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Gateway and Catalyst Project
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Catalyst

Climate 
Resilient 
Building

Overarching Goals
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Hub

75-100 Year 
Building

60% Less 
Energy Use
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Embodied 
Carbon
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Organization



Sustainable Strategies



All Electric Building



On-Site Solar



Type 1L in all mixes

Whole Building Life Cycle Analysis



Baseline Pushing Better than Baseline

Type I/II Cement Type 1L Cement

Location
Strength 

(psi)
Project Volume 

(m3)

28 day GWP 
(kg CO2e per 

m3)

28 day GWP 
lowest of range 
(kg CO2e per m3)

28 day %Reduction 
from Baseline 

lowest of range
56 day GWP 

lowest of range
(kg CO2e per m3)

56 day %Reduction 
from Baseline 

lowest of range

Curbs and Pads (plus roof slab) 3,000 37.18 13,609.37 9,714.00 -29% 8,727.84 -36%

Retaining Walls, non-structural 
walls, vehicle barriers 4,000 59.55 26,948.06 17,891.53 -34% 14,569.41 -46%

Slab on Grade 4,000 20.56 9,303.93 6,177.13 -34% 5,030.15 -46%
Foundations, UNO 4,000 338.00 152,950.98 98,162.37 -36% 80,803.60 -47%
Mat Foundations 5,000 1,019.08 565,115.55 364,520.23 -35% 295,959.38 -48%
Precast Stairs 5,000 15.17 8,412.44 5,956.88 -29% 4,877.02 -42%
Post-Tensioned Slabs and Beams 6,000 2,037.51 1,190,111.84 898,676.05 -24% 853,512.77 -28%
Columns, Shear Walls 6,000 758.72 443,169.93 334,646.03 -24% 317,828.28 -28%

-31% -40%

Concrete Carbon Reduction



Concrete Carbon Reduction

=1,088 metric tons
237 typical 
passenger cars 
driven for 1 year



Stormwater Treatment



Native and Resilient Plants



Phius Certification

4x better 
than 
Washington 
State Code 
required EUI
for libraries



Preliminary WUFI and Therm Modeling

Phius 2018+ Certified
27,910 iCFA

Blower Door Test
CFM50 = 0.055
ACH50 = 0.380

4x better than 
Washington State 
Code

Designed to LEED 
Silver Targets
(certification 
waived)



Initial recommendations and refinements to comply:

• Recommend providing a high efficiency ERV (90% sensible recovery)

• Adding insulation can help reduce heading demand
• Incorporate natural ventilation in the summer to reduce the cooling 

demand

• Revise ventilation rates to minimize heating and ensure compliance 

with ASHRAE 62.1

• Revise equipment using Energy Saving mode operation

• Ensure that the Commercial Kitchen is not considered with site energy

• Include PV solar panel renewable energy

Preliminary WUFI and Therm Modeling



WUFI  Passive Results

Current design meets the 
PHIUS+  2018 criteria.

ENERGY PERFORMANCE

Category EUI Status
Annual Heating Demand 

(kBtu/sf)
1.04 Pass

Annual Cooling Demand 
(kBtu/sf)

4.02 Pass

Peak Heating Load (kBtu/hr-sf) 4.37 Pass

Peak Cooling Load (kBtu/hr-sf) 1.62 Pass
Source Energy (kBtu/sf) 31.69 Pass

Site Energy (kBtu/sf) 11.32 n/a

Revised WUFI



A3

A3 #  Title Proposer Date/Rev. Collaborators Status Approved By:
M-1 Mechanical System Options S. Boucher 6/23/2021 G. Smith Submitted for review O. Jarvegren

Section 1 - Definition & Background Information Section 5 - Key considerations

This A3 presents three options for heating and cooling at the Mt. Vernon Library.
Below is a comparison of each option and how it ranks in relevant categories.

Section 2 - The Dedicated Outdoor Air Unit (DOAS) Unit
2018 Washington State Energy Code (WSEC) Section C403.6 requires outdoor air to be provided to office buildings by a dedicated
outdoor air system (DOAS) with energy recovery, unless the overall system includes a high-efficiency VAV system. Code-compliant options 
for this project are:

Category DOAS + Mini Split DOAS + VRF DOAS + Air to Water 
Heat Pump

1) DOAS with Energy Recovery - Outdoor air is preconditioned from an exhausted airstream. In some cases, additional cooling or heating 
is required to precondition the air.

2) High Efficiency VAV System - Complies with 2018 WSEC Section C403.6.1. Air is supplied through a central air handling unit to zones 
which are controlled by variable air volume boxes (VAVs). A complex control system is required to modulate airflow in each space.

Options 1 to 3 below include DOAS with heat recovery for ventilation. The purpose of a DOAS system is to deliver conditioned outdoor air 
directly to each occupied zone. A DOAS unit is centrally located and is typically smaller than a similar conventional HVAC unit. DOAS 
handles outdoor air only. It has 15-25% the volume of a conventional system, so DOAS ducts are much smaller.

Recommendation: FSi's recommendation is to proceed with a DOAS with energy recovery. The high efficiency VAV system is far more 
complex to design and operate than a DOAS unit with energy recovery.

First Cost

Maintenance Cost 

Energy Efficiency

Complexity

Lower Medium Higher

Medium Lower Higher

Lower Medium Higher

Lower Medium Higher

Lower Higher HigherSection 3 - Option descriptions Expandability

Option 1 - DOAS with heat recovery and mini split systems.
Options 1 includes a DOAS unit with ventilation all components housed in one cabinet, typically 
placed on the roof, including a fixed plate heat recovery section with supplemental direct expansion 
cooling and electric heat. Supply and return fans move ventilation air to and from the unit to each 
space. Outdoor air is heated to room temperature (approx. 70 degrees) in the winter and can be 
cooled to room temperature in the summer.

Section 6 - Advantages & Disadvantages

System Advantages Disadvantages
Space heating and cooling is provided with indoor air handling units, wall or ceiling mounted fan coil 
units connected to several condensing units via copper piping. Each indoor unit will have a 
corresponding outdoor unit. The condensing units are located in an outdoor location free from 
obstructions allowing airflow over the units to allow for heating or cooling.

Option 1
DOAS with heat recovery 
and mini split systems

• Lowest first cost
• Simple system to operate
• Easy to maintain, maintenance can be performed by most 
service technicians
• Controls can be stand alone and simple to install
• Simultaneous heating and cooling

• Lowest energy efficiency
• No free cooling (only partial cooling 
with outdoor air)
• Multiple components leading to 
multiple possible points of failure
• Large amount of copper piping 
presents possibility for refrigerant 
leaks. Additional monitoring will be 
required to ensure refrigerant does 
not accumulate in spaces if a leak is 
present.

Option 2 - DOAS with heat recovery and VRF
Options 2 includes a DOAS unit with ventilation all components housed in one cabinet, typically 
placed on the roof, including a fixed plate heat recovery section with supplemental direct expansion 
cooling and electric heat. Supply and return fans move ventilation air to and from the unit to each 
space. Outdoor air is heated to room temperature (approx 70 degrees) in the winter and can be 
cooled to room temperature in the summer.

Space heating and cooling is provided with indoor air handling units, wall, or ceiling mounted fan coil 
units connected to a VRF condenser located in an outdoor location. This is essentially a large 
condensing unit with multiple compressors. The condensing unit is connected to each indoor unit 
through refrigerant piping. Using a series of valves the condensing unit sends refrigerant to each 
zone requiring conditioning. The VRF system also has the benefit of energy recovery between zones. 
The system can move heat from one room that is calling for cooling and route it to a room calling for 
heating.

Option 2
DOAS with VRF

• Simple system to operate
• Higher energy efficiency with potential for heat recovery
• Controls can be stand alone and simple to install
• Simultaneous heating and cooling
• Ability to heat and cool DOAS unit with central system
• Smaller footprint than option 1

• Maintenance can only be performed
by licensed service technicians
• No free cooling (only partial cooling 
with outdoor air)
• Large amount of refrigerant required 
for the system
• Large amount of copper piping 
presents possibility for refrigerant 
leaks. Additional monitoring will be 
required to ensure refrigerant does 
not accumulate in spaces if a leak is 
present.

Option 3 - DOAS with heat recovery and Air to Water Heat Pump
Option 3 includes a DOAS unit with all components housed in one cabinet, typically placed on the 
roof, including a fixed plate heat recovery section with supplemental direct expansion cooling and 
electric heat. Because this option includes hydronic heating and cooling the DOAS air can be 
tempered by the air to water heat pump. Supply and return fans move ventilation air to and from the 
unit to each space. Outdoor air is heated to room temperature (approx. 70 degrees) in the winter and 
can be cooled to room temperature in the summer.

Space heating and cooling is provided by an air to water heat pump. The air to water heat pump is 
usually located in an outdoor location then piped into a mechanical room. This system works similar 
to a condensing unit but instead uses water supplied by pumps to move hot or cold water to different 
zones that are conditioned by fan coil units. An air to water heat pump is a very efficient system that 
also requires a back up electric boiler on very cold days.

Option 3 • Highest energy efficiency
DOAS with Air to Water • Lowest carbon footprint
Heat Pump • Can be used for domestic water heating

• Hydronic systems have proved to be reliable with proper 
maintenance
• Ability to heat and cool DOAS unit with central system
• Ability to customize controls to suit the building an occupants
• Best thermal comfort control for occupants
• Best system modulation

• Highest first cost
• More complex system requiring 
knowledgeable service techs
• Outdoor units are required to defrost 
with colder temps, requiring more 
equipment
• Additional electric back up boiler 
required
• Hydronic systems require a 
mechanical room to house equipment 
in addition to outdoor units
• Larger footprint of mechanical 
equipment

Section 4 - Energy and Cost Metric Comparisons

Option 1, DOAS with heat recovery and mini split systems - lowest energy efficiency and first cost of the three options.

Option 2, DOAS with heat recovery and VRF - medium energy efficiency and medium first cost of the three options.

Option 3, DOAS with heat recovery and air to water heat pump - highest energy efficiency and highest first cost of the three options.

Preliminary System Options Analysis



Systems Options Analysis

Owner’s 
Choice

Highest First Cost

Highest Efficiency

Lowest Carbon Footprint



Systems Options Analysis

Owner 
Choice

2-pipe versus 4-pipe

Lower First Cost
($250,000-$300,000 less)

Not as great 
an energy 
savings

Not as great 
a carbon 
reduction



• Heating & Cooling: Air-to-Water Heat Pumps and FCU’s
• Ventilation: DOAS with Heat Recovery
• Domestic HW: Electric Heat Pump Water Heater

Mechanical Systems



DOAS-1 with Heat Recovery - Library



DOAS-2 with Heat Recovery - Commons



DOAS Units & Intake/Exhaust Ducts



Air to Water Heat Pumps

• Air to Water - HP Efficiency

 17 & 65 Degrees Ambient
• Cooling EER – 15.16 EER
• Heating COP – 2.011 W/W

 21 & 75 Degrees Ambient
• Cooling EER – 12.95 EER
• Heating COP – 2.221 W/W

 27 & 85 Degrees Ambient
• Cooling EER – 11.40 EER
• Heating COP – 2.358 W/W

 37 & 90 Degrees Ambient
• Cooling EER – 10.68 EER
• Heating COP – 2.724 W/W

 47 & 95 Degrees Ambient
• Cooling EER – 10.01 EER
• Heating COP – 3.218 W/W

 IPLV.IP 0.6378 kW/Ton



Air to Water Heat Pumps



Heat Pump Water Heaters / Mechanical Room

COP = 4.2



Heat Pump Water Heaters / Consolidated Plumbing

COP = 4.2



TAB/Commissioning



Indoor Temperatures



Duct Air Leakage Testing



• Thermally isolated unistrut to carry hanging equipment and stud 
wall framing below Thermal Envelope

Installation Coordination



• HVAC, Lighting, Piping, etc hung from Unistrut

Installation Coordination 



From Vision to Reality



Modeling vs Safety Factors



Trust the Science



First Year of Operation



First Year of Operation



First Year of Operation



Questions?



Thank You!

Julie Blazek, AIA LEED AP, CPHC®

HKP Architects
jblazek@hkpa.com

Ola Jarvegren 
Fsi Engineers
Olaj@fsi-engineers.com

mailto:jblazek@hkpa.com
mailto:Olaj@fsi-engineers.com
mailto:Olaj@fsi-engineers.com
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Appendix Slides



CONTINUOUS 
UNDERSLAB RIGID 
INSULATION BOARD

CAPILLARY BREAK 

SOIL IMPROVEMENTS

TYPICAL PASSIVE HOUSE SLAB-ON-GRADE FLOOR (R-20)

FINISH FLOOR 

CONCRETE
SLAB-ON-GRADE

CONTINUOUS 
UNDERSLAB VAPOR 
RETARDER

Envelope:  Floors



AIR GAP

CONTINUOUS SEMI-RIGID 
MINERAL WOOL 
INSULATION BOARD

AWRB

EXTERIOR SHEATHING

TYPICAL EXTERIOR PASSIVE HOUSE WALL (R-46.6)

BRICK VENEER

METAL STUD FRAMING

“SMART” VAPOR BARRIER 

SERVICE CAVITY

GYPSUM WALL BOARD

FIBERGLASS BATT 
INSULATION

• Rockwool Plant Strike and Shutdown
• Revised Interior Batt to Fiberglass
• Revised WUFI Model

Envelope:  Walls



FIBERGLASS BATT 
INSULATION

“SMART” VAPOR 
BARRIER

TYPICAL PASSIVE HOUSE CEILING AT GARAGE SLAB (R-57.6)

TRAFFIC COATING

POST-TENSIONED 
CONCRETE SLAB

CONTINUOUS SEMI-RIGID 
MINERAL WOOL 
INSULATION BOARD

• Two areas where insulation needed to be reduced to 
fit mechanical

• Revised WUFI Model

Envelope: “Roof”
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