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Why Decarbonize?



W H Y  D E C A R B O N I Z E ?

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.  



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

Greenhouse Gases| CO2 Equivalent (100 yr GWP)
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Greenhouse Gases| THE IMPACT OF METHANE (NATURAL GAS) LEAKAGE (20 Yr GWP)
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Renewable 
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Refrigerants
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Refrigerants

Embodied 
Emissions

ILFI ZERO CARBON

Carbon Balance| OPERATIONAL CARBON
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US Greenhouse Gas Emissions | NRDC PATHWAY TO 2050
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Washington State Clean Energy Transformation Act (SB 5116, 2019)
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2025: All electric 
utilities must eliminate 
coal-fired generation.



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

0

2

4

6

8

10

12

14

16

18

2020 2030 2035 2040 2045 2050

Em
iss

io
ns

 (M
M

T)

Building Emissions by Fuel Type

Coal Diesel Electricity Natural Gas Other-wood, lpg

2025: All electric utilities must 
eliminate coal-fired generation.

2030: All electric utilities must 
be greenhouse gas neutral. 



Washington State Clean Energy Transformation Act (SB 5116, 2019)
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2045: All electric 
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from renewable or 
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Code Implications



What does 
the Energy 
Code Target?

— Energy efficiency
— Decarbonization
— Electrification
— Demand flexibility

ALIGNS WITH…

— WA Climate Commitment Act (NET-ZERO BY 2050)

— Clean Buildings Act
— Washington 2021 State Energy Strategy 

Source: https://ecology.wa.gov/Air-Climate/Reducing-Greenhouse-Gas-Emissions/Tracking-greenhouse-gases/GHG-inventories



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



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



New Code Adoptions
2021 Washington State Energy Code – March 15th 2024

2021 Seattle Energy Code – July 1st 2024

WSEC
2018 

SEC
+100 changes

WSEC
2021 
SEC



High Impact Energy Code Changes

Space Heating
C403.1.4

Renewable
Energy

C411

Heat Pump 
Domestic 

Water Heating
C404

Energy Efficiency 
and Load 

Management
C406

Building 
Performance

C407

Air 
Leakage

C402.5

Glazed 
Assembly 

Performance
C402.4

Exterior 
Lighting Power 

Allowances
C405



Fossil Fuel 
Compliance Path

OCCUPANCY  
GROUPS

R-1 R-2 B E M OTHER

Baseline Credits 54 41 42 48 74 49

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

Fossil Fuel Compliance Path 
Additional C406 Credits



C406 Washington 
State Energy Code 



C406 with Fossil 
Fuel Heating System



WA Clean Buildings Act



*Standard to be updated July 1, 2029 and every fifth year thereafter.

WA Clean Buildings Act Timeline



How to Comply for Mandatory Requirements

3 OPTIONS FOR COMPLIANCE 

Hitting target EUI Investment CriteriaExemption



Choose Not to Comply?
50,000 ft2 Building pays $80,000

100,000 ft2 Building pays $155,000

150,000 ft2 Building pays $230,000

250,000 ft2 Building pays $380,000

Pay this every 
5 years!



Building Emissions 
Performance 

Standard





Existing Buildings



TEAM MEMBERS

QUICK STATS



419 Occidental
SEATTLE, WA

LEED Platinum Building Built PV Array Stories Historic Renovation

1901 7

OWNER City of Seattle

ARCHITECT SHED Architecture & Design

PROGRAM Commercial

PAE SCOPE Mechanical, Electrical, 
Plumbing

DELIVERY Design Build

SIZE 99,440 sf



419 Occidental



419 Occidental





SCL Vault



SCL Vault



Electrical Service 
Negotiation

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



All-Electric
Technologies



Space 
Heating

Domestic 
Hot Water

Cooking

Space 
Heating

Domestic 
Hot Water

Cooking

Gas Boiler

Gas-Fired 
Water Heater

Gas Oven

VRF

Induction 
Cooking

Water-Source 
Heat Pump

Air-Source
Heat Pump

Convection/ 
Combi Oven

Air-Source
Heat Pump

T R A D I T I O N A L  G A S  F U E L E D E L E C T R I C



Electric InductionElectric ConductionGas

No gas emissions 
from combustion

No gas emissions 
from combustion

Gas emissions 
from combustion

~75% 
Efficiency

~70% 
Efficiency

~40% 
Efficiency

4 minutes to
boil 0.75L water

7 minutes to
boil 0.75L

8 minutes to
boil 0.75L water

Gas vs All-Electric Cooking



Gas Boiler
MAX EFFICIENCY

~96%
Heat Pump
MAX EFFICIENCY

>500%

Gas Boilers vs Heat Pumps



Heat Pump 
Applications

75°F
55°F

Chiller Application | COOLING A SPACE

COEFFICIENT OF 
PERFORMANCE

  3~

80°F

100°F

Outdoor Air

Outdoor Air



Heat Pump 
Application

Heat Pump Application | WARMING A SPACE

COEFFICIENT OF 
PERFORMANCE

  3~

35°F

45°F

70°F

80°F

Outdoor Air

Outdoor Air



Adding 
Geo-Exchange

Geo-Exchange Heat Pump Application | WARMING A SPACE

COEFFICIENT OF 
PERFORMANCE

  4.5~

55°F Ground 
Temperature

65°F 70°F

80°F



Heat Recovery
Heat Recovery Application | SIMULTANEOUS HEATING + COOLING

COEFFICIENT OF 
PERFORMANCE

  7~

75°F
55°F

70°F

80°F



District Systems | ENERGY SYNERGIES



Heat Pump
TECHNOLOGY AND CLIMATE

Air-Source 
Heat Pump

Air-source or Geo-source Heat 

Pump

+ 

Backup Boiler (Gas or Elec)



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



All Electric HVAC System 
WARM CLIMATE

Traditional Boiler + Chiller
WARM + COLD CLIMATES

Architectural Considerations

More 
Noise

Less 
Noise



Whole Life Carbon



Source: UN Environmental Global Status Report 2017

Embodied Carbon 28%

11%

22%

30%

9%

Building Operations Building Materials and Construction
Transportation Industry
Other

Global CO2
Emissions 
by Sector



Refrigerants

Embodied 
Emissions

ILFI ZERO CARBON

Carbon Balance
EMBODIED EMISSIONS

Emissions Offsets

Renewable 
Energy

Carbon 
SequestrationILFI ZERO CARBON &

LEED ZERO CARBON

Operational 
Emissions



Source: New Buildings Institute
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WHAT IS EMBODIED CARBON?



Lessons 
Learned

UW TOTAL CARBON STORY
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R-410a & R134a are typical 
refrigerants in DHW Heat 

Pumps

CO2 (R744) is a 
natural 

refrigerant option

Refrigerants| GLOBAL WARMING POTENTIAL

CARB 
Target 

750 GWP



Refrigerants| LEAKAGE IMPACT
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Building Portfolio 
Strategies



Challenge to Organizations Across U.S. Economy



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



Why is a GHG Emissions Reduction 
Planning Framework needed?

BUILDING-LEVEL EMISSIONS 
REDUCTION AUDIT

CLIMATE ACTION PLAN 
OR SUSTAINABILITY PLAN



Why is a GHG Emissions Reduction 
Planning Framework needed?

BUILDING-LEVEL EMISSIONS 
REDUCTION AUDIT

CLIMATE ACTION PLAN 
OR SUSTAINABILITY PLAN

GAP!



Why is a GHG Emissions Reduction 
Planning Framework needed?

BUILDING-LEVEL EMISSIONS 
REDUCTION AUDIT

CLIMATE ACTION PLAN 
OR SUSTAINABILITY PLAN

PORTFOLIO-LEVEL EMISSIONS 
REDUCTION PLAN (ERP)



Framework for Emissions Reduction Planning
5  M I LESTONES



Framework for Emissions Reduction Planning
ONGOING

Revise Plan every 3-5 years



Scaling Decarbonization 
to the Portfolio-level

GHG 
Inventory & 

Targets
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Scaling Decarbonization 
to the Portfolio-level

GHG 
Inventory & 

Targets

Define
Characteristics

Categorize
Portfolio

Portfolio-level 
assessments

Emissions reduction 
measures scaled 
across portfolio

Site-level Emissions 
Reduction Audits or 

Assessments



Scaling Decarbonization 
to the Portfolio-level

GHG 
Inventory & 

Targets

Define
Characteristics

Categorize
Portfolio

Site-level Emissions 
Reduction Audits or 

Assessments

Emissions reduction 
measures scaled 
across portfolio

Portfolio-level 
assessments

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



Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments 
MILESTONE 3



Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments 
MILESTONE 3



Building-level GHG Emissions Reduction Audits and Portfolio-level Assessments 
MILESTONE 3



Tasks in an Emissions Reduction Audit

INVENTORY     

CATEGORIZE    

MEASURES    

SCENARIOS     

PLAN 



THANK YOU

Questions?



Creating
a better 
environment 

David Mead
ASSOCIATE PRINCIPAL

david.mead@pae-engineers.com

Chelsea Guenette, PE
MECHANICAL ENGINEER

Chelsea.guenette@pae-engineers.com

Tony Marino, PE
ASSOCIATE PRINCIPAL

Tony.marino@pae-engineers.com
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