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Abstract

In order to slow down the climate change caused by the greenhouse effect, the United Nations
adopted the Paris Agreement in 2015, striving to control the global temperature rise to no more than
1.5 celsiosdegrees. In order to achieve this goal, countries around the world have announced net-zero
carbon emission (carbon neutral) actions and promoted net-zero emission legislation in recent years,
including the United States, Japan, South Korea, and the European Union, all of which have set the
goal of net-zero carbon emission by 2050. In 2022, my country's National Development Council also
released the "Taiwan 2050 Net Zero Pathway and Strategy", which specifically announced the
timetable for net zero carbon emissions, and the Ministry of the Interior is responsible for the planning
and promotion of the "Net Zero Building" path, setting the 2050 goal 100% new buildings and more
than 85% buildings are near zero carbon buildings.

According to the report of the International Energy Agency in 2021, the construction sector
accounts for about 38% of global greenhouse gas emissions. From the analysis of the carbon footprint
of the entire life cycle of buildings, the "used carbon emissions" of the energy use of buildings account
for about 28%. , The ‘“contained carbon emissions” of building materials manufacturing,
transportation and construction account for about 10%. The Ministry of the Interior will establish a
dual-track system based on the latest international assessment standards for the full life cycle carbon
footprint of buildings to manage them separately. First, a building energy efficiency rating system
will be established in 2022, which will include "operation carbon emissions" in the assessment. In
2023, it will continue to establish a low-impact The carbon building assessment system incorporates
" Low Embodied-carbon carbon emissions" into the assessment. In the future, the dual-track system
will be used to become a quantitative indicator for my country's buildings sector to reach net zero
goal. It is expected that my country's construction industry will make low-carbon decisions at the
design stage under the dual-track system of carbon emission assessment, which is a concrete and
effective strategy for implementing carbon emission reductions.

This year's plan is based on the "Carbon Emissions Contained" assessment system that the
Ministry of the Interior is preparing to promote. Among them, the principles of low-carbon recycling
building materials and low-carbon construction methods are used to guide manufacturers to carry out
trial operations, and to evaluate the carbon reduction benefits of the prefabrication construction
method for analysis. It is hoped that through During the trial operation process of evaluation and
certification in this case, more reference suggestions for the evaluation system of " Low Embodied-
carbon carbon emissions" are provided.

Keywords : Low Embodied-carbon Building Rating System  Low-carbon Recycled Materials

Certification ~ Low-Carbon Construction Method
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(= ) Direct and indirect carbon emissions in foundation construction € Two case studies of driven
precast and cast-in-situ piles —Wenkai Luo, Malindu Sandanayake, Guomin Zhang
(2018)
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Emission elements considered for analysis in the study.

No Emission element Acronym
1 Embodied emissions from in-situ materials Emi

2 Embodied emissions from pre-cast materials Enp

3 Transportation of in-situ materials Etmi1

4 Transportation of pre-cast materials Ermz

5 Transportation of in-situ material waste Etwi

6 Transportation of pre-cast material waste Erwz

7 Equipment usage for in-situ construction Eeqs

8 Equipment usage for pre-cast construction Egqz
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G AR ER e B TR A SRR S @ fodk (FRF LR B2
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Ei indirect: FoL ETBE IR T BT IR A2 LAY i 2 5 e I B

(1) Mgz § g (Ey ).
Ey = Z(l +up) * Q; * e
Ey: & 1 BHEATIESC0,HHIE (kgCO,)
pp 5 B AR F
Qi: & i BHIHHIEHE (kgs)
eim: B LB IHIBEIEF (kgCO,/kg)

(2) &G MR F Mg (Er):
_EFj*fT*dm*(Wi‘FWT)

E
T 1000

Ep: BB IEHICO, K E

EF;: ¥ jHOEZE R F (kgCO,/MJ)
fr: 228 THIFEEZERF (M]/ton — km)
dp: ZZBEERE (km)

w;: D iHIEE(kg)

wr: 222 THIEE (kg)

(3) kA F MR 3 F WP g (Eg):
E. = EFy * fie * hy
Ee™ 1000
Epg: 28 THIEE (kg)
EFy: 8215 kAIBEIEAF (kgCO,/kL)
fr: HF% (L/hr)
hy: G2 1E (Z/FFFE (hr)
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Characteristics of the case studles used.

Detail Case study A Case study B
Type of pile Cast-in-situ Precast

No of floors 34 32

Depth of water table (m) 33 38

Total foundation plan area (m?) 3481 4483.5

Local environment Urban Urban

Average depth of piles 22&#x202F;m 20.5&#x202F;m
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Material quantities and transportation distances.

Material Material amounts in tonnes Emission factor (kgCO/kg) one-way transportation distances (km)
Case study A Case study B Case study A Case study B

In-situ concrete 140353 — 0.120 40 -

Precast concrete piles - 19104.3 0.210 — 40

Steel 477.20 — 0.367 40 —
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(= ) Comparing carbon emissions of precast and cast-in-situ construction methods — A case

study of high-rise private building, Ya Hong Dong (2015)
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Data sources of life cycle inventory.

Item Data source

Quantity of materials and Estimated from drawings
formwork

Transport distance Estimated using Google map based on the

factory locations

Transport method Questionnaire

Factory location Questionnaire

Material loss and waste Questionnaire
allowance

Recycled content Questionnaire

Energy, water and fuel Questionnaire
consumption

Adoption of construction Questionnaire
equipment

Electricity mix in Hong Kong CLP [29]

Electricity mix in Guangdong SERC [30]
Province

Others Ecoinvent

FACTORY CONSUMPTION OF
ENERGY | WATER | FUEL

QUESTIONNAIRE INTENT: ~ Estimate the Energy, Water, & Fuel consumption for the Production of
Precast Concrete elements — such as wall, column, beam, and slab.

Sample Answer:
E Pther __unless specifically requested Rating /Selection 1 12 ) 3

Utility & Fuel Bills to Estimate Consumption

1. Do the Precast and Ready-mix components of the factory/company share facilities (and thus utiity bills)?
YES / NO / Other Total area of your Factory? (m)

2. Canthe total Energy, Water, and Fuel (electricity, water, natural gas, diesel) consumed in the Factory be
estimated from the Factory’s Electricity Bill, Water Bill & Fuel Bills?
YES / NO / Other

3. Inyour experience, what is an effective Method to estimate the Energy, Water, and Fuel consumption
required to produce Precast Concrete elements in the Factory?

Measurement Method:
To estimate the Energy, Water, Fuel required to
Produce Precast Concrete elements for buildings.

L

Utility and Fuel bills during the Production Period of a project —
factored by the total Volume (m’) of precast concrete in the project. 1 2 3

e

Utility and Fuel bills Monthly Average —
factored by average Production Time for precast wall, column, beam, slab. 1 2 3

C. | Please Suggest:

1 2 3
4. During the production of Project, was your Factory running at full capacity?
YES / NO / Approximate %
5. Canyour Company share copies of utility & fuel bills or Amounts (kWh, Litres) for Project?

YES / NO / Other

Factory Schedule / Project Master Progr:
6. For the factory production of precast elements, is there a Master Program or Factory Schedule for projects.

that would assist in estimating Production Time for various elements?
YES / NO / Other
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Material Loss / Waste Allowance

7. What is the typical percentage of Material Loss / Waste Allowance in factory precast element production?
(provide a range if applicable)

Material Material Loss / Waste Alls Percentage of Precast El
Facade Slab Frame: Column, Beam etc.
Sample: Rebar 3% 7% 2-4%
Concrete % % %
Reinforcing Bars % % %

Waste/ Surplus Material Fate

8. What materials are typically Recycled or re-used for other purposes? What % is Disposed of as Waste?

Waste/Surplus Material from project Fate of Waste/Surplus Material % Waste
(indicate all that apply) to Landfill

Concrete — hardened

e.g. recycled | re-used landfill waste %

recycled: oggregate in new concrete

re-used: filling material in subgrade
Concrete — fresh recycled | re-used landfill waste %
Reinforcing Steel recycled | re-used landfill waste %

Recycled Content

9. What is the typical amount of Recycled Content in the Concrete and Steel used in your Factory? Is this
standard for precast concrete manufacturing in the Asia/Pacific region?

YES / NO / Other
Recycled Content Additives (please indicate all that apply)
Aggregate in concrete % Flyash | Blast furnaceslag | Silica fume
Steel %

Transport of Precast Elements

10. Record of Truck and/or Barge Loads carrying precast elements to the Construction Site is one indicator of fuel
consumption. Can your Company share this type of information for Project?
YES / NO / Other

Factory Visit & Information

11. We would like to plan a Factory Visit to Observe the Process required for Precast Concrete manufacturing;
Does your Company welcome such a factory visit of 2-3 people max.?
YES / NQ / Other

12. Can your Company share Construction Details of typical Precast Moulds and Equipment used in the factory?
YES / NO / Other

Material Sourcing

13. What is the % of materials that can be sourced from local/regional suppliers in Asia? (approx. range)

T¥PICAL MATERIAL SOURCING (please complete to the best of your knowledge)

Material Local / Regional Supplier = Transport Raw Material Origin Transport
SUPPLIER NAME or CITY Method CITY or COUNTRY Method

Example: truc
tropical hardwood Hong Kong ship Indonesia

] rail

[ truck
Concrete Mix [] ship
[] rail

[ truck
Cement ] ship
[] rail

] truck
Aggregate ] ship
] rail

[ truck
Reinforcing Steel LI ship
[ ] rail

[ truck
Structural Steel [] ship
] rail

] truck
Formwaork Steel [] ship
] rail

[ truck
Formwork Timber [] ship
[] rail

[] truck
Tile - [ ship
[] rail
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Precast Facades

Fig. 1. Layout plan of a typical floor of the studied residential project.
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Comparison with previous research on the carbon emissions of buildings.

Item Zhang, Wu [31] Zhang, Shen [27] Ng and Kwok [26] Dong and Ng [18] This study
Building type Office building in Commercial building Public residential Public residential building  Private residential building
university building
Region Beijing Hong Kong Hong Kong Hong Kong Hong Kong
System Material stage Cradle to end of Cradle to grave Cradle to end of Cradle to end of
boundary construction construction construction
kg C022 eq per 561" 409’ 560 637 669
m

" Calculated based on the data from the paper.

(= ) Environmental sustainability of precast and cast-in-situ concrete structures: a case-study

comparison based on built supermarket facilities, Bruno Dal Lago (2021)
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