat production,
- Measuring : mechanical equipment : : :
Range and (power and fossil fuel) Fuel conversion from fossil fuel, Change of refrigerant
methods | Simulation : energy requirements
and consumption - - -
i 4. 2T~ &S 2I8 2|2YY Vs £F
- Air tightness
- Door and window = = =
. Shading device 41 %/éljl'ﬁ %Il-jT 7|$ E%% '°r’|°|_|' ﬁ@ E:H:lﬂ
Redoretncy| Redundancy | Heat gain NE AFE) LATs 5L A% Budy 7)6e
range - Natural daylighting . o=l A SITE 2= O Al Sl L EES. o] 4]
- Ventilation &3] eiAe e Ve R SAVEE EEE A
- Thermal bridge prevention We 5 RS AFUHEe] A V% wheh A
- Building greenery system - _ o
T Slofok stal &84 H Sl Vs Aol 7hsstolof
At} a3 0] A WrhE L LUEY o] b5
T 8e) vl @2 BADII B, UA A Stolok BThE AFAE Sk FES AT E 99
S A 98 adgRdy 71E8h 147149, oy YR 7] 84 pools &85k, W E o] 7HE
A AopA 7zl W oA H7)E 24 327 E g 2A7kA s PRAd Vles =Estaal el
2Agte] & 63 & 7 F1%sdT) o SAstel, SWs AE UndY J14S AR
ek A7IE S A1 A ZRASE v
3.3 2ATIA ZE J|E£24 Pool £& stk A7k fEE AR ARy Ve AATIE
B4 A9E By 247ks B5S 49 3K R SRR ZRASE a9 19 4
7% pools T2} olw, T EH @4}
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, o | sk 2ol 37 A1 ek BE S A8 Qi A
B — o= veolt, A95(y), AL85Y BIH =
ication o -
assessment QATH), AL ol g3 B/1FA (18, 2
<= No A Mentioned technique TE F%719 09 344R 24(199), Al HE
can be applied _
in _domestic projects. 3] ] i), W), Wsrl el MAGTH)
—_—Cy 845 WU B84 S04 UED A0 2449
(l\ﬁ) Use possibility assessment th =g AES(SH), AAAFE), 2719W), &
<« = =
"""""" The;gtsa;en(;/e;?ted No | The mentioned technique A(10%), ASE=311H), A=leg(12d), <7 ]Lum'}‘]
production plan, frequently use in domestic 28 wel(16W), HLE3FE 37142 YA7H), Bkt
Yes dE o] &3 3U1AA =438, Y e 5'~747].4
— Yes - _ -
! A9 554 SS9, JHAS AL 0] 19
Application (229), HEANNGZEA AA8Y), 2EAEEE 21
Use possibili assessment N
Nol ¢ P || o i methodologies | 717 AXG0M), $E2 15 Az FHGI), T
There is(are) ;(;s There is(are) certified Wy A A5A9% AA((329), 7] x%a:lx}gj}
T e peries methodology(ies) &2 BACIW, A7 E el MAETH) 5
— o N 24 BUEE A44 2 oijh of - Gl A 741?
Yes 7|eke] BUB S tAlE 5 = dicte] EAeHA] &=
| Aoz el 44 A&dlA Aelekah
Alternatives Application st 24 Ao wWE 177) 7 %&5\_3 A28t &2
assessment assessment - _
Nol|  of monitoring of monitving s 45 99 009 Andd e kel B
There istae) other | 5o | 1L.can be measured, A EOA SA A5 E B gt F8se] 2
—monitoring method(s) simulated e ZAHE 109 @ Integration)9} E} 7]54 ZEy]
| Yes] 2] o= Ao I 1A I
Redundancy | &= AHE 109 @ Exclusion)”} A&t} o]
assessment B} 7147} F8H0] Eio Baw 498 ndeo] &)
Yes — The effect of technique 1_ - =
is(are) related Othecrl 7t FEEE 7ES ¥ 113 Zo] a3kt
< No techni‘que(s)
Table 10. Analysis result of technical factors to select
: \ \ y
: Selection Selection remodeling techniques
Exclusion (Integration) (Individual)
Technical factors O@6|®|6|6® @
Fig. 1 Selection criteria and decision making process 1 Insulation Yes|Yes|Yes|Yes|Yes| Yes |Integration
2 Air tightness Yes|Yes|Yes|Yes|Yes| Yes |Integration
L 2~
hil 1’ A 71zl =l A8l Thed Ve 3 Door and window Yes|Yes|Yes|Yes|Yes| Yes |Integration
rq'(?—l]—?_‘;]' 2 go] 7hsgt 73‘?“011"5 4_As 3 7]'3]‘0% H 4 Shading device Yes|Yes|Yes|Yes|Yes| Yes |Integration
HAH o7 ggo| Ha JEAE Eelslt) 18]l fFAF B 5 Heat gain Yes|No | No [N/AN/A|N/A | Exclusion
HE e fGrlE Edlo] 29 HHE = g 7& ¢ | High e;e&iyngftimency Yes|Yes|Yes|Yes|Yes| Yes |Integration
of that &A7lx = A ARl EA5 A S 7 Renewable energy  |Yes|Yes|Yes|Yes|Yes| Yes [Integration
i—,]' °l :l":} ‘IQF/\]' Ho]"ﬂ%o] —éxﬂé}ﬂ A= 73—?*01]15 E\% E1 8 Natural daylighting |Yes|Yes|No | No [N/A|N/A|Exclusion
go] AAALS Hrlste] AZo) 7R S st 7+ 9 Ventilation Yes|Yes| No | No [N/A/N/A| Exclusion
=gl 8 42EE FEEo] WAEEXE gl & 10 Thg;gilnggi;ige Yes|Yes| No | No [N/A|N/A | Exclusion
%E]Cﬂ %*ﬂé}% 76‘“?*"”?: %‘%)‘é o] 9\}\*‘5 AES %@’ 11|Building greenery system|Yes|Yes|Yes| No [N/A[N/A|Exclusion
3l B3lyes AAStn, 28] L& AL d ok 12| Resource circulation |Yes|Yes|Yes| No [N/A/N/A|Exclusion
T wl y R R -
= 2= 2 A5 E Rez [ =] al AAA W X 13 Improve of heating Yes|Yes|Yes|Yes|Yes| Yes [Integration
S 7|&% AASY. vbd RUE Y H A4 Brto A A system_efficiency
Zo] A && ALo= BUEE W] gioto] 9le=X] 14 mozsstgfnil%g?;dé;lOMg Yes|Yes|Yes|Yes|Yes| Yes [Integration
3lols o Nl Ao s 5 Improve of efficiency of
- ‘lo}i’ o “}o] A OTOﬂ b 715 h Ooﬂ H Xﬂﬂ EE} 15 equipments of heat |Yes|Yes|Yes|Yes|Yes| Yes |Integration
sources and ventilation
Cooling system using .
4.2 2A7IA %ll'g:T% '?’I%._I' E'E% E'clJ 7'% 16 outdoor air Yes|Yes|Yes| No [N/A[N/A | Exclusion
Heat tilati .
41489 XMA7IFE D A AA ZZ A2 wt 377} 17|72 .rec.osx;esrt}én:/en ! a.10n Yes|No |Yes| No [N/AIN/A| Exclusion
7(] 7] Q45 X 103’/]' LO] =X 0} E]—Jjj_ 10°ﬂ L]—E]rkﬂ 18 Ventllaggi?o;ysﬁzgg USINE |y es| No [Yes| No [N/A|N/A | Exclusion
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Heat recovery
19| ventilation system of |Yes|No|Yes|No [N/AN/A|Exclusion
boiler and HVAC

Improve of operational
20| efficiency of equipments |Yes|Yes|Yes|Yes|Yes| Yes |Integration
of heat sources

LED lighting

installation LED lighting

7 Fuel conversion [ Fuel conversion from fossil fuel

71 Adopt of eco-friendly control

method of AHU Yes|Yes|Yes|Yes| Yes| Yes |Integration

22 Wa'ter' recovery Yes| No |Yes| No [N/A|N/A | Exclusion
ventilation system
23 Improve of boiler Yes|Yes|Yes|Yes|Yes| Yes |Integration
efficiency

Adopt of eco-friendly
control method of water
pump for heating and air

conditioning

2

=

Yes|Yes|Yes|Yes|Yes| Yes |Integration

Eco-friendly control of
25| water pump and high |Yes|Yes|Yes|Yes|Yes| Yes |Integration
pressure feed water pump

Eco-friendly control of

26 : - Yes|Yes|Yes|Yes|Yes| Yes |Integration
mechanical equipment

27 High efficiency Yes|Yes|Yes|Yes|Yes| Yes |Integration

B, 719, 35, APPAE Aol vt Belo] 9l

o, golA] A vhsh o] oA Az % LA

A5 45 Aege) Q) MR, AE UL B &
2 138 5 Ao

4.3 AR &l dHnlo| Hm Y FHoip
AR 525 WHES 7 129 o] 167102, o
T 712 AEFT Ao 7hedh Wi Eo|t

transformer
28| Low backflow condenser |Yes|Yes|Yes|Yes|No| No | Exclusion Table 12. Certified methodologies in Ministry of Environment
29 LED lighting Yes|Yes|Yes|Yes|Yes| Yes |Integration
— - - licati
30 Illumlrslstslt(; Irlnscontrol Yes|Yes|Yes|Yes|No| No | Exclusion Spec. Certified methodologies gp[l))lllflatl lﬁlO]ng
31 Partial Lighting Yes|Yes|Yes|Yes|Yes| No | Exclusion 1 Fuel conversion using wood pellet
32| Lighting control system [Yes|Yes|Yes|Yes|Yes| No |Exclusion 2 Fuel conversion using
wood pellet for gardening
33| Power saving system |Yes|Yes|Yes|Yes|Yes| No | Exclusion Fuel conversion for
3 : I .
34| Renewable energy for |y ilveqyes|yes|Yes| Yes|Individual drying machine of grain
power_production Power production through
35 Ren}fg?béiogﬁg{igo}; for Yes|Yes|Yes|Yes|Yes| Yes | Individual 4 renewable energy Possible
36 Fuel f?(?sr;\illerfligil from Yes|Yes|Yes|Yes|Yes| Yes | Individual 5 Renewable energy for gardening
. : Heat production through :
[szte] Change of refrigerant |Yes| No|No|No [N/A|IN/A|Exclusion 6 renewable energy Possible
(D Application assessment 7 Fuel conversion Possible
@ Versatility assessment Eco-friendly control of .
® Use possibility in terms of acts and/or production plan 8 mechanical equipment Possible
@ Application assessment of similar methodologies - - 1 : :
(® Use possibility in terms of similar certified methodology(ies) 9 High efficiency building equipments Possible
(® Application assessment and alternatives assessment of monitoring 10 High efficiency lighting installation Possibl
@ Redundancy assessment in” building ossible
11 High efficiency lighting installation
Table 11. Grouping from related remodeling techniques on road
12 | Bio CNG production and use for vehicle
Spec. Group Related remodeling techniques 13 | Heat production through used wood Possible
GHG reducing | Insulation Bi llecti d f
| Techniques  |'Air tightness 14 | P10 gas co cg_lon ail l“? or sewage
by building -Door and window 15posal plan
insulation -Shading device 15 Bio gas collection and use for
‘High energy efficiency equipment gardening
Techniques -Improve of heating system efficiency 16 New/re-afforestati
) by high efficiency [Improve of Air conditioning system Swirc-attorestation

building efficiency
equipments ‘High efficiency transformer
‘Improve of boiler efficiency
Power production |Renewable energy for power
3 |through renewable| production
energy ‘Renewable energy

Heat production
4 |through renewable |Renewable energy for heat production

energy
‘Improve of operational efficiency of
equipments of heat sources
-Adopt of eco-friendly control method of
AHU
-Adopt of eco-friendly control method of
Eco-friendly water pump for heating and air
5 control conditioning
techniques -Eco-friendly control of water pump and

high pressure feed water pump
-Eco-fiiendly ~ control ~ of  mechanical
equipment

‘Improve of efficiency of equipments
of heat sources and ventilation
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