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Analysis of Potential to Achieve Carbon Neutrality through Technical
Definition and Case Study of Carbon-Neutral Buildings
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Abstract
This study analyzes the potential to achieve carbon neutrality through the technical definition and case studies
of carbon-neutral buildings. In line with the Paris Agreement of December 2015, the global community has
committed to limiting the average temperature rise to below 20C and striving to restrict it to 1.50C above
pre-industrial levels. Achieving this requires reaching a net-zero state by 2050 and necessitates transitions
across various sectors including energy, land use, and transportation. This research explores the technological
approaches and real-world examples of carbon-neutral buildings, assessing their feasibility and limitations. By
examining the definition of carbon-neutral buildings and presenting various technological solutions and case
studies from both domestic and international contexts, this study evaluates the effectiveness and practicality of
carbon-neutral buildings. The findings offer specific guidelines for the design, construction, and operation of
carbon-neutral buildings and provide practical information for policymakers and practitioners aiming to create
sustainable built environments.
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Table 1. Definitions of a Carbon Neutral Building by Organizations

- Renewable
.. , Emissions . Energy Performance
Organization Program Period Combustion ) Energy
Concerned Requirement
Boundary
* Embodied Carbon:
20% reduction
i 0,
Eg::_ﬁgf_d Embodied NB: Not * NB*:20% reduction 16(::;? of
Living Building ' carbon & ) (ASHRAE 90.1-2019 &
A1-A5, . allowed needs
Challenge Operation: Operation EB: Allowed  °F IECC 2021) throush
o b carbon ' - EB**: ASHRAE o B
© 90.1-2019 or 50% on-sie
reduction EUI
International Zero Ener Operation:
Living Future . .gy p " Allenergy uses Notallowed - On-site RE
. Certification 12 month
Institute
* Embodied Carbon:
) 20% reduction
E(r;;l;gg:.d Embodied NB: Not * NB:20% reduction
Zero Carbon ' carbon & ’ (ASHRAE 90.1-2019 On-and
. A1-A5, . allowed X
Certification Operation: Operation EB: Allowed  °F IECC 2021) off-site RE
1‘; e carbon ' « EB: ASHRAE
90.1-2019 or 50%
reduction EUI
Operation
LEED Zero  Operation: carbon, ANSI/ASHRAE/IESNA On-and
USGBC Carbon 12 month occupant Allowed Standard 90.1-2016 off-site RE
transportation
Net Zero Embodied Embodied NB: Not _ On-and
Carbon- Carbon: rbon allowed To Be Determined Off-site RE
Construction A1-A5 carbo EB: Allowed ste
35 kWh/m?/yr for
Net Zero residential,
0 ti NB: Not
Carbon - . peration © 65 kWh/m?/yr for On-and
UKGBC . Operation carbon allowed .
Operational (Scope 1&2) EB: Allowed schools, Off-site RE
Energy p ' 55 kWh/m?/yr for
commercial offices
Net Zero Whole Life Whole life NB: Not . On-and
Carbon - A1-D b allowed To Be Determined Off-site RE
Whole Life carbon EB: Allowed stte
Operation
Carbon—n.eu.tral Operation: carbon of 4 star NABERS Energy On-and
Base Building e, Allowed ) .
. 12 month  building’s core rating or green star Off-site RE
Operations >
services
Climate Active
Carbon-neutral Operation
Whole Operation: ~ carbon of all 4 star NABERS Energy On-and
1 Allowed . i
Building 12 month  energy uses & rating or green star Off-site RE
Operations water

Note: * and ** indicate new building and renovated existing building, respectively

2019 E=IECC 2021014 AA5H= AR 20%S
Azgsfor et 2YIACIA AvlE oA = A

oA £ Q= WAER A0 tiste] Hjo] Akl tiy]
20%E Agoflof 5lv, +YEr4= ASHRAE 90.1-
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Table 2. Best Practices of a Carbon Neutral Building by Organizations
Westwood Hanergy
Building  Cal Guerxo  Hills Nature Lon 6 Pancras Renewable The Forge Workzone
Square East & West
Center Energy Center
LI.VIr.lg Zero Energy  Zero Carbon  LEED Zero Net Zero Carbon
Program Building o i Carbon -neutral Base
Certified Certified Carbon o1 s
Challenge Building Building
. . St. Louis Park, . Perth,
Location Bersca, Spain MN, USA London, UK Beijing, China London, UK Australia
Building Residential  Institutional Office Exhibition Office Office
Type Center
i
Climate Cfa Dfa Cfb Dwa Cfb Csa
Zone
Proi
z?ee:t 275 m? 1,260m?  49400m?®  2,545m®  13,000m® 27,962 m?
Start of 2019 2016 2019
Occupancy (Renovated) 2020 (Renovated) (Existing) 2022 2011
. 107 PV panel 100% off-site
0, -
Re];‘;;’:able 495kWPV 150 kwpy, 100 /"R‘]’;f site BIPV  (100% on-site RE, 99kW PV
& RE) for EV
* Use of * The first ZEC * 16.8% * The building ¢ The firstnet * The NABERS
existing in cold reductionin  exterior uses zerocarbon Energy
materials climate embodied building commercial  rating for
and natural - All-electric carbon from -integrated  building in the building
materials. building baseline photovoltaics UK increased
* Use oflocal e« Operational < 47% EUI design, *25% from 4.5 Star
material data shows  reduction integrating  reductionin to 6 Star
(<5000 km) the building < 27% reuse thin-film embodied ¢ Certified
* Carbon as energy of solar power  carbon Emissions
Remarks footprint 1.8 net positive. components generation (A1-5) Reductions:
kgCOze — -« Energy for the modules into * 44% UN Carbon
offset by modeling interior building reductionin  Offsets
supportinga using future fit-out curtain walls CO; against  Program
renewable weather and roofs Part L, * Roof top PV
energy (7,119 m?) surpassing for EVs
project in the GLA
Brazil target
* NABERS UK

5 Star ratmg

Building
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Fig. 1. Plan of a Target Detached House

Table 3. Building Parameters used in the Simulation

Variables Value
Building Type Detached House
Location Seoul
Floor Area 83.82 m*
Number of Floors 1
Floor/Ceiling Height 3m/23m
External Wall U-value 0.170 W/m?*K
Roof U-value 0.150 W/m?K
Floor U-value 0.170 W/m?*K
Window U-value 0.080 W/m?K
Window SHGC 0.430
Window VT 0.400
Infiltration 1.5 ACH50
Occupancy Density 0.0229 peple/m?
Lighting Density 5.5 W/m?
Power Density 6.4W/m?
Mechanical Ventilation 0.5 ACH

Floor radiant heating

Heati
eating System with boiler
Heati
ea 1ng System 92%

Efficiency

Fuel Type Natural gas
Cooling System Pack.aged te_rr_nmal DX

air-conditioner
cop 35

Heating/Cooling 20°C/27°C

Setpoint Temperature
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Table 4. Energy Break by End Use (Unit: kWh)

Conventional

End-Use All-Electric
Gas Electricity

Heating 657 9 1,867
Cooling - 443 443
DHW 669 - 708
Lighting - 1,001 1,001
Ventilation - 219 249
Appliance - 1,889 1,889
Annual 4,887 6,157

O] ATt FFoNIA] AR 4,925kWho[th Al 2
NuAAEE U571 B7F ol w2t 13414
A28 ALSIAS o, 78.65kWh/myrz
ZFEI QI 2 AE2 A 2o A] Q1571200 F-3tot
£ AES B4 JA| HFUA ALSF T
LA7EAR A AR B2 27%%} 73% S
Z1Z} Yebleh, A odA] 4] 5 AR 2
S A== 7171552 H]S-2 A of e 2| 4xH]
] 39%= LElTh

i AEo] SHARREE ARESH= AER 71
StE te A%t 2T AHA 2R 2 6,157kWh
B Ut ol Wi 24 AR E AR &
o] mHE 88 Aot wekEr

4.2 HAFTES flo MAdouX] 27 24 Zat

Table 5+ Living Building Challenge, LEED Zero
Carbon, UKGBC2] Net Zero Carbon Operational
Energy, Climate Active®] Carbon-neutral Base
Building Operationso]| A AAI5H1 Q&= eFaz
9] 71&4] A ojol w2 L F DA ol A 2] 2471 H
S5 PVAIAROA Aibs|ofof & ofuA] =
7Rt Ao,

Living Building Challenge®} LEED Zero Carbon

2 ARl Ofgt 7|7155t AL BEE H3tsto]

Table 5. The results of Greenhouse Gas Emissions and Required PV System by Certification Programs

Living Building

Net Zero Carbon -  Carbon-neutral

Program LEED Zero Carbon Operational Base Building
. Challenge )
(Organization) (ILFI) (USGBC) Energy Operations
(UKGBC) (Climate Active)
GHG Emission
2,870.0 1,928.4 1,990.0 1,047.9
(kgCOzeq)
Energy to Be Produced
464.9 4,136. 4,268. 2,247.
by PV Systems (kWh) 6,46 136.0 /268.0 2475
Expected Capacity of
9 . 9 2.1
PV Systems (kW) 5 38 3
Area Required (m?) 40~59 26~38 27~39 14~20
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