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ARGYLE GARDENS 3000 POWELL THE AURORA THE CLARA

RESEARCH OVERVIEW

This Energy Trust of Oregon research project analyzes the operational, embodied,
and whole life carbon of eight multifamily buildings in the Pacific Northwest.



PRIMARY RESEARCH GOALS

1) Provide public operational and embodied carbon data, especially for low and
mid-rise wood frame multifamily construction in Oregon.

2) Determine the predicted life-span balance between operational carbon and
embodied carbon, for eight multifamily projects in Oregon.

EMBODIED
CARBON OPERATIONAL

CARBON

WHOLE LIFE CARBON
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Other OPERATIONAL =28%

GLOBAL CO,EMISSIONS* | Residentil firect)
'. Residential (indirect)
11%

Non-residential (direct)

s]

Transport
22%

Non-residential (indirect)

37%

FROM BUILDINGS

EMBODIED =9% ——
Buildings construction
Other industry - concrete,
industry aluminum, and steel 59,
30% °
Estimated emissions
for bricks and glass
...3% —
Infrastructure 5%

1 United Nations Environment Programme. 2022. 2022 Global Status Report for Buildings and Construction, https://www.unep.org/resources/publication/2022-global-status-report-buildings-and-construction, data

from International Energy Agency. 2022. Tracking Buildings 2022. Paris: International Energy Agency. Available at: https://www.iea.org/reports/tracking-buildings-2021



CO, EMISSIONS IN
DIFFERENT SCENARIGS,
2000-2050!

In order to reduce global
temperature rise to 1.5°C, the world
must achieve net-zero energy
related and industrial process

CO, emissions by 2050. Current
climate pledges , without additional
action, are consistent with a 2.1°C
temperature rise in 2100.

1 |IEA. 2021. Net Zero by 2050, IEA: Paris https://www.iea.org/re-
ports/net-zero-by-2050, License: CC BY 4.0
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CLIMATE AND LOCATION
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CLIMATE & LOCATION

AVERAGE HIGH AND LOW TEMPERATURE

Boise Air Terminal
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60°F 60°F

Bend Municipal Airport
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PROJECTS

101 UNITS 75 UNITS 163 UNITS 163 UNITS
RETAIL » OFFICE + RETAIL » RETAIL
PARKING » RETAIL + PARKING » PARKING

PARKING



PROJECTS

Portland Portland Portland Eagle (Idaho]

n
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R # HTN HN
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ARGYLE GARDENS [2020) 3000 POWELL [2024) THE AURORA [2023] THE CLARA [2021)

affordable, permanent supportive affordable affordable market-rate

72 UNITS 196 UNITS 93 UNITS 280 UNITS
NEWER ENERGY CODE » ALL ELECTRIC » WALK-UP AND
SRO UNITS TOWNHOMES
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PROJECTS - CONSTRUCTION TYPE + HEIGHT

3SI4-M0O’1

steel concrete
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WHICH PROJECT DO YOU THINK WILL HAVE
THE LOWEST WHOLE LIFE CARBON?
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A) ARGYLE GARDENS B) HEARTH
72 UNITS 163 UNITS
. RETAIL

. SRO UNITS  PARKING

C) 3000 POWELL

196 UNITS
 NEWER ENERGY CODE

D) THE AURORA

93 UNITS
+ ALL ELECTRIC



OPERATIONAL CARBON



PROCESS

Operational Energy
x Energy Source Carbon Intensity
= Operational Carbon

example:
1 kWh/yrx 10 kgCO_eq/kWh = 10 kgCO,eq

1) REQUEST ELECTRICITY  2) CREATE ENERGY MODELS 3) CONVERT ENERGY
& NATURAL GAS ENERGY FOR PROJECTS USAGE INTO CARBON

USAGE DATA  Revit Insight (DOE 2.2 Simulation EMISSIONS

o Engine)
 Idaho utilities = no aggregate

data without tenant release « Limited options for building systems

and specifications - not an exact replica



OPERATIONAL CARBON: EUI - ENERGY USE INTENSITY
ENERGY USE INTENSITY (EUI)

B Site EUI Baseline  m Site EUI Actual Site EUI Energy Model
90.0 kBtu/sf/yr

The overall annual energy consumption in terms
of kBtu divided by building area.

80.0 kBtu/sf/yr

1 : 70.0 kBtu/sf,
- [BEEBIRE calculated using Architecture 2030 w/sthe

Zero Tool
60.0 kBtu/sf/yr

- JEBASERI - based on 2022 utility bill data,

takes into account reductions from solar power 500 kBtu/sf/yr
« Energy Model = based on Revit Insight energy  40.0kBtu/sf/yr
model or third party energy model
30.0 kBtu/sf/yr
Conversion Factors 20.0 kBtu/sf/yr
1 kBtll - 10.0 kBtu/sf/yr
0.010002387669961 therms (natural gas)
0.293014534 kWh (electricity) 00 kbtu/ef/
. u/sf/yr

(3]
72 Foster Tho N|ok Hearth Fowler Argylo 300[] The Aurora The Clara
Gardens Powell




OPERATIONAL CARBON: 2030 EUI TARGET EXAMPLE

SITE EUI - 2030 CHALLENGE

60

50

40

kBtu/sf/yr

20

9.6

- 2

BASELINE 80% REDUCTION (2020) 90% REDUCTION (2025)

10




OPERATIONAL CARBON: Eul COMPARISON

SITE EUI: MULTIFAMILY + MIXED USE, BUILT 2015-2022, CLIMATE ZONES 4C + 5B

median
100
* Remember - housing

EUI is closely linked to

80 density - each unit has

hot water use, cooking,

plug loads
60
40
20
0
0 20 40 60 80 100 120 140 160 180
Y: Count v X: Site EUI (kBtu/sqf.. = Log Scale » 0 » 289 0

Source: https://bpd.lbl.gov/explore



OPERATIONAL CARBON 0OPERATIONAL COMPARISONS PER SQUARE METER

* measured (actual) range
1.5tod6.6 k e
31.5t0 6.6 kg COeq/yr/m Operational Carbon per m? (Conditioned)

. 60.0
» range (includes energy models) 55.2

26.6 to 55.2 kg CO_eq/yr/m? 500

44.8 46.6

44.0

40.2

N
o
o

37.9
s 34.5

+ Median: 40.1 kg CO_eq/yr/m?

315

kgCO,eq/yr/m?
S 8

40.1 kg CO,= 103 miles driven*

10.0

0.0

(1) (1) (2] (2) (3] (4) (5) (6) (7] (8]
72 Foster 72 Foster The Nick The Nick  Hearth Fowler Argyle 3000 TheAurora The Clara

Modeled  Fish Fish e Gardens _ Powell o

Modeled &S
S
/""

&

projects have parking, retail/office space

*Converted using EPA’s Greenhouse Gas Equivalencies Calculator

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator



OPERATIONAL CARBON OPERATIONAL COMPARISONS OF HOUSING EFFICIENCY

« Shows operational carbon in terms of per

unit, per bedroom, and per occupant OPERATIONAL CO2 / HOUSING EFFICIENCY
« This chart does not reflect the additional = kg CO2/Unit/yr kg CO2/Bedroom/yr  m kg CO2/Occupant/yr
advantages of the mixed uses in 72 Foster, 6000.0 o
the Nick Fish, Hearth, and the Fowler.
5000.0
Per unit* E 10000 - . - 3504.8
. O- = %6?.4 3355.4 3383.8
d LOW: 1207 kg CUZBQIunlt/yr ('q\l) 3000.0 - 940.7
« Average**: 2937 kg CUaeq/ unit/yr % s o | .
- High: 4441 kg CO,eq/unit/yr ~ 20000 ...
10000 . 1069.6 '864-8 1141.1
Per occupant* I I I I
" Low: 865 kg CUEBQ/OCC/YI’ o0 (1) (1) (2) (2) (3) (4) (5) (6) (7) (8)
1 1 2 ) 3 4 5 6 7 8
¢ Average**: 1512 kg CUEBCI/UCC/YF 72 Foster 72 Foster The Nick The Nick  Hearth Fowler Argyle 3000 The Aurora The Clara
- High: 2686 kg Coeeqlocclyr Modeled  Fish Mgésérl]ed Gard?ns /‘:Powell -

*excludes The Nick Fish - Modeled and 72Foster - Modeled

**20% trimmed mean

projects have parking, retail/office space



OPERATIONAL CARBON OPERATIONAL COMPARISONS OF HOUSING EFFICIENCY*

- !
ﬁ ]

Mean: Mean: Mean:
2937 kg CO_eq/unit/yr 2161 kg CO,eq/bedroom/yr 1512 kg CO_eq/occ/yr
e P = %
= .65 gasoline-powered car driven = .48 gasoline-powered car driven = .34 gasoline-powered car driven
for one year (7,529 miles driven] for one year (5,540 miles driven] for one year (3,876 miles driven]

*Converted using EPA’s Greenhouse Gas Equivalencies Calculator https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
**Mean values are 20% trimmed means



EMBODIED CARBON



EMBODIED CARBON METHODOLOGY: BACKGROUND

PRODUCT STAGE

Al A2 A3
raw material manufacturing
supply & production

0

\
)

9,

transport

LIFE CYCLE STAGES & MODULES

CONSTRUCTION

construction &
installation

>,

excluded
from
this
study

transport E

'&<— 60 YEARS —
USE

use  maintenance,

repair,
~
~
~

replacement,
refurbishment
excluded
from

this

study

B

END-OF-LIFE
demolition g waste disposal
&  processing
c
o
E Q @r
excluded
from
this
study

POTENTIAL
BENEFITS &
LOADS

recovery, reuse,
& recycling

Ed

31.75%

biogenic carbon
storage at end
of life




EMBODIED CARBON METHODOLOGY: BACKGROUND - TALLY

Define Ingredients and Takeoffs Save | Cancel
tmvmnumnm , Service Life
ricr 1o ‘ ‘
Brick, generic - | | Default to building life v | | |

Takeoff Methed
’ by Modeled Volume  ~ ‘ [Use default value v] ‘ 100‘ ’ % Solid v

Mortar Service Life

[Lime Mortar (Mortar Type K) v] [Use default value v] ‘ 50 ‘ Years
Takeoff Method Brick mortar volume
by Modeled Volume ~ ~ | [1/2" joint v| [ 229016524] [%50lid  ~

Material Quantity x Material Carbon Intensity = Embodied Carbon



SCOPE

EMBODIED CARBON METHODOLOGY

EXCLUDED SCOPE

MEP

o

S

©

5]

=

3]
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. = B

rSOOt

HES 2T
- @ >

OO I
p— .

= ®© o 'B o

furnishings
fixtures/

accessories

FULL SCOPE INCLUDES BASE SCOPE

+ ADDITIONAL CATEGORIES

+ stairs
+ railings

doors

ceilings

BASE SCOPE INCLUDES

roof

A

\
\ ,,\>
AN
AN
AL
g
4

structural —'
framing

cladding

windows

interior

foundations



LIMITATIONS

« Embodied carbon data for building systems is o
almost non-existant o

» Lack of data from specific material
manufacturers

« Embodied carbon does not take into account
other environmental impacts, such as
habitat impacts

* Quality of output related to quality of digital
building modeling

» Results are an estimate, and can be greatly
impacted by end-of-life assumptions




EMBODIED CARBON: BASE VS. FULL

BASE VS. FULL EMBODIED CARBON

® InCIU.dlng biogenic Cal‘bon, normalized 2000 1 Structure, Enclosure,2I7n7terior Walls B Structure, Enclosure, Interior Walls, Ceilings, Stairs/Railings, Doors
by kg CO,eq per square meter of the .
building area. 2500 e 28 .
. 234
« Base Embodied Carbon: <D.[ 21
Q 200.0
o]0}
Low: 167 kg CO,eq/m? e o
Average: 219 kg CO,eq/m? e
S~
O
. (]
High: 257 kg CO_eq/m? 000
@)
o]0)]
* 35% difference between the low and =
high values. 50.0
* Stairs, railings, doors, and ceilings e = o
contributed an average 5% to the T 2 (3] (1) 5] 6 7 (8
embodied Carbon Of a project. 72 Foster The Nick Hearth Fowler Argyle 3000 The Aurora The Clara
Fish A Gardens Powell A5 >~

wood frame over concrete podium with parking wood frame wood frame with wood frame
and mixed uses limited steel



EMBODIED CARBON: PER LIFE CYCLE STAGE - INCLUDING AND EXCLUDING BIOGENIC CARBON

Comparison of the base embodied
carbon per life cycle stage, including
and excluding biogenic carbon (EBC).

There is a higher total
embodied carbon when
biogenic carbon is excluded.

This variation is most apparent in the
Argyle Gardens project, which is a Type
V wood construction with small units
(primarily single room occupancy) with
two and three story buildings.

400.0

350.0

A-D

N
w
o
o

200.0

= =
o w1
o o
o o

w
o
o

KGCOZEQ/MZ - STAGE

231.0
185.5 172.2
110.9

0.0

BASE EMBODIED CARBON PER LIFE CYCLE STAGE WITH &
WITHOUT BIOGENIC CARBON

m [A1-A3] Product m [A4] Transportation [B2-B5] Maintenance and Replacement

197.1 203.8
155.7 163.6

n4

46.8

10.9
=oEE

EBC
[l] (2] [3] [4]
72 Foster The Nick Hearth Fowler
Fish

wood frame over concrete podium with parking
and mixed uses

210.6

65.3

i [5],
Argyle
Ga,rdens

wood frame

m [C2-C4] End of Life = [D] Module D

T | 1814
] 141.0
98.1
62.8

—wam 119

EBC EBC

) o
3000 The Aurora
Powell

wood frame with
limited steel

-11.8

EBC
(8)
The Clara

wood frame



EMBODIED CARBON: PER LIFE CYCLE STAGE

BASE EMBODIED CARBON PER LIFE CYCLE STAGE

° ThiS Chart Compal‘es the base embodied m [A1-A3] Product  ® [A4] Transportation [B2-B5] Maintenance and Replacement ~ m [C2-C4] End of Life ~ ® [D] Module D
o . 350.0
carbon per life cycle stage (includes
biogenic carbon).

300.0

« Concrete podium buildings: Stage A
[product] is greatest contributor

250.0

200.0

67.3
98.9

163.6

+ Wood frame buildings: Stage B & C
[use and end of life] are greatest
contributor

150.0

100.0

KGCO,EQ/M? - STAGE A-D

* Wood frame buildings shift the embodied
carbon burden towards the use and end-of- 0o
life stage to optimize savings today.

(6) (7) (8)
3000 The Aurora The Clara
Powell

(1) (2) (3]
72 Foster The Nick Hearth
Fish

wood frame over concrete podium with parking wood frame wood frame with wood frame
and mixed uses limited steel



EMBODIED CARBON: PER DIVISION

Division 07: Thermal
and Moisture Protection
(includes insulation,
roofing, siding,
waterproofing)

Division 06: Wood,
Plastics, & Composites

— Division 08: Openings
and Glazing

Division 04: Masonry
(includes brick and cmu)

Division 09: Finishes Division 05: Metals
(includes drywall, paint,

ceilings, etc.)

fj -+— Division 03: Concrete



EMBODIED CARBON: PER DIVISION

+ Concrete makes up over half of
the base embodied carbon for
the concrete podium buildings.

» For the non-concrete podium buildings, the
smaller concrete foundations contribute a
lower percentage to the embodied carbon.

* The two and three story projects have a
greater surface area ratio, which is likely
reflected in the higher embodied carbon of
the thermal and moisture protection.

» There is a large variation in finishes, which
could relate to the amount of gypsum
wallboard needed to achieve fire ratings in
different construction types.

KGCO,EQ/M? - STAGE A-D

BASE EMBODIED CARBON PER MATERIAL DIVISION
m 04 - Masonry 05 - Metals
07 - Thermal & Moisture Protection m 08 - Openings and Glazing

m 03 - Concrete
m 06 - Wood/Plastics/Composites
m 09 - Finishes

300.0

250.0

200.0

49 ]
150.0 63— 39.7
o2
VER:] 10.6
10.0 [ 118 | —_
243
140.2
19.6
89.5 =
77— 85 e

(1)
72 Foster

(6] (7] (8]
3000 The Aurora The Clara
Powell

wood frame

wood frame with
limited steel

wood frame

wood frame over concrete podium with parking
and mixed uses



EMBODIED CARBON: HOUSING EFFICIENCY

» Embodied carbon per unit, per bedroom, and
per occupant can provide more insight than
just looking at the embodied carbon per
square meter.

35000.0

30000.0

» Four of the projects contain office, retail, or
parking uses, which is reflected in the lower
housing efficiency for the embodied carbon.

25000.0

« Mean* (Over 60 years): 8N |
19,604 kg Cﬂzeq/unit (O 150000

13,965 kg CO,eq/bedroom
10,290 kg CO_eq/occupant

* Mean* (Per year):
326 kg CO_eq/unit
233 kg CO,eq/bedroom 00
172 kg CO_eq/occupant

10000.0

5000.0

*20% trimmed mean

EMBODIED CO,EQ / HOUSING EFFICIENCY

H Per Unit Per Bedroom ® Per Occupant
(1) (2] (3] (4] (5] (6) (7) (8)
72 Foster The Nick Hearth Fowler Argyle 3000 The Aurora  TheClara

Ga,rdens Powell

,/'~' :
Y
wood frame over concrete podium with parking wood frame wood frame with wood frame
and mixed uses limited steel



EMBODIED CARBON EMBODIED COMPARISONS OF HOUSING EFFICIENCY

- !
ﬁ I

Mean: Mean: Mean:
326 kg CO_eq/unit/yr 233 kg CO_eq/bedroom/yr 172 kg CO_eq/occ/yr
=.073 gasoline-powered car driven =.052 gasoline-powered car driven =.038 gasoline-powered car driven

for one year (836 miles driven] for one year (597 miles driven] for one year (441 miles driven]

*20% trimmed mean



EMBODIED VS. OPERATIONAL



EMBODIED VS. OPERATIONAL - CUMULATIVE EMISSIONS

operational carbon
surpasses initial
embodied carbon

KGCO2EQ

1400.0

1200.0

1000.0

800.0

600.0

embodied carbon jumps at
— maintenance & replacement

—2040 - Oregon
grid legislated to
reach zero carbon
emissions

NATURAL GAS

embodied carbon

400.0

200.0

0.0

with 30% MEP
estimate added

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
YEAR

I Operational Carbon - Electricity Operational Carbon - Natural Gas

e=sF mbodied Carbon e==Embodied Carbon w/ MEP factor



EMBODIED VS. OPERATIONAL: 72F0OSTER & THE NICK FISH | CUMULATIVE EMISSIONS

72FOSTER THE NICK FISH

1400.0 1400.0

g z
§ 800.0 g 800.0
. 8
400.0 / 400.0 I /
2000 / g / 200.0 I N
YEAR VEAR
—(E):j;;::za;acir::n-EIectricity _(E):‘i:l;:;aéacij::v;':/lal::r;ljj: Operational Carbon - Electricity Operational Carbon - Natural Gas
e=sF mbodied Carbon et mbodied Carbon w/ MEP factor
+ This project has a large solar panel installation + At the end-of-life, the embodied carbon makes
& relatively low portion of operational carbon up 35% of the whole life carbon if the MEP

from electricity. factor is included.



EMBODIED VS. OPERATIONAL: HEARTH & THE FOWLER | CUMULATIVE EMISSIONS

HEARTH THE FOWLER
1400.0 1400.0
1200.0 1200.0
1000.0 1000.0
~ o
= >3
d 800.0 g 000
% o~
5 S
9 600.0
Q9 6000 <

400.0 / 400.0 /

/ /
/ s/
5000 / 2 200.0
0.0
0.0 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
YEAR YEAR
. . . Operational Carbon - Electricity Operational Carbon - Natural Gas
Operational Carbon - Electricity Operational Carbon - Natural Gas
X X e=mfFmbodied Carbon e==fmbodied Carbon w/ MEP factor
emmf mbodied Carbon e==Embodied Carbon w/ MEP factor
+ Lower operational carbon from natural gas + At the end-of-life, the embodied carbon makes

than the Fowler. up 30% (the Fowler]) and 35% [Hearth] of the

hole lif if the MEP factor is incl .
+  Similar embodied carbon to the Fowler whole life carbon if the actor is included



EMBODIED VS. OPERATIONAL: ARGYLE GARDENS & 3000 POWELL | CUMULATIVE EMISSIONS

ARGYLE GARDENS 3000 Powell

1400.0 1400.0
1200.0 1200.0
1000.0 1000.0

[a] N

2 2

g 800.0 o 800.0

g &

S S

Q 6000 2 6000
400.0 400.0

0.0 0.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

YEAR YEAR
mm Operational Carbon - Electricity Operational Carbon - Natural Gas [ Operational Carbon Operational Carbon - Natural Gas
e=Embodied Carbon e=Embodied Carbon w/ MEP factor ==Embodied Carbon ==Embodied Carbon w/ MEP factor
+ At the end-of-life, the embodied carbon makes + At the end-of-life, the embodied carbon makes

up 25% of the whole life carbon if the MEP up 32% of the whole life carbon if the MEP
factor is included. factor is included.



EMBODIED VS. OPERATIONAL: THE AURORA & THE CLARA | CUMULATIVE EMISSIONS

THE AURORA

THE CLARA

1400.0
1400.0

1200.0
1200.0

1000.0

N 1000.0
2 o~
g 8000 2
N d 800.0
Q w
9 o
2 600.0 O
9 6000

000 ALL ELECTRIC!

400.0

200.0
200.0

0.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

0.0
YEAR 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
[ Operational Carbon - Electricity Operational Carbon - Natural Gas YEAR
e=Embodied Carbon e=Embodied Carbon w/ MEP factor mm Operational Carbon - Electricity Operational Carbon - Natural Gas
e==F mbodied Carbon e=sEmbodied Carbon w/ MEP factor
+ At the end-of-life, the embodied carbon makes + At the end-of-life, the embodied carbon makes

up 45% of the whole life carbon if the MEP up 25% of the whole life carbon if the MEP
factor is included. factor is included.



WHOLE LIFE CARBON: PER SQUARE METER

® Operational Carbon Embodied Carbon
1800.0
1600.0
449.0
&
14000
wl
>
3 3218
o 1200.0
S
366.5
S 1105.5
S 1000.0
S~
g 947.5 960.9
8 800.0
Q 803.1 o
S 697.2
E 600.0
< 259.2
)
=
> 400.0
O
322.5
200.0
(1] (2) (3) (4) (5] (6] (7] (8)

72 Foster The Nick Hearth Fowler Argyle 3000 The Aurora  The Clara
Fish Gardens Powell

——

i \‘«vmﬁ ’

W, 7.
%t';:&



WHOLE LIFE CARBON: PER UNIT, PER BEDROOM, PER OCCUPANT

m PER UNIT PER BEDROOM  m PER OCCUPANT

160000
150870
144252
140000
1573
120000 119071
13044
2
©
g 103641
3 100000
- 24588
o 91252
3 82030
o
@
) 80000
Q
71305
o
_g 51517
w© 60000 56736
E 51881
g 47979
Q
40000 37494
34137 38137
— 31743 20796
20576
20000
0

(2) (3] (8]
72 Foster The Nick Hearth Fowler Argyle 3000 The Aurora The Clara
Gardens Powell




CONCLUSIONS



CONCLUSIONS & FINDINGS

1) OPERATIONAL ENERGY USAGE REPORTING 120000 kWh
SHOULD BE PLANNED FOR BEFORE A PROJECT 100000 kWh

IS COMPLETE. 80000 kWh
, 60000 kWh

+ DATA SHARING WITH ARCHITECTS & 40000 kKWh
ENGINEERS: FEEDBACK LOOP 20000 kWh

+ WRITTEN INTO LEASES 0 kwh
+ YEARLY REVIEWS FOR EFFICIENCY



CONCLUSIONS & FINDINGS

ARGYLE GARDENS THE AURORA

2] ALTHOUGH ARGYLE GARDENS IS THE MOST
EFFICIENT PRESENT-DAY OPERATIONAL

AND EMBODIED CARBON PER UNIT AND PER
BEDROOM, THE AURORA HAS THE LOWEST
WHOLE LIFE CARBON PER BEDROOM/OCCUPANT
DUE TO BEING ALL-ELECTRIC.

WHOLE LIFE CARBON

11111

100000

89030
80000
60000
77777
40000
3333333333
55555

20000

o

72Foster The Nick Fish  Hearth The Fowler Argyle 3000 Powell The Aurora The Clara
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60 years

Cumulative KG CO2%eq over

WHY ARGYLE GARDENS?

Small unit size

SRO units share kitchens and bathrooms

Limited concrete (embodied carbon driver)

Limited windows (embodied carbon driver)

Ceiling fans but no air conditioning (operational carbon
driver)
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OPERATIONAL CO2 / HOUSING EFFICIENCY EMBODIED CO,EQ / HOUSING EFFICIENCY
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Cumulative KG CO2%q over 60 years
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WHOLE LIFE CARBON
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3] UNITS WITH MULTIPLE BEDROOMS PROVIDE WHY?
EFFICIENCIES IN EMBODIED/OPERATIONAL  Fewer kitchens, living spaces and bathrooms to build,
CARBON PER OCCUPANT. heat, and cool
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4] FOR CONCRETE PODIUM BUILDINGS,
CONCRETE MAKES UP THE LARGEST % OF
EMBODIED CARBON.

WHY?

 Cement emissions.
e Low carbon concrete not mandated.

» Does not sequester carbon like wood.

RECOMMENDATIONS

» Low carbon concrete should be an embodied
carbon priority

» Consider ways to reduce concrete quantity

KGCO,EQ/M? - STAGE A-D

m03-

m 06

m09-

300.0

250.0

BASE EMBODIED CARBON PER MATERIAL DIVISION

——
75 |
12.9 449 ]
| S5/ |
146.7 A

wood frame over concrete podium with parking
and mixed uses

Concrete m 04 - Masonry
- Wood/Plastics/Composites m 07 - Thermal & Moisture Protection
Finishes

wood frame

05 - Metals
m 08 - Openings and Glazing

92.8

wood frame with
limited steel

wood frame
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5) WOOD FRAME (INCL. LIMITED STEEL) BASE EMBODIED CARBON PER LIFE CYCLE STAGE

B U I L D I N G S H AV E H I G H E R E N D - 0 F_ LI F E m [A1-A3] Product  ® [A4] Transportation [B2-B5] Maintenance and Replacement ~ m [C2-C4] End of Life ~ ® [D] Module D

EMBODIED CARBON THAN CONCRETE |

PODIUM BUILDINGS. 3000

()

<C 2500

LLI; 46.8 H

E 2000 el . 98.9 o

—W H Y 9 ~ 150.0 | ]

» Biogenic carbon reduces the initial embodied 2 Ed H n
carbon. 8 100.0 - S

8N : 163.6 ] —

« When biogenic (stored carbon) is included, Q s - s ]
some of this carbon is re-released at the end- oo B 1 L -
of-life. | | = =

(1) [2) (3) [4) [5) [6) (7) (8)

72 Foster The Nick Hearth Fowler Argyle 3000 The Aurora  The Clara

Xy

S g

’1‘6

wood frame over concrete podium with parking wood frame wood frame with wood frame
and mixed uses limited steel
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THE AURORA

6) THE AURORA, THE ALL-ELECTRIC 14000
PROJECT, WILL HAVE THE LOWEST
WHOLE-LIFE CARBON BASED ON e
CURRENT GRID DECARBONIZATION
ASSUMPTIONS.

1000.0

800.0

WHY?

» No operational carbon from natural gas

KG CO2EQ/M2

600.0

400.0 ALL ELECTRIC!

* Electricity emissions trend towards
carbon neutral. *Note that thisis a
simplification and some operational
carbon emissions expected to continue
past 2040. 0.0

200.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59
YEAR

» Based on current assumptions, but
itis possible that other projects will I Operational Carbon - Electricity Operational Carbon - Natural Gas
electrify their systems as well e mbodied Carbon e==Fmbodied Carbon w/ MEP factor
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7) CONCRETE PODIUM BUILDINGS
HAVE THE HIGHEST WHOLE LIFE
CARBON PER UNIT, BEDROGOM, AND
OCCUPANT... BUT NOT ALWAYS PER
SQUARE METER.

WHY'?

Concrete podium buildings in our study
are skewed towards having additional
retail or office spaces. This chart does
not take into account those uses.

» Concrete allows for higher density and
mixed use - it is hard to account for
the utility and carbon impact of those
benefits.
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80000
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Cumulative KG CO%eq over 60 years
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9] WHOLE LIFE CARBON FOR SIX OF
THE BUILDINGS RANGED FROM 1100
KG CO,EQ/M? TO 1540 KG CO_EQ/M2.

» Despite differences in use, size, and
building systems, the total whole life
carbon per square meter is not as varied
as we might expect.

» The Aurorais an outlier due to being all-
electric.

» The whole life carbon values are
estimates and are not locked in. Building
owners could reduce their whole life
carbon by upgrading to more efficient
systems, extending the building life

span, or adding on-site renewable energy.

WHOLE LIFE CARBON

® Operational Carbon Embodied Carbon
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- ~
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FINAL THOUGHTS WHOLE LIFE CARBON

® Operational Carbon Embodied Carbon

1800.0

. SET GOALS FOR EUI, OPERATIONAL
CARBON, AND EMBODIED CARBON
EARLY IN A PROJECT

+ TRACK AGGREGATE ENERGY USAGE | o I

DATA AND SETUP FEEDBACK LOQOP
WITH ARCHITECTS, ENGINEERS,
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800.0
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AND OWNERS

+ REQUEST EMBODIED CARBON DATA 4000 i
FROM MEP MANUFACTURERS .

+ THE MOST SUSTAINABLE BUILDING " 2 - " - . -
IS THE ONE THAT IS ALREADY BUILT 72 Foter Thﬁigrifk Hearth Fowler Gﬁ&\]rr?jyl;lgs PBDU\A[IJSH Aur
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OPERATIONAL CARBON METHODOLOGY SOURCE OPERATIONAL CARBON INTENSITY

WESTERN POWER POOL (FORMERLY NWPP]
638.5 |bs CO,eq / MWh

IDAHO POWER [ONTARIO, OR & BOISE, ID]
886 Ihs / MWh?

CO2
(lbs/MWh)
PORTLAND GENERAL ELECTRIC 1,600
(PGE) (PORTLAND) 1,400
1,200
705.5 |bs /| MWh?3 1,000
800
600
CITY OF ASHLAND ELECTRIC 400
200
DEPARTMENT (MEDFORD, OR) ;
65 lbs / MWh*
EMISSIONS RATE MAP!
https://www.epa.gov/egrid/power-profiler#/
2 2021 & 2022 average, https://www.idahopower.com/energy-environment/energy/energy-sources/our-path-away-from-coal/
3 Includes purchased and generated energy. Portland General Electric. “2021 ESG Report: Advancing Our Clean Energy Future,” 2021. https://assets.ctfassets.net/416ywcllagmd/5aLMRJupOFHiMTfOEpgzYO/9e384dc
5c6422147ddadbd821913163a/PGE_ESG21_Web.pdf.
4 Energy purchased from BPA, includes direct and indirect emissions. Source: DEQ. “Oregon Clean Fuels Program: Updated Electricity Carbon Intensity Values for 2021,”

2021. https://www.oregon.gov/deq/ghgp/Documents/cfpUpdated2021Cls.pdf



