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Why building

electrification is key
to a carbon neutral
future

Learning Objectives

How to overcome

all-electric design

barriers, including
Washington'’s
energy code

Understand building
technologies used
in all-electric
buildings

Embodied carbon
considerations







WHY DECARBONIZE?

To avoid the most severe effects of climate change we need to
limit global temperature rise to 1.5°C above
pre-industrial levels. To achieve this goal developed countries
need, by 2050, to have reduced their Greenhouse Gas

emissions to 20% of what they were in 1990.
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Source: EPA Carbon ~ Methane  Nitrous  Fluorinated Source: IPCC (2014)
dioxide oxide gases

Carbon dioxide equivalent (CO2e) - the amount of CO2 which would have the equivalent global warming impact.



Greenhouse Gases | THE IMPACT OF METHANE (NATURAL GAS) LEAKAGE (20 Yr GWP)

IbCO,/kWh
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US Greenhouse Gas Emissions | nrocpathiway 1o 2050

Millions of tonnes CO, per year

6,000
Carbon Reduction Goals
5,000 By 2050 from 1990 Levels
Total Emissions: 80%
4,000 Building Emissions: 90%
3,000

2,000

1,000 Buildings

1990 2000 2010 2020 2030 2040 2050



Emissions (MMT)

Washington State Clean Energy Transformation Act (ss 5116, 2019)
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Emissions (MMT)

Washington State Clean Energy Transformation Act (ss 5116, 2019)

Building Emissions by Fuel Type

18
2025: All electric utilities must
16 — eliminate coal-fired generation.
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12 2030: All electric utilities must
be greenhouse gas neutral.
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Emissions (MM

Washington State Clean Energy Transformation Act (ss 5116, 2019)

Building Emissions by Fuel Type

18
2025: All electric utilities must
16
— eliminate coal-fired generation.
14
12 2030: All electric utilities must
10 be greenhouse gas neutral.
2045: All electric
g — utilities must generate
100% of their power
6 — from renewable or
zero-carbon resources.
4 o —
2
O —
2020 2030 2035 2040 2045 2050

1 Coal Diesel Electricity Natural Gas ® Other-wood, Ipg






Tracking Washington’s Greenhouse Gases

Actual Future limits

120
E 2020 - Clean Energy Transformation Act
@ 2020 - Hydrofluorocarbons
100 = : : . . d 2023 - Cap and Invest
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: Decarbomzatlon ; — WA Climate Commltment Act (NET-ZERO BY 2050)

the Energy Electrificaion. 3 —CIean-BqulngsAct
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Existing Building
Alterations in
Seattle

— Change in Space Conditioning
or Change in Occupancy

—  Envelope upgrade of
impacted building areas

— C406 Additional
Efficiency Packages

- Full Substantial Alteration
—  Seismic upgrade

—  Envelope upgrade of
entire building

—  C406 Additional
Efficiency Packages

3 b




What is a
Substantial
Alteration?

Remodeling or additions that
substantially extend the

useful physical and/or
economic life of the building or
a significant portion of the
building, other than typical tenant
remodeling

- Repair of a building with a
damage ratio of 60% or more

- Re-occupancy of a building that
has been substantially vacant for
more than 24 months in
occupancies other than group R-3
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Code Chang

Building Glazed Exterior
Performance Leakage Assembly Lighting Power

C407 S Performance Allowances
C402.4 C405




Fossil Fuel
Compliance Path

Fossil Fuel Compliance Path
Additional C406 Credits

OCCUPANCY
GROUPS

Baseline Credits

Fossil fuel space heating

additional credits +7 +24 +101 +38 +111 +56

Fossil fuel service water

heating additional credits +198|+212) +27 | +17 | +79 |+107




C406 Washington
State Energy Code

C406

Energy Efficiency | REQUIRES 42 CREDITS

NA 11 3 3 4
Dwelling unit Improved Improve cooling  Improve heating Low-carbon district
HVAC control HVAC TSPR  and fan efficiency efficiency energy system

12 21 2

Improved High performance Fault detection 10% reduced 20% reduced
low-carbon district DOAS and diagnostics  lighting power lighting power
energy system

NA NA @ 13 NA
Lamp efficacy Residential Enhanced Renewable Shower Drain
improvement lighting control  lighting control Energy Heat Recovery

y 17 4 19 NA
Service Water Heat pump Heat trace Point-of-use SHW distribution

Heat Recovery water heating system water heater right sizing
4 9 W B @
High performance  High efficiency Low-flow Enhanced Base reduced
SHW temp SHW circulation residential envelope air infiltration
maintenance system showerheads performance

11 18 NA NA y

Enhanced Enhanced Enhanced Enhanced Efficient elevator
reduced air commercial kitchen residential kitchen residential laundry equipment
infiltration equipment equipment equipment

Load Management | REQUIRES 27 CREDITS

@ 12

Lighting load HVAC load Automated

management management shading

126 14 59
Electric energy Cooling energy Service hot
storage storage water energy
storage
50
Building

thermal mass

NOTE: LOAD MANAGEMENT CREDITS ARE
NOT REQUIRED FOR TI PROJECTS

LEGEND

Shell + Core

Shell + Core and Tl

POPULAR CREDITS

() Shell+Core

) Shell+Coreand Tl

NOTE: ABOVE IS FOR B OCCUPANCY. CREDIT REQUIREMENTS VARY BY OCCUPANCY.

OCCUPANCY G ROUPS

New Building Energy- Efficiency
Building AdditionsEnergyEfficiency
New Building'Load Management




C406 with Fossil
Fuel Heating System

ith Fossil Fuel Heating System

Energy Efficiency | REQUIRES 143 CREDITS Load Management | ReQUIRES 27 CREDITS

@ 12

NA 11 3 3 4
Dwelling unit Improved Improve cooling  Improve heating Low-carbon district Lighting load HVAC load Automated
HVAC control HVACTSPR  and fan efficiency efficiency energy system management management shading
12 21 2 126 14 59
Improved High Fault detection 10% reduced 20% reduced Electric energy Cooling energy Service hot
low-carbon district  performance and diagnostics lighting power lighting power storage storage water energy
energy system DOAS storage
NA NA @ 13 NA 50
Lamp efficacy Residential Enhanced Renewable Shower Drain Building
improvement lighting control  lighting control Energy Heat Recovery thermal mass
NOTE: LOAD MANAGEMENT CREDITS ARE
y 17 4 19 NA NOT REQUIRED FOR TI PROJECTS
Service Water Heat pump Heattrace Point-of-use SHW distribution
Heat Recovery water heating system water heater right sizing LEGEND
Shell + Core
4 y NA 13 3
High performance  High efficiency Low-flow Enhanced Base reduced Shell + Core and Tl
SHW temp SHW circulation residential envelope airinfiltration
maintenance system showerheads performance
POPULAR CREDITS
11 18 NA NA y () Shell +Core
Enhanced Enhanced Enhanced Enhanced Efficient elevator
reduced air  commercial kitchen residential kitchen residential laundry equipment . Shell+CoreandTI
infiltration equipment equipment equipment

NOTE: ABOVE IS FOR B OCCUPANCY. CREDIT REQUIREMENTS VARY BY OCCUPANCY.

OCCUPANCY GROUPS -

New Building Energy Efficiency

Building AdditionsEnergy-Efficiency

New Building’Load Management
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PR e MANDATORY COMPLIANCE
WA Clean Buildings Act Ti ne FOR COMMERCIAL BUILDINGS...

220,000sf and bigger 50,000sf and bigger "
Building owners notified
Bill signed into law of compliance schedule
@ ;g =
MAY 7, 2019 JULY 1, 2021 x : JUNE 1, 2026 JUNE 1, 2028
/J\ () f( ’ oS |
), N |\ T
NOVEMBER 1, 2020 % JULY.2021-26 - JUNE 1, 2027
» L me—— \

®

1

Voluntary incentive program

90,000sf and bigger

= *Standard to be updated July 1, 2029 and every fifth year thereafter.
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What's the Timeline for Compliance?

Seattle Building Emissions Performance Standard (BEPS)

2022 - 2026 2027 - 2030 2031 - 2035 2036 - 2040 pwieZy v {1 ZL 0N B 0 Z 1 L]0,

Nonresidential Net-Zero

Polic Verify Energy &
Y y Sy Emissions Targets Targets

Development / Emissions,
Support Plan, and Start
Program Reductions

Multifamily

Emissions Targets* Net-Zero Targets

*Extension for affordable housing & human services until 2036-2040 to meet targets.

State of WA Clean Buildings Performance Standard

2026 - 15t Energy Targets j§ 2031 >> Future Energy Targets - To be Determined by Rule
Commercial >50K Commercial & Multifamily >20K







419 Occidental

SEATTLE, WA

QUICK STATS

OWNER City of Seattle

ARCHITECT SHED Architecture & Design

PROGRAM Commercial

Mechanical, Electrical,

PAE SCOPE .
Plumbing

DELIVERY Design Build

SIZE 99,440 sf

V4

LEED Platinum Building Built PV Array Stories Historic Renovation
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Primary/ Secondary % % % Heat Recovery

; Pump Hause Chiler
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‘_ i —— =% Roof
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SCL Vault
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SCL Vault
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Electrical Service
Negotiation

Electrical service is often 2-4
times larger than a “typical”
building

VASHINGTON WATER POWER
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TRADITIONAL GAS FUELED ELECTRIC

Air-Sou rce
Heat Pump

Domestic __ : - S/
Hot Water - .
Gas-Fired Air-Source Water-Source >
Water Heater Heat Pump Heat Pump s
7 o
Cooking Verr

Convection/
Combi Oven

Induction SV
Cooking ; 4

v S

Gas Oven

P R



Gas vs All-Electric Cooking

Electric Conduction Electric Induction
Gas emissions No gas emissions No gas emissions
from combustion from combustion from combustion
~40% ~70% ~75%
Efficiency Efficiency Efficiency
8 minutes to 7 minutes to 4 minutes to

boil 0.75L water boil 0.75L boil 0.75L water



Gas Boilers vs Heat Pumps

Heat Pump
MAX EFFICIENCY

Gas Boiler
MAX EFFICIENCY

~96%

Iﬁlﬁl
1

O |em| (@'—@
®)




Chiller Application | cooLiNG A spPAcE

Heat Pump
Applications

g

I _

55°F

75°F

0

I / 100°F Outdoor Air

Hntm
I

Outdoor Air 80°F



Heat Pump
Application

COEFFICIENT OF
PERFORMANCE

3

Heat Pump Application | warMING A sPACE

Outdoor Air

35°F ‘\

80°F

70°F

45°F Outdoor Air




Adding Geo-Exchange Heat Pump Application | warMING A sPACE
Geo-Exchange

65°F

Q

55°F Ground

e UUUUUULUUU




Heat Recovery Application | siMULTANEOUS HEATING + COOLING

Heat Recovery

COEFFICIENT OF
PERFORMANCE

~ 7

55°F o
750F 80°F




District Systems | enercy synercies

OFFICES
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Heat Pump

TECHNOLOGY AND CLIMATE

8
T KT I . ——— e e . Air-source or Geo-source Heat
///——“’ IR 1 m-7 Pump
N\ 7 I—I—l
\ E P 6 "
B O
™~ - - N 5 Backup Boiler (Gas or Elec)
o L _
- ‘
> 4
> .
= 3 Air-Source
1
O >, HeatPump
1




Future Heat Pump
Technology

— CO2 Heat Pumps

Historically Limited to Domestic
Hot Water

High Supply Water Temperatures
Low Ambient Air Operation

Commercial size variable capacity
operation for heating hot water
systems

— Currently at a cost
premium, but can replace
traditional condensing
boilers and non-condensing
boiler systems.

— No upgrade to distribution
and coils

12220407,




Architectural Considerations

COOLING TOWERS

) | ess
. HEAT PUMPS
x " Noise

BOILERS BACKUP BOILERS

DOMESTIC HOT

WATER ROOM DOMESTIC HOT

WATER ROOM

O )
GAS + ELECTRIC Q)
CONNECTIONS " GAS* + ELECTRIC

CONNECTIONS

CHILLERS/

Traditional Boiler + Chiller All Electric HVAC System

WARM + COLD CLIMATES WARM CLIMATE
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Embodied Carbon

Global CO,
Emissions
by Sector

22%

Building Operations Building Materials and Construction
Transportation Industry
m Other




Carbon Balance

EMBODIED EMISSIONS

Refrigerants

Embodied f
Emissions Operational

—_— Emissions
ILFI ZERO CARBON

ILFI ZERO CARBON &
LEED ZERO CARBON /

Emissions

Renewable
Energy

Offsets

Carbon
Sequestration




SCOPE

Embodied Carbon

WHAT IS EMBODIED CARBON?

EMBODIED EMBODIED
@ COQ~\> 7 COQ\
T T_i i
/J\ ' 4y,
N Z 200\ ELe
Z:E ) _D%TTI o= O

EMBODIED

7 COQ\ @ COQ\) @ COQ.\>
T T T

1 & =
W @ Kol S e &

0000

Extract Transport Manufacture Transport Construct
Raw Materials  to Site the
Materials Building

AL [ A2 [AS

PRODUCT

Use

Maintenance Repair Replace

Refurbish Energy Water Demolish Haul Away Recycling Disposal Reuse/
Use Use the Waste Recovery
Building Materials

BEYOND



LEED Whole Building LCA
1,969,282 kgCO. e
33% of Total Carbon

Lessons
Learned

UW TOTAL CARBON STORY

Unexplored Carbon 13%
3,973,640 kgCO.e
67% of Total Carbon 12%
mSfructure mEnclosure Interiors Operational Energy Use Refrigerant MEP  mLandscape

Total Carbon in the System (60 Years)




Refrigera Nts| cLosaL warMING POTENTIAL

4,000

3,000

100 Yr GWP
N
=
S

CARB 1,000
Target
750 GWP

CO2 (R744) is a

natural

refrigerant option

Ammonia (NH3)

Carbon Dioxide
(C02)

Propane

HCFC-123

ARM-70a (A2L)

L41a (A2L)

HFC-245fa

R-410a & R134a are typical
refrigerants in DHW Heat

Pumps
13} N
3 R N S
™M o ! i
0 ¥ i i
1 1
O O O O
L T T L
I T I

HFC-404A

HFC-507A

CFC-502



Refrigera NtS| Leakace ivpact

16

14

12

10

ASHP (R32)

Chiller (R1234ze)

Leakage Range Emissions (tonnesCO,./kW)
Systems Comparison

VRF (R32)

VRF (R410A)

HVRF (R32)

Split System (R32)

WSHP (R152a)

Propane ASHP...



ed Polystyrene (EPS) 4R/inch




ed Polystyrene (EPS) 4R/inch




Total Carbon Emissions by 2050

1,200
Q1,000
o
O
)]
@ 800
o
=
v 600
.
wd
)}
= 400
E —
°
2 200
0
New Code Renovation 1 - Renovation 2 -
Compliant Building Minimum Spray Increased Spray

- VRF Foam, VRF

Foam, AWHP

Operational
Emissions
(2020-2050)

Refrigerant

Insulation

® Interior Finish
Upgrades

Structure,
Foundation,
Enclosure

Renovation 3 - Renovation 4 -
Minimum Sprav Polyiso Boards,
Foam, AWHP AWHP
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% © Challenge to Organizations Across U.S. Economy

S

PIVOT TO LOW
CARBON SOLUTIONS

AVOID
OR USE LESS

SEQUESTER
UNABATED EMISSIONS

Carbon capture
and storage

Electrification
. Renewable energy
'-. Low carbon fuels and feedstocks
% Low GWP refrigerants
Low carbon processes

Resource and energy efficiency

Demand flexibility and grid interactivity




Challenge to
Organizations
Across U.S. Economy

Portfolio-wide reduction in
GHG emissions of at least
50% in 10 years

Reduction includes scope 1 & 2
emissions

No offsets

Baseline up to 5-years back from
join date

Focus on absolute targets

Pursue an energy efficiency target
that will contribute towards the
50% emissions reduction.

Sharing of solutions, barriers, and
innovations

Better Climate
CHALLENGE

U.S. DEPARTMENT OF ENERGY
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CLIMATE ACTION PLAN BUILDING-LEVEL EMISSIONS
OR SUSTAINABILITY PLAN REDUCTION AUDIT
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BUILDING-LEVEL EMISSIONS
REDUCTION AUDIT

CLIMATE ACTION PLAN
OR SUSTAINABILITY PLAN



a GHG Emissions Reduction
S~ g Framework needed?

/"/’
CLIMATE ACTION PLAN PORTFOLIO-LEVEL EMISSIONS BUILDING-LEVEL EMISSIONS
OR SUSTAINABILITY PLAN REDUCTION PLAN (ERP) REDUCTION AUDIT
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Framework for Emissions Reduction Planning

5 MILESTONES

%

[ ] ® [
[=] ® [ ]
® ) ]
@ ® L ]

Milestone 1: Milestone 2: Milestone 3: Milestone 4: Milestone 5:
Establish Inventory Categorize Assess Measures Develop Scenarios Define Emissions
& Scope of Work Portfolio Reduction Plan
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Framework for Emissions Reduction Planning
ONGOING

Milestone 1: Milestone 2: Milestone 3: Milestone 4: Milestone 5:
Establish Inventory Categorize Assess Measures Develop Scenarios Define Emissions
& Scope of Work Portfolio Reduction Plan

Ongoing
Implementation
Revise Plan every 3-5 years
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~Scaling Decarbonization
to the Portfolio-level

% - ) -
- -

GHG
Inventory &
Targets
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\ ~Scaling Decarbonization
to the Portfolio-level

L
-
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Define
Inventory & Characteristics
Targets
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\ ~Scaling Decarbonization
to the Portfolio-level

Categorize
Inventory & Characteristics Portfolio
Targets
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\ ~Scaling Decarbonization
to the Portfolio-level

Categorize Site-level Emissions
Inventory & Characteristics Portfolio Reduction Audits or
Targets Assessments
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\ ~Scaling Decarbonization
to the Portfolio-level

Portfolio-level
assessments

Categorize Site-level Emissions Emissions reduction
Inventory & Characteristics Portfolio Reduction Audits or measures scaled
Targets Assessments across portfolio




Inventory &
Targets

o

~Scaling Decarbonization
to the Portfolio-level

Portfolio-level
assessments

Categorize Site-level Emissions Emissions reduction
Characteristics Portfolio Reduction Audits or measures scaled
Assessments across portfolio

GOAL:
A Portfolio-level plan that’s based on measures tailored to the
types of buildings and plants in the portfolio



Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments

MILESTONE 3

ENERGY
Conservation Measures
(ECMs)

Typical Energy Audit
Scope

Energy Efficiency & Load Reduction

Electrification / EV Charging

Low / No GWP Refrigerants

On-site Renewable Energy




Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments

MILESTONE 3

ENERGY
Conservation Measures
(ECMs)

Typical Energy Audit
Scope

Energy Efficiency & Load Reduction

Electrification / EV Charging

Low / No GWP Refrigerants

On-site Renewable Energy




Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments

MILESTONE 3

ENERGY EMISSIONS
Conservation Measures Reduction Measures
(ECMs) (ERMs)
Typical Energy Audit GHG Emissions Reduction
Scope Audit Scope

T:,%lg Energy Efficiency & Load Reduction

igaad Electrification / EV Charging

e

L~
©)
[

Low / No GWP Refrigerants

E=5  On-site Renewable Energy




Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments

MILESTONE 3

ENERGY EMISSIONS
Conservation Measures Reduction Measures
(ECMs) (ERMs)
Typical Energy Audit GHG Emissions Reduction
Scope Audit Scope

T:,%lg Energy Efficiency & Load Reduction

igaad Electrification / EV Charging

e

L~
©)
[

Low / No GWP Refrigerants

1SS

E=5  On-site Renewable Energy




- Pt
Tasks in an Emissions Reduction Audit

INVENTORY
CATEGORIZE
MEASURES
O . o . F-=====-----
Data Collection and e Analysis and n ' SCENARIOS
Target Setting - Reporting s T mEmEmmETT ‘
(o) é PLAN
On-site Selection and
Inspections Implementation

by Owner







~_Creating
' a b@tter‘,

environment..
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