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Principles of Passive Building
Embodied Carbon

Wentworth Institute Of Technology (WIT)
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Results per Life Cycle Stage, itemized by Division
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ZNE CODE PRECEDENTS

NATIONAL
IECC 2021
ZNE Appendix

NV —IN—Th,
F—F5vFm

ZflTtry €D
=K _

IECC 2030 / ASHRAE 90.1-2031 = Approaching ZNE
AV TZFL=ZTH
Title 24-2019

k Y Fa—yIM
| 545
(near residential ZNE)

= b 8
Zero Code e R
(commercial proposed) » 4 ‘ g7y om

PROTOTYPES
Zero Code

@9 No statewide code or home rule

. Less energy efficient than 90.1-2007

@) IECC 90.1-2007 or equivalent
Between |ECC 90.1-2007and 90.1-2010

) IECC 90.1-2010 or equivalent

@) Between IECC 90.1-2010 and 90.1-2013

@ 1ECC 90.1-2013 or equivalent

@ 1ECC 90.1-2013 or better

7> b DCERIX
Appenas £
(voluntary compliance path)
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Hiigg [X 43-2018 kR
0—8 (ZDFTH1L24)
BIECTHBRSHATEIATHL

All ol Alaska in Zone 7 except for the lollowing Boroughs in Zone & Bethel, Delingham, Fairbanks, N. Star, Mome North Sicge, Nartiwest Arctic, Southeast Faidanks, Wade
Hampian, ard Yikon Koyubuk

TABLE C402.1.3 OPAQUE THERMAL ENVELOPE INSULATION COMPONENT MINIMUM REQUIREMENTS, R-VALUE METHOD® |
S, >
= ~ N N
Hi Z ) o AY CLIMATE | 1 [ 2 [ 3 | 4EXCEPTMARINE | 5ANDMARINE4 | 5

ZONE [ Ailother| GroupR| Allother| GroupR| Allother| GroupR| Allotner| GroupR| Allother| GroupR| Allother| GroupR|

Roofs

== Insulation
Erxb E‘I‘*} /HH 0) 7‘%2 % 1 _g entirely R20ci | R25¢i | R25i | R-25¢ | R25ci | R25¢ | R30ci | R30c | R30Gi | R30ci | R30c | R-30ci

above roof deck

ZIN AN -7 =X N R19+ | R19+ | RA9+ | RA9+ | RA9+ | RA9+ | RA9+ | RA9+ | RA9+ | R19+ | R25+ | R25+
(BT RERICHE D =BFETRWEY) e e [ | :

R1LS | RMLS| RMLS| RAILS| RMLS| RMLS| RALS| RMLS| RAMLS| RALS

Attic and other R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-38 R-49 R-49 R-49
Walls, above grade
Mass? R57cE | R67cc| R67c| R76c | R76c | RS | R95c | Rttdci| Rtdei| R433ci| R133ci| R152ci
vewbuang | Rt [ R [ R [RBe[R13e [ Rae [ RA3e [ R [ R+ [ R+ [ R+ [ R+

R65¢ | R65ci | R65ci | R3¢ | R65ci [ R-13ci R-13ci R-13ci R-13¢i R-13ci R-13ci R-13ci

N ~ AN = Jof -13 + £ bt = )¢ -13 + 13 + 13 + -13 + -13 + &
_/)\/_,I-Z\ }l/ :\»\’ E oh =/L —|—\ S s;v:c: RA3 RA3+ | RA3+ | RA3+ | RA3+ | R13 RA3 RA3 RA3 R13 R13+
/J\I:IX—L .

R-5¢i R-5¢i R-7.5¢i R-7.5¢i R-7.5¢i R-7.5¢i R-7.5¢i R-7.5¢i R-7.5¢ R-7.5¢i R-7.5¢ci
~ > = 13+ 13+ 13+
.I ./_] } [/ '\,\:\ —= = Wood framed R13+ | R+ | RA3+ | RA3+ | R+ | RA3+ | RA3+ [ R13+ | RA3+ Rizl o Ri‘;ﬂ)( RR7‘53C‘ "
h =] E— and R3gcior| R38cior| R38ciorl RIgaior| R3scior| R38dorl R3scior| R3scior| Rasaior| "o 7| "o F Lo
o~ — other R20 R-20 R20 R-20 R-20 R-20 R20 R20 R20 R'J o R-Ci ot R'3 i
R == y % 3.
LA ot L T (
AX A o Walls, below grade \
:::;W'Q'ade NR NR NR NR NR NR R7.501 ’ R750 | R75¢ | R750 | R7.50 | RS0l ‘
s E . — N =0
. 7
K # X = 023 B 028 X777 057 & 17
E a)%nntmﬁl:ﬁ 6 t&ﬁ U,ﬂ_ = . = . . O .
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, LEEDv4 BD+C: Schools (LEEDv4 SC)

p Project Scorecard - Project Name:
Date: 12112020
TN Y 1 N
1]o/0 Process | [5] 315 Materials and Resources
o= Integrative Process il == Storage and Collection of Recyclables
T 7N (Y] v Consinuction and Demolition Waste Management Planning
EEMIOEL 37378 |Location and w0 Mz~ B Jfe-Cycle @2)
N [esx  LEED for Neighborhood Deveiopment Location ® 1 1 fo=  BPDO- Environmental Product Declarations
1 =t Sensitive Land Protection 1 1)1 fess  Building Product Disclosure and Optimization - Sourcing of Raw Materials
2 jow High Pricrity Site 2 1 1 [cs  Building Product Disclosure and Optimization - Matesial Ingredients.
2 o= Surrounding Densily and Diverse Uses (RP@4) 5 2 il tion and Demalition Waste
= Access io Quality Transit RP@1) A Y
o= Bicycle Facillies 1 8 [ 7] 1 |indoor Environmental Quality
1 o Reduced Parking Footprint 1 Y | #wsi Minimum Indoar Air Quality Performance
1 o= Elactric Vehicles 1 Y| == Environmental Tobacco Smoke Control
b o] Y e Minimum Acoustic Performance
7| 1 |Sustainable Sites 2] o= Enhanced Indoor Air Quality Strategies
Y| e Construction Activity Pollution Prevention Reguired 1 o Low-Emitting Materials
Fes Envi Site Recuired et Gt Indoar Air Quality Management Plan
o 1 2 st Indoor Air Quality Assessment
2] et 2 1 o= Thermal Comfort
1 jortt 1 5 A fo= Interior Lighting
2] o 3 3| =  Daylight
g ot 2 1 e~ Quality Views
1 Jorast 1 1 ot Acoustic Performance
1 | 1 ¥ * N
1 jo=s  Joint Use of Facilities 1 4|2/ 0 |innovation
Y 1M 1 o= Innovation: Resonsible Purchasing - Lamps
453 Water 1= | |1 owt Innovation: Economic and GHG Analysis of Mechanical Systems
V] rew Outdoor Water Use Reduction Reguned i o= Innovation: Pilot - Integrative Analysis of Building Materials
| Y} Few Indoor Water Use Reduction Required 1 s Inngvation: TBD
¥ Fes  Building-Level Water Matering Reauired 1 oes Innovation: TBD
1 1 o= Qutdoor Water Use Reduction 2 1 o= LEED Accredited Professional
2]5 o=+ Indoor Water Use Reduction 7 Y 1 N
2 [ost  Cooling Tower Water Use 2 1]2]1] of 4 Credit Names have been
1 o=t Waler Metering 1 x fons  Surounding Density and Diverse Uses (RP@4)
Y M & fe=s  Access fo Quality Transit (RP@1)
19 9 | 3 |Energy and Atmosphere n | 1| e Site Development - Protect or Restore Habitat (RP@2)
LY | fem | C and Reguired 1 josn  Optimize Energy Performance (RP@8)
Y] e Minimum Energy Performance Reguired 1 Jow Energy Production (RP@2)
Y| ses  Building-Level Energy Metering Reqred 1 o= Building Life-Cycle Impact Reduction (RP@2)
¥ Lol gerant Manags Recuirod
5|1 loss  Enhanced Commissioning [ [38] 22 | Possible Po
1] 2 = i * Certified: 40 1o 49 points, Silver: 50 to 59 points, Gold: 60 to 79 pomts, Platinum: 80 1o 110
1 o=t Advanced Energy Metering 1
2| o~ Demand Response :
3 fe  Revgwable Eneray Prosucion RP@2) 3
1 ==n  Enhanced Refrigerant Management 1
2 o=+ Green Power and Carbon Offsets 2
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Image: RODE Arch

Image: Zero Energy Design
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EXTRUDED POLYSTYRENE (XPSL
CLOSED CELL SPRAYFOAM (HFC) &
CLOSED CELL SPRAYFOAM (HFO)‘E

EXPANDED POLYSTYRENE (EPS)§

MINERAL WOOL BATT §
FIBERGLASS BATT &
DENIM BATT|

wooL!
DENSE PACK CELLUEGSE!
CORK|
]
HEMPCRETE
STRAWBALE| @ EMISSIONS
INFLUENCED
LARGELY BY
SOURCE
INGREDIENTS VARY el 2
co, :

x

“Low-Bise Buikdings 21 3 Chimate Change Solution”, Chris Mageood, 2018,

credit: architectfge 2030

Design is Advocacy
“* Design is Activism

5 ﬂ s ‘Materials and Resources 1 |
Y #==  Siorage and Collection of Recyclables Fhmv-c
(7] =~ Constructon and Demaliton Wasle Managsment Pianning
B - ucion (RP hz@@mwwm%ﬁ Fotlios)
1 1 e BPDO Ermmnman!ﬂ Produm Dadamhons
1 1 je==  Building Product Disclosure and Optimization - Sourcing of Raw Materials 2
1 1 les  Building Product Disciosure and Optimization - Material Ingredients 2
2 et Construction and Demoliion Waste Management 2

=i

raw material supply
manufacturing

energy recovery
gy transportation

LR ih

deconstruction construction
waste processing installation process
disposal transportation
transportation
maintenance
@

replacement
refurbishment 16
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197,785
kg

470,718
kg OOueq

Results per Life Cycle Stage, itemized by Division

1599
kg 50,64

24,344
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Design Development
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[ EIE Architect |

100% —
50% 1
0%

-50%

Mass Acidification  Eutrophication Global Warming Ozone Smog Prij

mary Energy None-renewable  Renewable

Potential Potential Potential Depletion Formation Demand Energy Energy
Potential Potential
Life Cycle Stages
[ Manufacturing
I Transportation
Maintenance and Replacement
Option 1 Option 2 End of Life
Net Value (impacts and credits)
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KaleidoScope (7 ZEE)
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CHART TYPE

O Global Warming Potential *
O All Impacts 7

O Life Cycle Stage *

@© Material Breakdown *

Material Breakdown

Fiber Cement

Formed Zinc Panel

Rainscreen
(RS)
Granite -I
Wood | |
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LIFESPAN

@® Initial Carbon (only Module A) 7
O 60 Year (With Module D) *

O 60 Year (No Module D) *

GWP (kgCO,eq/sf)
6 8 10 12 14 16 18
6 8 10 12 14 16 18
GWP (kgCO,eq/sf)

Start Tour Share Link

BIOGENIC CARBON
O With Biogenic Carbon 7
@ No Biogenic Carbon *

LEGEND
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20

Exterior Finish

. Support System

Insulation

Other
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DATABASE
impacts are
captured in an
LCA database

M TALLY™ REPORTS =
are rapidly generated
to address questions
asked during design
and material selection
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Results per Life Cycle Stage

156,402 107,543 3482 17.82 5302 938,553
k kg COpe kg 50 kg Me kg O M
100% g g LU:eq _ g 3Uzeq g Neq g Useq
| : I
0%
3%

hass

Global Warming Acidification
Potential Potential

Eutrophication

Potential

Cco2 Cco2 Co2

e DD DD DD
| T2

emissions

A = b

Cco2

Smog Formation Mon-renewahle
Potential Energy

s co2 Co2 Cco2

D D &

>

;
?é

MK R BR Ba | BY ER B BEE H
RiE  ElR 8 B | B o+ 7| WE A
o Xy i3 4 E
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Results per Division
156,402 44662 3227 4964 #16,857
kg kg Cheq kg Daeg (1]
100% !
50%
86%
46% A4 4% o o
b Mass Global Warming Acidification Eutrophication Smag Formatian MNan-renewable
Patential Patential Patential Patential Energy

arvyY—+F
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Embodied Carbon by Section

20000 15000 10000 5000 O 5000 10000 15000
W Footings & Siabs
g 2 p Foundation Walls
ey BHGATARES | GEET 3
= T T Structural Elements
i Exterior Walls
s 4 o ; Exterior Wall Systems
Results per CS| Divisien, itemized by Material Results per CSI Division, itemized by Material
= Exterior Cladding
e RN e S ey Ocum e W Windows & Doors
| = J =] = Interior Walls
= i
- s =N | riors
= | I} It  Celings
I = oot
2l = Embodied Carbon [kg COe]
| =
| | M= -
u E E
. T P e e e ey ey n
e [ R o =
Global Worming Potential Primary Enerqy Demand
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[*ﬁiﬁ Structural Eng.] SUSTAINABLE
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[ﬁiﬁ Structural Eng.]
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CARBON IMPACTS OF STEEL

BRAPER S [BASICORNGEN FURNACE (80F)

= = VS = =
BEE THEREDIEN T ELECTRIC ARC FURNACE (EAF) BBEIP Eﬁf}ﬁ
IROM ORE
LIMESTONE co, EAF INGREDIENTS:

RECYCLED STEEL (~25%) RECYCLEL) STEEL (~97%)

~50% N
LESS €O, COZEF .J'J:‘. }}ﬁ

EMISSION

J

MOST STEEL MEMBERS ARE RECYCLED
AT THE END OF THE BUILDING'S LIFE

25% B H] 97 % B F| 8
TYPICALLY 25% RECYCLED CONTENT TYPICALLY 97% RECYCLED CONTENT

71% OF GLOBAL STEEL PRODUCTION 29% OF GLOBAL STEEL PRODUCTION

C20ME 2030 IncArchicecture 2030, Afl Rights Resened

Design is Advocacy .
“* Design is Activism Credit: Architecture 2030
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FLOORS SUBTOTAL (kg CO;¢)
+ + INSTRUCTIONS SECTION COMAETEY m
CATEGORY. MATERIAL QUANTITY TS % SELECT \. N 9) kg COe) L C04¢)
1600 00s O 2,464 2464 0
1600 0ox O 22 228 [)
w00 0% O 1888 1,888 0
Standard grade 1600m v O 3824 3824 []
cwain / Purcelan standard grade 1600 1008 O 2595 2,595 []
1600m w08 O 2,102 2,102 0
cARPET
AT UECN [ = | 2,784 2,784 0
1600 1008 O 2,128 2,128 0
160.0m 008 O -41 732 m
VINYL FLOORING
100m 008 O 22712 2272 0
w0o0m w0 O 15% 153 ]
1600 1008 O 998 998 0
mstinte [imdurry Avg U5 & CAJ 1600 1008 O 79 794 0
STONE PLASTIC COMPOSITE FLOORING
Polyester irmestons compote e / Amaiong | BioBased Tie (D87°) /20 160.0 m* 100% o 728 7 0
Embodied Carbon by Section LINOLEUM FLOORING - LIQUID APPLIED
Uosi Icleam faarng  Ouacy Corgos / Uga Lo/ 20w bqwd wor EBEEEDE 26 pr= o
20,000 -15,000 -10,000 5,000 o 5,000 10,000 15,000 .
160.0 m* 1w O 207 694 487
1600m 008 O 206 643 437
AEERR St 600 0 O 587 463
Foundation Walls 1600w 10 O 2 2 465
Strucural Elements 1600w 6% O 02 i 85
u Exterior Walls
i walliai Con Bt / A/ Revesmareos ../ Cos et oo plsks 1s00m w0y O st 1,404 "
xterior Wall Systems ot sr g s g Mt st sy 600w liox O 43 % o
d Exterior Cladding BAMBOO FLOORNG
Windows & Doors 1600m 008 O 1429 1,391 2,820
Interior Walls 100m wes O 1,898 1,815 3n3
Floors
u Ceilings
Roof
Mmbodied! Cistion g C0:e1 S — —— —
Storing Great Good Bocg High
MCI | 288 _ﬂ -
o U ' [ . ] U
-100 0 100 200 300

AY - Fe.l.ﬂ.llw 4755
E %?te*j%{§ P sl us
BIRETE ] v -
o~ oo
Int. Walls 68
Fipors o |
Cedings i}
L 1.5%
e Design is Advocacy o —+l -
fm DESIgn is Activism CARBON INTENSITY (heated wes 00 | NETCARDON EMSSIONS (3g CO,0)
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FLOORS

HARDWOOD FLOORING )

»::nl;u::enumm. CRAFT Artisan Wood Floors / Engeeered / 5/87, SR 160.0 m* 100% D ?,m 2,464 0

Hardwood 8o { maf | Natweal Hasdwood Plasks / 3, 1 ke

e g s s iy 1s00m 0% O 2,238 2,238 0

Hardwend 8ooing / ACtion Floor Systems / 14" / FSC certfied 1600 1w00% O 1,888 1,088 ]
CERAMIC TILE FLOORING

Ceramic the / Croseville | Porceias | Siandand grade 160.0 m* 100% O 3,824 3824 0

Coramic tlie / StorwPesh 1 Foeceiain |/ Porcelan, siangand grade 160.0 m* 100% [m] 2,595 2,595 0

:mm:mn.mutmwmnmmmml 1600m 0% O 2,102 2102 9
CARPET

Carpet | ECT datsbese / 150 sample conservitve everage JUS & CA| 160.0 m* 100% (m] 2,784 2784 0

Carpet | ECT dutebive / 150 ssmpie wverage [US & CAJ 160.0m 100% O 2,128 2128 0

Carpet / Inerfuce / COUEST Biok / 1.5 mm Modular tle carpet 1600m 008 0O -41 732 m
VINYL FLOORING

vinyl Boering / At / At Lavencia Click / 1600 0% O 2,272 2,27m2 ]

Wiyl Soering / Altro / Aliro Lavencis Pius / w00 1008 O 1,536 1,536 0

Vimyl floering | Gerflor / Crestien 70 CLIC / 100m 1008 O 998 998 0

Vinyl fsarie | Resilient Floar Covering invtitute [leduatry Avg | U5 & CAJ 1s00m 0% O 794 794 0
STONE PLASTIC COMPOSITE FLOORING .

b V!

:«Mm!vlwamenwn:mm:kal-mhawl yan 160.0 n® 100% D 728 728 0
LINOLEUM FLOORING - LIQUID APPLIED

::;.mmvr flaoreg / Durscry! Corques / Ligud L | 2.0 mm hgued 160.0 m* 100% D 265 37 mn
LINOLEUM FLOORING - 2.5 MM SHEET

Lincheun flooeing / Armatrong / Sheet style /2.5 sm sheet siyle imolesm 1600 100% O 207 694 487

Uncheum flooring / Forbo | Marmalesm / 2.5 mm it style Inoisum 1s00m 1008 0O 206 643 437

Uimsleum flooring / 2.5 me [BEAM Avgl 160.0 m* 100% [m] 124 587 463

Uincheumn flooring / Forbe / Marmalesm Sirato / 2.5 mm sheet style Inoleumn 160.0 m* 100% o -43 422 465
LINOLEUM FLOORING - 4.0 MM SHEET

Unaheym flooring / Geeflor # OLW Lingleum / 4 0 mm sheet style lnglesm 160.0 m* 100% (m] 92 467 559
CORK FLOORING

(Cork Boering / Amorirn / Revessmentos S A [ Cork Bogting floor stasks 100m wox O 654 1,494 B840

Cark Resil 3

m'::;iqdw s lient Flooring Manufattursts’ kxstitute [Industry 160.0 = 100% U 438 124 561

?:f:;emaimnno&unn MOS0 / Bambeo Elte, Persbismboo / 1 5mm 160.0 m* 100% U 1,429 1,391 2,820

:;d;:ﬂ«::lnnnw!umﬁ f Bamboo Elte, Purebamboo 7 13mm (VT7) 160.0 m* 100% D 1,898 1,015 3n3

G Design is Advocacy
Design is Activism

MATERIAL CARBON EMISSIONS BY SECTION
7,263 kg GO0

0 kO

NET TOTAL 25,630 kgCOe |0 MCE (kg CO,e)

MATERIAL CARBON RESULT'

TaY s ko
=R HHE

MCI (Conditioned)

MCE
peeemem [ 25,630 | kacos | [ 172 kg co,em:]

MCI by Area Type LU Imperial Storing Great Good Avg  High
TotalAres| 1724 | 353 | -
Condi Area | 1724 35.3
gooum  BOOMR <100 0 10 200 300s

MCE' Material Carbon Eminsions (mef total)
MCt Marevial Carbon fatensty (MCE per unit srea)

i)
CNeg BPM BAM MCM HCM
BICA Reporting Conventions

R—=—XF—X:

WELT—X

cHen
o8x 130

27 7T, EBESEPS. XPS
BESI X ZILT—IL
BiR>70—AY 5R774/3—

277 ., EBESEAEA T AWt (foamGLASS)
BEst)n—X
EBR>70—A4Y 7327741 —

¢, Design is Advocacy H—R vHEHR S 25,630kgC02999,581 kgCOze

“* Design is Activism
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YN

Schematic Design

_E

BERE

THRLE—FE e

o, Design is Advocacy
" Design is Activism

| —o—oomlj _0-0-0 1
LCA \ﬁf

%ﬁ@nxn

Construction Documents

IRILF—5TH
LCA/\tﬁ

KPR H

T=M % T

Construction

Project Procurement

LCAD T

SEopE T BRIFLE—HEEE

33

T + &I
NEC3

Ready Mixes: sto..-30

=
Ready Mrm ERD -30

RebarSteel; 60 k...-30

Structura%:...m

mRl -7 — R,

IFoundatons

S!abs

== Basement Construction

——E OIS
A

Slab & Beams
b

-simm-FramingLumber; 2019-10-34

vy =
Ready Mixes: sto...-30

F 4
W

-=mm-RebarSteel: US; ...-30

.StructuralSteel:...—Dﬂ

ishear Walls

ECDlumns

-Framinglumber; 2019-11-04=E Misc Elements

o, Design is Advocacy
" Design is Activism

General Contractor + CA

BHDEPDE A —H—HIRHTE S

Co ; ..-:.’_;,
Foundations 22%

Achievable EC

Target

Ce nerete Horizontal

" Wood Horizontal

Steel Horizontal

MNet Zero
Embodied
Carbon

Concrete Vertical

‘-‘Steel Vertical

-mmlm-\Wood Vertical
-EEE-Stee| Other

EPD:IRIZ 7 N L
REFHBEONMEE
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ERRICEMABAT DX —H—DEPDE DH WO
OX b, REHHEE (EPD) — EFRETHEFAE

STUD <O Sayo Okada PROFESSIONAL USER Measurement Units:  USA

» INDUSTRY EPDS

PRODUCT EPDS ‘ Q, Type tosearch ... ‘

‘ Manufacturer ‘Tl ‘ Plant or Plant.x |Ti ‘J Product ‘Ti I | = Compressiv.
Subcategory .  Description ‘Tl -
o ‘ wl

W W

L | —
I

ReadyMix CEMEX Oakland 1422640 4CR3000@56C... 3000 psi 168 kgCO2e  Details | open]
ReadyMix CEMEX Oakland 1412727 4P 470 CHF25%... 3000 psi 193 kgCO2ze  Decails | open|
ReadyMix CEMEX Oakland 1412726 4P 470 C+F15%... 3000 psi 214kgCO2e  Details | open|
ReadyMix CEMEX Oakland 1412721 4P 470 CWR 3000 psi 245 kgCO2e  Decails|
ReadyMix CEMEX Oakland 1412543 4CR 470 C+F15%... 3000 psi 229kgCO2e  Details | open|
ReadyMix CEMEX Oakland 1622726 A4P 517 C+$35%... 3000 psi 206 kgCO2e  Details | open|
ReadyMix CEMEX Oakland 1610817 4CRC452C+$30.. 3000 psi 201 kgCo2e  Details | open]
ReadyMix CEMEX Oakland 1625436 4P517F20%S3... 3000 psi 170 kgCO2e  Details | Open|
ReadyMix CEMEX Oakland 1622430 4PA470C+535% ... 3000 psi 191 kgCO2e  Decails | open|
ReadyMix CEMEX Oakland 1618861 3P517C+530%... 3000 psi 216 kgCO2e  Details | open|
ReadyMix CEMEX Oakland 1624702 2PG .55WC C+53... 3000 psi 229 kgCO2e  Details | open|
ReadyMix CEMEX Oakland 1610843 4CRATOF20%S... | 3000 psi 165 kgcOze  Decails | open]
ReadyMix CEMEX Oakland Mix 1565148 * O... A4CR517F25%5... 3000 psi 211 kgcO2e  Details | open
ReadyMix CEMEX Antioch 1624411 CT4VR505C+S3.. 3000 psi 205 kgCO2e  Details | open]
m —
s, Design is Advocacy EPDﬁfiﬁ 7 ’\”E/
"= Design is Activi REHHEE DN
Design is Activism == A OMNES

Details

=M

TYRT 4 Rh—Rrotry —iL
Embodied Carbon Tools:

. |
emc- B Beacon
ZGF Concrete

Kaleidoscope G Calculator
CA

Clic
CARE #BHOM.

BEAM

[FYN——— m—

climatepositive”

o, Design is Advocacy
" Design is Activism

MECS3
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BIXHDELHH KX b rHhDEM)
ﬁﬁ@@%@ﬁmt—xymmé

e et
e S : ei:"" >
2 e w o
”
ol N v =
)" ~ o fym -
% PR B o
" A, T
CAMBRIDCE b . day Eas¥h

e P TN 2019%F  3,250m20 b T DEEEY) I AL
L 2022%F 1,860m2l E DEIRDEIEY) ICERF
TR ke o BELAVIBEIE—H150 N LA 5300 FILOEE

v L BEIRAI EICERAN (20305 ~)
RO VR 20308 & Y COMBFHIMMILLE ORI 1A BT S

= B
e o ye

Y - 4y s BIFRUEEfRE

Image:City of Boston

BIXHELEH KR iS5G
BEOENMDOH—FR U HHE

2004F % T

E51FE

ITXILF—ERAE : 340kwh/m2
FE~PRMETE © 20810m2

Alternative Compliance Payment (ACP) Summary*

wl  2031£E12250,000 KL D ~F LT 4 (3300055 )

I~ $250,000

I 5200,000

es above threshold (kgCO2e/sf/yr)

3.00-] &
- $150.000 [a
E
2004 - 5100.000
1.00 4 - 350,000
e Design is ;dvog %E%OJDLL oo am
L ”_] ?Q iFEF‘ =3 1] Year
Image:AKF & City of Boston
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AIXDECET —a—I—7HDEH
BEOEY DN — R HEHER T

e hL— R

- [ EYATEGCEDNTE T e

e HITHEANS DL 28
L%B;%ﬁ%ﬁbf&@bf%bb
FOILYy R EHBIRICLYEHICEML T
WBEREN, RFILT 4 —DOXIWEEETDE
NTZ 3

Bullding B installs
ENergy consanalion measune ' l n
b

Building Energy

$5$ N
1N

75

2018 RATING.

Efficiency Rating : : : ’
|11
1

we
c/54

i
el

allowances

'n

I-I Bullding A achieves LLBT compliance

'

: A 2B

o, Design is Advocacy

o U FONERR

Image:AKF & City of Boston

BulLDING sTe & PRoyec use o AR O T F L ¥ — & 50% ML 1-BF R — KU DT (15%)

Click in the white cells to seect from 3 dropown mens or enter

information about your building site and planned prject use fype Billd Now

DoNothingto ot
Existing Building Exdstng

I
Primary Use Type  Education . .
Bxisting Building Fioor Area 18,000 sf F D Eﬁﬁ Egj_: jj _ 7J—\ \/

Operational Timeline  15years
ey climote dotes: 2030 & 2040

Replacement Building

State  Massachuserts

DpCode 25

Tons (0

ABOUT THE EXISTING BUILDING RETROFIT

Click in the white celis to sslect from adropdown menu or enter informaton about

retmofiming the edsting bullding Embodied emissions and operational eney values
associated with sach sebection will autsmatically populate to the right 2

Ratrofit Bullding Floor Area 18,000 st

e — jama B e[S #

7T
yasl
Mechanical & Bectrical | All New - e
s = 3 =
Envelope Major Upgrade w/ Curtain Wall ] Cumulative Emissions Over Time
—DoNothing to Existing Building — Retrofit Exiting Bullding —Buiid New Replace men t Bulldn
EMBODIED PERFORMANCE: CORE & SHELL RENOVATION kgm2 . 8 . 8 " B
Interior | All New: 0% Retained =
Cladding | Minor - Punched openings: new Wine = é
Structure | Minor: Heavy Structure, concrete /s ™ E 2
[
et ansesied mesions 7oz ¢ JE
OPERATIONAL PERFORMANCE by
Baseline EUI  Defoults fo CRECS 2003 ar erter own EUI "=

Performance Target | 0% Better than Baselin

iotsl operational emissions / m2 h ’ s
e

ABOUT THE NEW BUILDING

Click in the white cells to select from a dropdown menu or enter information about Vears
bullding a new bullding Embodied emissions and openional energy val ues

associated with each selection will automaticaily populate to the ight

EmMso0ID opeRATIONAL ToraL
New Bullding Floor Area 18,000 sf EMISSIONS. EMISSIONS EMISSIONS
EMBODIED PERFORMANCE Agm2
e Total £ Add  Tetal Tons co2e
Bullding Type & Structure | Mid Rise 500 Toas Bewrst To 15 years
ol embodied emissions [N Diveiing e 2 i 17 e
Retrofit Existing = w "
OPERATIONAL PERFORMANCE Kiuistyr Build New Replacement e " 52 e m 1,008

Baseline BUI | Defouts o Cock Avercge, o enterown 61~ © @@

Performance Target | 80% Better than Baseline

e i ERMTY -V BE ZOEE BB ?

o, Design is Advocacy

- o - . - - 42
“* Design is Activism
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DEXTALL WINS
APPROVED-SUPPLIER 2
DESIGNATION IN $30-MILLIONE «
NYSERDA RETROFIT D
INITIATIVE

Design is Advocacy
“* Design is Activism
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EMOBIRA=TYET 1« Fh—FREIBICER

BRI

Design is Advocacy
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44

22




3. FPIDE)Z

Global Carbon Budget
340-400 GT CO,=67% chance or better of meeting 1.5°C Targets

: 509%-65% REDUCTION | i ZERO BY 2040
50 i BY 2030
g
4 H
& p—
L |
29 W 340 GT
TR |
P :
35 [ 400 GT
S8 600 GT
g ——
ie
Zz
Z
N
2020 2025 2030 2035 2040 2045 2050

© Architecture 2030. All Rights Reserved.
Data Sources: UN IPCC ARG

AR OFGIERICE L TOSEFRY > —fl
Netherlands Building Decree 2012

City of Vancouver (B.C.) Green Building Rezoning Requirements
New London Plan

Copenhagen Bzeredygtighedsklassen (“The Sustainability Class”)

O Design is hdvocaw Assessment System for Sustainable Building (BNB) National LCA requirement for German federal buildings
45
Design is Activism

i National Policy i State or Provincial Policy ; Local Policy

Google m

O Design is Advocacy c LF Ceadorship i

Forum

Design is Activism
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{LERRE

2. N74—=2vR (9th. FHEIZT)

=

3. FHICTHEFEOBHA+EL—FRHTORIE%HE
(REXE, HEBORE, & - BE - 1=y FEENS)
2. BHMoBINRteTTHI>BENEE BIRAM~<—T v b

3

REUSE
products and materials

Later & less impact

REDUCE & REPLACE
materials and structures

REFURBISH existing assets

@CNCA from City Policy Framework for
Dramatically Reducing Embodied Carbon

Earlier & more impact

o, Design is Advocacy

= i : e a7
“* Design is Activism

RR P YD2023FMPTHFLRIVTCARINE TH A S5 X4

@d\l\l;‘f%ﬁmwz (&R E)
HE—TFULOBYMF-IZAHOBYOREZDERZ LAY T 7 X—IFTEO NI BIED

LM (Eligible Material) DEPDDIRHE & LCADHTDIZHE A WAE, EPD & LCAIXISO14025 : 2006

Blof-bDET 3,

Eligible Material : &8k, 8. EXAY b, a2 U— ., WEH, HF5R

INOLDEMOIYRT 4 FA—RVEOREEZEDDIFEL, AFTEICZTOEAEMEIFRE

AN, TIFon2AMICEEEINDZEET D,

OFRR b vmghl IS7x—2YR i, FHEE)

LEEDEREFIZ T — L F L NJL, LCAL KR — FEHEFE

H—RY DERD SEYBANARCED — R EFHCEEAERDIRE,
HEERETE

ORRbrmEp: (FFE+17Fr—2VR)

AV U—bPIyIRDTVRTA FH—FE») Ty FERE,
LEEDFRAE Z IRIBE BRI L TSR TH 5383

VRATLTHY ., BEZHERIEHH B O TRIEUS %

—EDY A ZDEYL EIZHEE T 5, LEEDFRELIZ IZLCADHT. EPDDIREAE EF N5,

o, Design is Advocacy

- o . - . - 48
“* Design is Activism
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7 XU ATOH (I - HHEASEICLTWBERY ¥ —)

HhF+& N> —/N—m  (Climate Emergency Action Plan)
B—Ekg
2017 £TO7AY 7 FTIVRT 4 KB —R > (kgCO2e/m?) THi s
LEEDDHA K54 > & R DWBLCA (Whole Building LCA) THHH T %,
P
20224 10—20% DI VRT 4 KA—R IR
(BEYRA®, YA XIZKYR—=RXS5M4UFH)
1—6FfEET (REBETREREY) >20%H
7HEET (RETHEEY >10%iF

o, Design is Advocacy
" Design is Activism

mlm«lmmmm -IIS
FOUNDTABLE

s 038 i -

EARBUMLERERSHIY FOALE {GLF} EDSTOR: HORE SIWEET
HOBE — EMECOIER GAREAN I THE RESINENTISL SERTOR

wum«l FORUEL(GLF} BUTOA:
WITIMM\WWED—MNI“MW
'GRREN GO4LS R0 THE PUBLIE B PROGESS

Prr——

Wmlﬂﬂlmmm EXPLORHR
EBDRIED ESFE0H REQNETIRN RFFDRTIMITIER [N

'COMFIERCIAL 340 EUCTEARILY PROJEETS

e ez
BAREUN LEDERSHIP FORUE [ELF) BOSTUR: HIGHLY
GARTRALLED SPAGES—EHEODIED GAREUR B SRIEARE,
TEGHAHE HEATHGARE

P,

mwﬂmrmmm EVBODIED
GARBON 1B ERITRS

o asop -0

CARBONLEAGERSHIP FORUE {61F) BUSTOH: CARBONMI
THELSNDSEAPE

pr—

mmmmmmﬂ
RENBGRTIONPRESERATION

mnm e s s

seos agene

ZMIIII DV 2001 i EFIBDIAER CARBOH IPACTS A0
IQFFORTUAITIES FUBLIG HEETINE:

P

mmnmnmmmmmm EIHDHTRG
ROUNDTAELE

Peznsp s S0

LI LR R BSOS L*j‘ A—h—+E% -|-%

e sy~ (7 7AT YR+
e e ELE + REEE
A2 T HF oty T YA TNEE TR D DR

o, Design is Advocacy
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Mai Kakikawa
10t July 2023

ARUP

AHDOHNE

B KM TIERHDILN DB =T A 7 J1—R 5

==

— ETeIEREE O
— IRV T A T I —IREFM D 7k

B R—VTA 77— OEIEIZHRIT T
— whbesd & ArupD He V) fH 7~
— R—IVT A T II—R DN
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RN CIEFH DR 5
R—ILT A T J—R 2

dbu B

3N

BESFOCO2HHE BKEBR

o RO X —FHME D
CO2EHED H B HEEHEH K
DOHEHEIT37% % 58 5,

o SURZAENICEET B B HE AP
FHEHK (UNFCC) I3 E5E Y
OEHEZEDTWND

2030 (HrEE)
- Operational carbon = »» K€ 1
- Embodied carbon 40%H!| 7

2050 CHT4E - BEAT)
- Whole life carbon®t v F ¥ n

Other Residential (direct)

8% 6%

1 J Residential (indirect)

Transport 11
22% -

[+)
37%
Other industry
30%-—-= Non-residential
(indirect)

8%

Buildings construction
construction industry - concrete,
industry aluminium and steel

6% 6%

Estimated emissions
for bricks and glass

~3%

Non-residential
(direct)
3%
N

Other building and

2022 Global Status Report for Buildings and Construction,
UNEP L Y #¥

Ere]

()

ARUP

=

o BB i s

$ 8 0 0 5 .9 06 8 0 8 ,
L ]

2030 e
100% of new buildings L]
must be net-zero carbon
in operation, and embodied
carbon must be reduced 444
by atleast 40% -
88 : -
[ ®
o 8 8 8 @ 8 0 e *
e
L 2050
® (T Allnew and existing assets
must be net-zero across
L4 E the whole life cycle
® i

S o8 8 9 8 8 8 8 8 0 88

Climate Action Pathway Human Settlement, UN & ¥ {Fji{
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= | =gl == N
PN
BESHOCO2HHHE BRLEE [
© 20504F 0 HEEERICR L, M
IRFAL OB TN TN D,
e Covid-19D /X7 v 7|2 X
0 —EERC A TR Lz zeo-carbon I -
N, 20210 F LHITRIEIZ Global Buildings Sargel - y
i’%'j][l Climate Tracker 16 L
BB E O - ; e
- & pat‘\dem\c
° ﬁﬁﬁ@fcﬁ)\ l:l :[:% L:{iiﬁl/ \/:l\?& %_) 80 - 10 - "’,0‘9“)\1““9‘
IR 258 < A, . 58

4.8

Al = ; [+165 %]
“\ o »
»
0 0
2015 2050 2015 2016 2017 2018 2019 2020 2021
=@~ BCT Index = = = Direct reference path to goal [£%] Per cent change compared

to the previous year
2022 Global Status Report for Buildings and Construction, UNEP . ¥

5
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HET VA FE O B
EUS 2/ S—#8 SHTRLEFEDOLS ONEER

o FRtTREARTEEI 2 ERT e ommER

BRI R, AT I X0 IR B - A2 OFTREE £ <
o OOBEAEOS LR [ 8
- i co —o- < A
H1OICRESEHBRL, o5 |\‘\."2 -0— G ‘. g
OB H I EEE R 52 ® — X \
1911 [EEBOEM |1 &K ~DEG i AA BEE] 3 e
fcﬁ}j\ (Do NO‘\Slgnlﬁcant Harm S TREDOWS  WRIUEND A BAIBONE FROTHLER LHSHL LR
HLUE) = L sEEf,

EX g% RIFE 4L (Do No Significant Harm)
e R7aTA = o
o KUEEBOEI~DOHEEE B

(R AR 5/NE AT + il memonanmm
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Lo kA BE D i

EUS YV / 2—1HAl BESH

o RFLEF ORRFIEEN 3505,

© DT BETRITET S ER
N5,

.« HEEOHBICKH L, AT
A 7 I 7R Rl O F 3%
TR TWD 2 FE IR,

A

BYMORSE - FE

1.EPC (BT x Iiﬁbu¥1ﬂﬁ)TA7 7
REHM, FoiE BT RMURENEE

BFEA LY DER15% N,
(202012831 LA T)

2. HREMEOESE BT
(2020412331 H LU R**I)

3. AFILIEEEDHE, T

—EDE=2Y 7 - A
S YUBSENISERINTWS

A

I:

Y DR

1L —RIFILF—
Nealy ZEBEAE L 1) £10% /N &
(A

2.5,000m2 Eoi5E, BTk

DM, BEVED SR DX,

BIFRICREEEH,NThNTH
125 E IS ILRBRTE,

HEENEED

ARUP

N

BEEYOLE

FEOREICET 5 22T
ER

F7olE. TERTICEENB0%U E—
RITFNF—HEEZH,

TU e e

3.5,000m2LL L Di5E, HER
SHBEODERICISLT, 47

Lz YA 7L TORIORERE %
HE -fRTHIE,
HET e VL FEE DO
R"—=IS A 7 h—REMIZET % EHEDHE
e CO2EHiE -

E3] SE S0 P X REY paE 3 ki)
. 201345~ 20184E~ 100m28L O FHET . [EE lﬁgiﬁﬁlﬁfﬁmo
o . AV —F 20224E~ 20274~ 100m2LLk o4 To Mg FrEEEE D Embodied carbon
= ==
I I 7T A 20224E~ 20224F~ EE, EFPr. HEME | Whole life carbon
N . Fow—7 20238~ 20238~ ETOH®E Whole life carbon
B =
+ T4 TR 20254~ 20254~ LTCOR®E Whole life carbon

N\ [ R b2
N\ LA 2 Ky (UK) 20214E~ L %ﬁ%lﬁf?i’(@ Embodied carbon
2N M G L 5)
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K=V T A 7 H—R RO I iE

Fr## European Norm (EN)

o HESE - LR REE T AT
PRI SN TS,

BE - LAROFHEATREETE
RIE #Ha B

o R TA T I —R R,

EN 15643
Sustainability of Construction Works
— Framework for Assessment of buildings and Civil Engineering Works

EN 15978
Assessment of
Environmental

E EN 16309
H Assessment of Social
i Performance of buildings

EN 16627
Assessment of Economic
Performance of buildings

Performance of buildings B

BRE IR ORI T AERE % ) 5 o i
HHRATEST HILD,

BE

B - MR

EN 15804

Environmental Product H
Declarations - Core rules B
or the product category

of construction products

BEDF—NFTA 7 Hh—FRF

ARUP

W=V T A T T — R FH O TT ik

R"—=ILS A 2h—RUBMIZHEITE54 71 ILDO#EE (EN15978)

BUILDING ASSESSMENT INFORMATION

BUILDING LIFE CYCLE INFORMATION

SUPPLEMENTARY
INFORMATION BEYOND THE
BUILDING LIFE CYCLE

1
1
[}
[}
1
PRODUCT CONSTRUCTION USE END OF LIFE : Benefits and loads beyond
stage PROCESS stage stage 1 the system boundary
stage :
A1 A2 A3 A4 A5 B1 B2 B3 B4 B5 C1 C2 C3 C4 1 D
[}
> 0 !
[o% 173 -— c g [
a =) o} - = S £
§ S £ © .§ ] § = 5 2 BS|| & 3 = | Reuse
o] =] o) 5 g T = £ £ S = o Q 3
s a 5 a |8 © o © o < EE o S 3 [ Recovery
5 @ ® 2] c S 1] [ Q o 2 @ O 2 =4 o 1 :
g = £ = E S =) 2 e 3 2 S E S a @ . Recycling
€ = S = ||leg= T 53 < o8l F 2 o 1 potential
- s (&] % = 04 4 8 g 1
© 1
& = 1
[}
1
B6 Operational energy use :
1
B7 Operational water use :
1

EN15978 ¥ ik
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R—ILT A 7 51 —REH_ O JTiE
HR—ILSAT7HhH—ROOROFH

o« TATHIAINOERET LI
UF U AEBEL, CO2HEH
EORMEEZRD S,

o FHMEDO R A X VT
CC, Y7, KE 2%
i’ﬁ—éo

=N
BREiCHERShZEM, 7neR

EYIER

¥ F U+
S ifE O BFIAH:
mE

X X X X

ARUP

REAT
BUKEHT-Y OREEH

GWP,;
GWP,;
GWP;,
GWP,

ERREiDBRIES

et
GWP;

1

i i=A1~C4,D

EPD
—fF—FR—2
HRER

EN15978 £ ¥ {FRk

™=V T A T T — R FH O TT ik

BHMDCO2[R AL

|cLIMALIT 4-16-4

ARUP

o JFHMNOHNE, B EE
BILICERRS

- ERECEH 5 A8 OEPD
- ENEHT LT —HRX—R

o WTILHEN 15804 (HEpF D
EPDEE/L—/L) ~DUERL)

Parameters

Ciimate Change kg CO2 eq.)

Climate Change (fossil) (kg CO2 eq.]

Climate Change (biogenic) kg CO2 eq.]

Climate Change {land use change) [kg
COZeq]

Kb,

|Declaration of the main product

and/or materials

Ozona dapletion (kg CFC-11 eq.]

Acidification terrestrial and freshwater

@QaAAQC2QAa aaa

- [Mole of H+ eq.]
s Eutrophication freshwater (kg P eq,]
P —
L ) 5 Eutrophication marine (kg N eq.]
ousras — T
Sutfsent Eutrophication terrestrial [Mole of N eq.]
Components Weight (in %) mments
o p “CAS number 65967173, Pholochemical ozone formation - human
EINECS number 266-046-0 health (kg NMVOC eq.]
Butyl sealant 01%
Sealant (polyurethane or
Fommlel i oo 1% Polymer Resource - P
Spacer bar (aluminium or Lol
plastic composite, called 1% Aricle
warm-edge) _
Desiccant 1% CAS number 1318-02-1 Resource use, energy cariers [MJ]
P 0a% Denydratod ai. argon, kypion o
PVB interlayer (if one 0.38) 02% el e Water scarcity [m? werld equiv.]

EINECS number 272-808-3

314E401

3.00E+01

4T1ED)

170602

2,56E-07

153601

7.TE05

457602

437601

947602

787606

43302

3158400

700501 0 o 95ER2 0 0 0 0 (] 0 S500E02 0 287EM D
B9sE01 0 o BosE2 0 0 o0 0 ] 0 4gE02 0 3mEM 0

0 0 o o ¢ o o o o 0 o [ 0 o
569503 0 o T2ERZ 0 0 0 0 o 0 A07EGS 0 BMEM D
BASENT 0 0 43608 0 0 0 0 (] 0 BOMEAB 0 118845 O
28903 O o 499E04 O 0 0 [} (] 0 21304 0 228808 O
214808 0 o 3205 0 0 0 0 (] 0 1BE07T 0 83EL? 0
140503 O o 53 o0 0 0 [} (] 0 100E0E 0 SMEM D
156802 0 o 13E03 0 0 0 0 (] 0 1ME3 0 BB O
a7rE0s 0 ] 32604 0 0 0 0 0 0 269E04 0 LMEE3 O
50408 0 o 256606 0 0 0 0 o o 3g0E06 0 amEss 0
e Ko o 130 0 0 [} ] 0 BBIENT 0 408E:00 D
520503 0 0 s2Em 0 a0 0 ] 0 44e06 0 32E0z 0

Environmental Product Declaration, Double Glazing CLIMALIT® J: ¥ ik
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o ARUP
K=V T A 7 H—R RO I iE

HHELCEROCO2HHEBOHE
RO —T v U — L winoous
EEDIEHETR TR A D Embodied carbon in building services: CLADDING
Embodied carbon% ﬁjﬁ‘¥£ % 2 i How to calculate the embodied
é j’l,"(‘ vy é ° carbon of facades: A methodology
RO LIF 71Tl ﬁ. |
ik, T, AR5 &2 B L "
VC % 'f?ﬁ‘ 5 ° y/ /L’o“smucnom
h 5 I
== & Ao
£ G &

et 2021

R—ILT A 7 J1—7R ORI mT T
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#wbcsd

The Building
System Carbon
Framework

A common language for the building
and construction value chain

Net-zero buildings
Where do we stand?

#wbcsd

ARUP

#wbcsd

Net-zero buildings
Halving construction
emissions today

ARUP

wbesd & Arup D B V) HH A

19954E 123 JE L72200% 2. 5
EDOCEON FiET 5 7 m—
S)NVaAI 2 =T A,

Frloe rTRE 70t D SEBLIZ Al
TR OEE R+ Z L& H
HET 5,

TRAX— Bk, HRBRE.,
EIRZER], BV T o, fEER
NS R S e ) A A AT
BElcxt L, EYoxAY Y 2—
Varaiitd s,

wbesd (FFERBELBARD-HDHRABEFASE) LT

Membership by sector
|

@ chemicals 13%

@ Automobiles &Parts 9%

{ ) Support Services 9%

) Food Producers 9%

@ Construction & Materials

6%

‘ General Industrials 6%

Membership by region

ARUP

@ 0il&Gas5% @ Personal Goods 3%
. Electricity 5% Pharmaceuticals &
Biotechnology 3%
. Forestry & Paper 5%
@ Other27%

@ ©

Europe North America Asia
Japan Latin America Middle East
Africa Australasia

https://www.wbcsd.org/Overview/Our-members
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The Building System FrameworkD g%

o BEDKR—INTATH—IR
LCE'@?_%)/*‘) a—F =z — %
KOIBEEFEE L TRE

#Hwbcsd

The Building
System Carbon
Framework

A common language for the building
and construction value chain

BUILDING
SYSTEM

AT
"ANUFRCTURING -

@  buiding value chain <
@  toruencer value chain

Segments of the system

“The Building System Carbon framework — A common language for the building and construction value chain’, whbesd 1 7 #5171
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ARUP
wbesd & Arup D B V) HH A

The Building System FrameworkD12 3

* ’The Building System Carbon
Framework’ ™ H 1] :

— W\ EDOERS TCO2H HE BUILDING STAGES

HENL2ERMTS B T
— 2050fEDF v B HEBLE — s aess oves (SRR m
E‘TE. Z %% {ZI:O)COZEIE Y Fot::c‘i:atl'\]c:rfload-bearing
Hj LA % Eﬁ‘a_ z) ?\’Ii(::ows, roof, insulations

o BRINEHE (EN) (2FE25<, s o8

Services
Mechanical, electrical, plumbing

Stuff (optional)
Furniture & appliances

Building carbon emissions

Carbon compensation
Removals and offset

@ Embodied carbon Operational carbon Partial and total sums

“The Building System Carbon framework — A common language for the building and construction value chain’, wbesd J2 ¥ &%
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Net-zero buildings — Where do we stand?

° lﬂlﬂ'q:'ii_ I

ATt A S
The Building System Framework (Z Z:-25\ T & 25 #T L 7=,

= AART 4 DR BEGRY)

-——_

02
03

04
05

06

HHHT
HHHT
HBHT

HEHT

L2 N EN

EES%
KEEE

BTIHD6DBEYIZHOWNWTHR—ILT A T H—HR

29,819m2
40,065m2
42,776m2

47,264m2
26,366m2

14,544m2

SRC
SRC
SRC

SRC
SRC

A-+RC

= R (UK)
2 R/(UK)
7 R (UK)

> R(UK)
a2 n—%4"" (DK)

7 LAF NV I (NL)

ek
e Ch—Ef)

EET@%@)?I RIS
ITRE D TR

BFREEOLWE
[t ibis

A&

ARUP

#wbcsd

Net-zero buildings
Where do we stand?

“Net-zero buildings —~Where do we stand?”. whesd 1. 9 47
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R—=IV T A T H—7R 2 DGHT

F—2RRE2T 1D

01. Office building, London, UK

e 14 Whole e casbon 4-C)

I\

2,450

kgCO,e/m?

ARUP

PRODUCTS | CONSTRUCTION USE END OF LIFE| EMISSIONS | BEYOND LIFE
kgCO.e/m? D
Structure
Substructure and superstructure 240 9 6 W 258 -53
Skin
Facade 100 1 94 0.2 195 111
(2]}
Fu Space plan
: Partitions and internal finishes 39 0 39 02 T 2
—
[“B services
= Building services, energy 120 1 240 1512 14 1873 -56
9 and water use
=)
ol Stuff
Fittings, furnishings and 5 10 15 5
equipment (FF&E)
Site emissions
Waste, electricity and fuel 30 30
Building carbon emissions 503 40 388 1,512 6 227
Embodied and operational i

“Net-zero buildings ~Where do we stand?”, wbesd &2 ¥ $if#
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R—IVT A T H—IR 2 DS

F—RARAE T hbEINT-FHER

* Embodied carbon & Operational

carbonD LR ITH1:1 TH -T2,
*  Operational carbon® Tl Z{

B OBRF LG T,

49%

X

—FH%A1ZEmbodied carbon?)®

R&EL 2%,

+  Embodied carbon® N R I3 E .

Ry

afifi, SMED R E,

32%

2% 9§

6%

Embodied Carbon®

kgco.e/m?

32%

7%

28%
°

® Embodied A1-AS
19% §
Whole Life Cycle Carbon 6551/ *F-%)

Embodied B-C

Operational B6-BT

Substructure

@ Superstructure

® Fagade

kgCO,e/m?

Internal walls and partitions

Internal finishes

@ FFRRE

@ Building services

19%
64

Site emissions

580

480

380

KgCOe/m?
»
2
oo m e e ———

Construction A1-A5

Replacement B4~ Services + FF&E

Replacement B4 -FF&E

30
YEARS

Replacement B4 - Structure + Fagade + Partitions

ARUP

Replacement B4 -Services + FF&E

Replacement B4 -FF&E

Endoflife C1-C4.

50 60

Inuse

© Operational carbon @ Embodied carbon

IRERFICO2PEH B 6564 -3
“Net-zero buildings ~Where do we stand?’, wbesd L ¥ £k

21
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Net-zero building — Halving construction emission today

Build
nothing
*
Repurpose/
refurbish mi“g
geometry
Ul Area
efficiency Materials &
Build systems selection
efficiently
ﬁ @
LY Design for
E Building disassembly
height
Transport & I Low-carbon
construction specification
emissions
Efficient.
M design
Holistic Building layer consideration

Facade
optimization

53r\rices

.
Ugyg aoed®

Loading

Maximize

assumptions L recycled
Finishes  content
Column grids/
transfers
Basement
Specific

“Net-zero buildings ~Halving construction emission today?”. wbesd 2 1) #285

Net-zero buildings
Halving construction

emissions today

ARUP

@wbcsd

ARUP

22
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TURT 4 Ko —R U HBZ R 72 S

BRREODZASIVITEREDKRES

Repurpose / refurbish buildings

Build nothing and
structures)

Build only to meet needs of

Build less communities / cities
Maximize utilization of buildings, Less fit-out

Reuse materials

Build clever (Design for deconstruction and reuse)}

Use low carbon materials / products

Minimize design loads
Use efficient forms and grids
Maximize material utilization

Prefabricate
Improve construction practices
Utilize reuse or recycling streams

Embodied carbon® Kl T4
“Net-zero buildings ~-Where do we stand?’, wbesd & 0 $i

Build nothing/re-assess the need
FEOU [ o= mimm miommimimtommss i it = i mim i i i i i (i e i e i S B S S S S e i

L s T T o it vkt

Define key parameters:
geometry/materials/criteria

carbon

Qonstructiun L o i
BHEREDZ A L >/ & Embodied carboni!l o " AEME

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ H#

23

ARUP

TUART 4 K o —R HIEIZ RN 72 52

BRERLSA7H140

1. Structure (30-60 years)
The construction of a building, which

I 2. Skin (30-35 years)

5-10 years
I 20-30 years

involves the structural skeleton
and determines its basic shape.

The outside layers of a building such
as the facade, including windows,
surface material and insulation.

I —— 30-35 years

Project life cycle
Leseseseses

3. Space plan (10-30 years)

e Teteeean.,,
The materials used for '..-' '-.,_ ._.-‘°
compartmentalisation: suspended L & o
ceilings, raised floors and all Structure
internal surface finishes.
I 4. Services (20-30 years) i /——\/
Services such as smart energy systems,
lighting and air conditioning that support £ Skin
the internal climate in a building. E /v\
K]
5. Stuff (5-10 years) =
Everything else that comes in a building Services
with the final tenants. The furniture,
the electronics, the decorations, etc. /W\
Space plan
~z | ” N\,
10-30 years / \
30-60 years oy 10y 20y 30y 40y 50y 60y

O MRESR WREFRZEDFA THA 7N

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ ##4
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ARUP
TURT 4 R =R HIEZ R T 7 SR
BEMHE —2@HHE
« BEOFRE. &S, AXEMIIEmbodied carbon
rRELSLEAT D,

© REICARDITE, MG, RS A DT, K " 2t
EfE & 7~ Y DEmbodied carboniz Kx < 72 5, s 4

Ps
-
o ®

% Anonymous, City 5 i Ahonymous
2 1000 ® 3 Highrise, City
E ’
g P
8 -
=3 s
= Anonymous, Southbank _ ~ °
o6 L &= 8 Bishopsgate
< 7
W core > A
& s
i Occupied area ; ’ z
4
£ Anonymous, _ #
s Ruskin Square
£ 600 -
@ ‘e Anonymous e
Q > (
P Midrise, London 22 Bishopsgate
- ® (Published)
Anonymous
Midrise, London
400
108 floor levels above ground 8 floor levels above ground 9 floor levels above ground 0 10 20 30 40 50 60 70
Netigross 69% Net/gross 87% Net/gross 80% Number of storeys
WSk & A R R % & BT i F 2 72 V) #r L1 Embodied carbon ) 4H

“Net-zero buildings —Halving construction emission today?’, wbesd X ¥ Hi#

25

. . ARUP
T RT 4 K - — R I 2 S
BEHE —TEHE
. RN R % AL RS O b

134438 12 4% % Embodied carboni(Z
AR B 25,

Embodied carbon budget per m?fagade
surface area (kgCO,e/m? FSA)

W2F = 0.35 (good) W2F = 0.50 (poor)
Facade Form Factor (FFF)

Wall to floor ration comparison showing in excess of 40% range

B R AR LR O ] ShEZ AR L & Embodied carbon | 24 o fH
“Net-zero buildings —Halving construction emission today?’, wbesd J< V) ## “How to calculate the embodied carbon of facades: A methodology’. CWCT % ¥ i
26
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WmE —=W6Etm

o FHEEMFEmbodied carbon D)
50% & EEDHD D,

o WTHREZXZFFTHER (B,
AT T7) M68% L KEUN,

o HEEHERNC LD AR BRI,

Vertical structure

8%

Basement structure

7%

Floor plate structure

68%

Corefstability system

12%

Foundations

5%

QO

fit & Embodied carbon ) P ER#

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ H#
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i

Minimum depth solution 9m x 9m grid

#.

—RNRY, RS TOXFHE

Minimum weight solution 9m x 9m grid

— & 3

300mm

600mm

_ 50kgCOe/m?
# G2 L Embodied carbon

100 kgCO,e/m?

Range of carbon

intensity potentially
doubling the

embodied carbon

1
]
I
1

Embodied carbon kgC0.e/m*

—

1
1
1
1
1
1
I
1
!
T
1 Span

Typical span range
for a floor Plale
A5 L Embodied carbon AH B

Embodied carbon (kgCO,e/m?)

50
0 ! |
° o & & & o °
d}' ‘9\" 09& & sa‘" ‘)69 ‘,@‘” & 5\00 _j}o
& & Na *° 32 F &° @ &
< « & S & N & o IS
<& < 2 &< A © &
* P < e > & &
Cy & S & ¥
) ) o N
& & &
e@ .‘0
o A q‘°

(45 & BALIE R 7=V FTEERFEmbodied carbon ) fA R

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ #2#4
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e —AR#EEOH

Years

------- Timber used inefficiently

Timber (no sequestration and
——————————— poor end of life consideration)
Efficient concrete

Efficient steel

Timber (with sequestration)
sustainably sourced

D T i ~. = .= — — - Timber (with sequestration and carbon
B na capture) sustainably sourced

End of sequestration

(assuming 50-year

Cumulative embodied carbon kgCO.e/m?

harvest cycle)
e 1
A1-A5 C1-C4
[l 1t J
Harvesting, processing Typical end-of-life Zero or negative
and construction scenarios release overall emissions are
releases carbon stored carbon back only possible with
emissions into the atmosphere carbon capture
Haugen Pavilion, London KRETH#E & Embodied carbon

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ H#
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ARUP
TURT 4 R =R U HBIZ AT 7 R
5% —Embodied carbon & Operational carbon®
o AMEEOETIPERE I Operational
cartbonZ /5T 5,

* ﬁﬁ,‘]'l\iﬁgﬁ5 AN E T Whole-life
Operational carbon/T{&J = 41
705, AMEE {KDEmbodied
carbon|THI KT 5,

Embodied

- BfEE R EnEE,  § N
8 e b o S

Operational

Thermal performance 4

S BZIHERE & Whole life carbon SREZ DR & CO2HEH BT

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ ##4
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o \ ARUP
TURT 4 R o =R HEIC AT 72 5
4% — Embodied carbon & Operational carbon®) 11§

Upfront
embodied carbon
(kgCOze/m?)

SMEOAL 44 Bi#kAE & Embodied Carbon
“Carbon footprint of facades: significance of glass’, Arup/Saint-gobain glass X ¥ #iz# “Net-zero buildings —Halving construction emission today?", wbesd X ¥ Hi#
31

‘ ARUP
TURT 4 Ko B—R HIRI T 7 SR
NE —MHEELHBOEHE
o TAILHTADOEDHEE
RE L,

CBROULE /T IR
RIS 02,

0,
39, 6%
o7, @ Frame
%‘- 49% (including secondary elements)
g @ Gaskets & thermal breaks

18%
@ Glass

150-300
kgCO,e/m?*

@ External screen
(sheet, rainscreen, brick & cement)

@ Insulation

@ Internal finish & vapour barrier

Eyes to the sky

18% @ Fixing

4%

445 D Embodied carbon K1 #FZ & DO PNER ) ‘ ) 1 Triton Square

“Net-zero buildings —~Halving construction emission today?”, wbesd < ¥ #2#4
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TURT 4 R =R BB T 7 R

BENE —2#HE
o FEELER{E DOEmbodied carbonl.
fEFHEEpE (B1) . BEZEBepE
(C4) DHBIERZ Wb T,
o PRESHY TR 23 SN T2
FOET YRR 2 7 EHE R D &
b,

A1-A5 embodied carbon

5%

12%

\

2%
3% [

6% |

17%

@ Cooling
A-C embodied carbon )
% ~'  Heating
7% 3% _
23% \ 30% @ Ventilation
® Electrical
' Lighting

@ Vertical transport
@ Cold water

@ Fire protection

@ Hotwater

Drainage

REER A O Embodied carbon  HEAE = & DR

“Net-zero buildings —~Halving construction emission today?’, wbesd < ¥ £
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TURT 4 R —R AU T 7o B

BERRKE —aEREZO

o HERE DEmbodied carbonliX., HrEERF L D L

JiE & B O PEH B R E W,

140
120
100

80

tC0.e

60
40

20

4.5% 0.0% 0.3% 0.0% 1.7% | 0.0%
==

A1-A3 A4 A5 B1 B2 B3 B4 BS
Lifecycle stage

@ Distribution @ Chiller

5 Bkl Embodied carbon & 7 A 7Y A 7 v

0.9% 0.0% 0.0% 0.0%

C1 C2 C3 cC4

@ Fcu

tCO.e

{8 IRF D I LR 2\ S D RS R AT A PR B

ﬂi%%ﬁa:g: D T—;Ef:ﬁ%)o

250 @® A1-A3
® A4
200 E @® A5
® B
150 @ B2
@® B3
© B4
100 ® B5
[ B
50 c2
I { ® c3
0 - [

(2088) 677) (1
R410A R32 R1234ze
Refrigerant type (GWP in kgCO.e/kg)
kIO GWP DHIKIPCCE SU i i Hic 5 <
FZ— (100kW) »Embodied carbon

“Net-zero buildings —~Halving construction emission today?”, wbesd < ¥ #2#4
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BERKE —ZWHALLERE

A1-AS

2500 Pipework and insulation

20% 4%
Ductwork and insulation % \‘
AHU 2% ‘

1500 Terminal units 10%
Trench heaters
1000 Heat pump and chiller
| 2%
500 i
0

2000

tCO.e
e ® o o 0o 0

Fan coil Chilled Passive Active
units ceilings chilled chilled
beams beams

2

#7202 & Embodied carbon® 7 5%

ARUP

Ductwork and supports.

Ductwork insulation

CHW pipework

CHW pipework insulation

Heating pipework

Heating pipework insulation

Foul waste pipework

Domestic cold water pipework

Domestic cold water pipework insulation

Domestic hot water pipework
Domestic hot water pipework insulation

Gas pipework

e o0

Cable tray (electrical)
Basket
@ Trunking

Ladder

]

Pipework supports

Refrigerant pipework, tray and insulation

Bl 4 OEmbodied carbon (Bl 4R <)

“Net-zero buildings ~Halving construction emission today?’, wbesd X ¥ Hi#
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mE —BERHOEIR
o LAT T MOEERLTF b

DT L0 NEED FFTAE
IE,

© MERRKEER A <
- XH
- OA7Vm7T
- [AfLb)EE

80 Charlotte Street, London
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ME —ERRH DR
H—=R 7 7Y D/

SUVBTEH R EL R 2
EHT %,

RETEEEZD
- FHRIH
- U¥arn

MKM

RIS SR Y EHEEINZ0AT 1T Y AT A
https://mogu.bi ic-collection/foresta-system/ 1. ¥ izl
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B N CTIER DJEN B R —IV T A 7 —R 2
— BRIN CTITEEEE B DO PRBALIC A T 2B E BIER TH D,
— K=V T A T =R MR 2 EEE &R OO H D,

B R—/LT A 7 H—R 2 OHBIZ T T
— A= TA TR HIENY 2 —F = — R TIRD MHTe R E R,
— “silver bullet = FFRhE" L7210,
— BB NS ED #HTe = & THIE O FTREME IR R T D,
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