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Research Questions & Goals

Can we establish a
standardized
methodology to
assess the
resiliency of
proposed
developments in
Oregon, and
provide design
teams with a
method to
evaluate resiliency
implications?



Research Questions & Goals

Can we clearly
assess
(quantify!) the
value of passive
design
strategies for
resiliency
beyond just
energy savings
(i.e., lower
maintenance,
longer lifespan,
improved indoor
environment)?



Research Questions & Goals

To prepare our
building designs
for the future,
we need an
easy way to
assess our local,
future climate.

Create a future
climate
weather data
files for
Portland and
Bend for public
use with energy
modeling
software tools.



Research Questions & Goals

Leverage our
findings to
promote passive
design practice
in Oregon to
improve
Community
Resiliency and
strive for Net
Zero Energy
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Resiliency

...intentional design of buildings, landscapes, communities, and regions in
order to respond to natural and manmade disasters and disturbances - as
well as long-term changes resulting from climate change - including sea level
rise, increased frequency of heat waves, and regional drought

- Resilient Design Institute

... promoting the design of buildings that can maintain temperatures, allow
for light and remain inhabitable for longer periods.

- Energy Trust of Oregon

... ensure that buildings will maintain safe thermal conditions in the event of
an extended power outage or loss of heating fuel

- Passive Survivability (thermal safety)



Study Design

- Test resiliency for design strategies, location, & future climate

Passive Active/Mech
Design Vs Design
Strategies Strategies
Marine Dry
Climate Vs Climate

Past Vs Future




Climate



Climate



Future Climate Files

Future Climate Modeling

 Statistical Models
* Adjust temperature, conform other
properties

« Dynamic Models

« Limited Area, or regional, model
covers a sub-global area, but is driven
at the boundaries by the global model

« WRF - Weather Research and Forecast
Model

https://serc.carleton.edu/eet/envisioningclimatechange
/part_2.html
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Future Climate Files

NCAR - National Center For Atmospheric Research, Boulder CO

* High resolution simulation that permits
convection and resolves at 4 km (2.5
mi) grid spacing over much of North
America using WRF model (domain
shown)

» Pseudo Global Warming approach:
Future not run explicitly. Historical
simulation perturbed at boundaries by
the predicted global change.

 Perturbation from ensemble average
of 19 CMIP5 for rcp8.5 forcing for
period 2071-2100

Rasmussen, R., and C. Liu. 2017. High Resolution WRF Simulations of the Current

* Base perI_Od IS 2000-201 3’ fl,'lture IS . and Future Climate of North America. Research Data Archive at the National Center
same perIOd Wlth pertu rbat|0n d pplled for Atmospheric Research, Computational and Information Systems Laboratory.

https://doi.org/10.5065/D6V40SXP.
CMIP5 = Coupled Model Intercomparison Project Phase 5

RCP8.5 = “High Emissions” Scenario 17



Future Climate Files

WRF > TMY > EPW

 Extract time series point
meteorology from WRF model files

 Derived ‘Modified’ TMY3 analysis.
TMY3 approach using the 13
available years (rather than 30)

« Convert future WRF derived TMY
data to EPW format for energy
modelling
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Future Climate Files

Portland: Current Typical vs. Future Predicted Climate
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Future Climate Files

Portland - Dry Bulb Temperature - January
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Representative Case Study

« A practical design case

« Programmatic constraints
« Community importance

« Repeatability



Representative Case Study

Kellogg Middle School, Portland - Rendering courtesy of Oh Planning & Design
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Kellogg Middle School, Portland - Rendering courtesy of Oh Planning & Design



Building Energy Models

Start with a baseline:

Oregon energy code (OEESC, 2014 > ASHRAE 90.1-2010)
Standard mechanical systems

Two high performance paths:

Passive Design Path _
High Energy

Performance
Active / Mechanical Design Path (Match EUI)




Building Energy Models



Building Energy Models
Oregon Code Baseline




Building Energy Models
Passive Design Strategies

« Passive House Envelope

« High performance glazing

Triple pane, low-e, w/ thermal
breaks/spacers

« Tight envelope

- Additional solar shading

« Daylight, LED lighting w/ controls
« ERV

« Radiant heat w/ High efficiency
condensing boiler



Building Energy Models

Mechanical / Active Design Strategies

Code compliant envelope,
glazing, and air tightness

No solar shading
LED lighting w/ controls

Variable refrigerant flow (VRF)
heat/cool system

High efficiency ERV

High efficiency pumps & ECM
motors



Energy Model - Inputs

Baseline Case

Passive Case

Mechanical Case

Envelope
Typical Exterior Wall 15.0 R-value 35.5 R-value 15.0 R-value
Typical Roof 20.0 R-value 60.0 R-value 20.0 R-value
Gross Window to Wall Ratio 16% 16% 16%

Glazing

U-0.45: All windows

South facing: U-0.14| All other: 0.12

U-0.45: All windows

Glazing (SHGC)

All windows: 0.4

South facing: 0.64 | All other: 0.37

All windows: 0.4

Shading Overhangs
System Level

System Type

None

Packaged VAV w/reheat, Mixed Air

1.5" for all windows and orientations

Packaged VAV with Reheat, 100% OA, Radiant
panels

None

DOAS, 100% OA, gas furnace | Air source VRF
zonal

Main System Fans

Total for System: 78.1 kW

Total for System: 52.6 kW

Total for System: 33.5 kW

HVAC Energy Recovery

None

Sensible: 70% | Latent: 65%

Sensible: 90% | Latent: 70%

Heating

Natural draft hot water boiler

Condensing hot water boiler

System: Gas furnace | Zone: VRF Heat pump

Cooling

DX Cooling | EER9.8

DX Cooling | EER9.8

System: None | Zone: VRF Heat pump

AHU System Type

Packaged VAV w/reheat, Mixed Air

Packaged VAV with Reheat, Mixed Air

Packaged VAV with Reheat, Mixed Air

(gym) System Fans

Total for System: 10.8 kW

Total for System: 7.9 kW

Total for System: 11.1 kW

Plant Level

Space Heating Efficiency

80.0%

92.0%

Energy Recovery None Sensible: 70% | Latent: 65% None
Heating Natural draft hot water boiler Condensing hot water boiler Heat pump
Cooling DX Cooling | EER9.8 DX Cooling | EER11.5 None

Gas Furnace: 80% | VRF: 4.0 COP

DHW Boiler Efficiency

80.0%

80.0%

80.0%

Fixture Flow Rates
Space Level

Equipment Load

Lav: 0.5 gal/min | Shower: 2.5 gal/min

0.5 W/ft2 (classrooms)

Lav: 0.5 gal/min | Shower: 2.5 gal/min

0.5 W/ft2 (classrooms)

Lav: 0.5 gal/min | Shower: 2.5 gal/min

0.5 W/ft2 (classrooms)

Lighting Power Density 1.23 W/ft2 (classrooms) 0.86 W/ft2 (classrooms) 0.86 W/ft2 (classrooms)
Lighting Occupancy Sensors Most spaces Most spaces Most spaces
Lighting Daylight Sensors None None All perimeter spaces - continuous dimming




Energy Model - Portland Benchmarking



Energy Model - Bend Benchmarking






Key Findings

Climate Zone Shift
End-use & Fuel Shift

Passive Design Improves Resiliency
Shift in Design Decisions
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Climate Zone Shift - Portland
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Climate Zone Shift - Portland

Portland

« Today=4C
(mixed marine)

* Future =3A
(warm humid)

3A cities

« Oklahoma City, OK
e Dallas, TX

« Little Rock, AR

* Jackson, Ml

« Atlanta, GA



Climate Zone Shift - Bend



Climate Zone Shift - Bend



Climate Zone Shift - Bend

Bend

- Today =5B
(cool dry)

* Future =4B
(mixed dry)

4B cities
« Albuquerque, NM



Key Findings

End-use & Fuel Shift



End-use & Fuel Shift
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Key Findings

Passive Design Improves Resiliency



Passive Design Improves Resiliency
Portland - Existing - Winter

Risk of Thermal
Stress Below 54°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Portland - Future - Winter

Risk of Thermal
Stress Below 54°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Portland - Existing - Summer

Risk of Thermal
Stress Above 86°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Portland - Future - Summer

Risk of Thermal
Stress Above 86°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Bend - Existing - Winter

Risk of Thermal
Stress Below 54°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Bend - Future - Winter

Risk of Thermal
Stress Below 54°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Bend - Existing - Summer

Risk of Thermal
Stress Above 86°F

Classroom - North Facing - 2"d Storey - 36 occupants



Passive Design Improves Resiliency
Bend - Future - Summer

Risk of Thermal
Stress Above 86°F

Classroom - North Facing - 2"d Storey - 36 occupants



Key Findings

Shift in Design Decisions



Shift in Design Decisions
Heating to Cooling Dominated

Future
climate tips
Portland
from heating
to cooling
dominated



Shift in Design Decisions
Heating to Cooling Dominated

Future climate tips Portland from heating to
cooling dominated

« Changing guidelines & rules of thumb
« Solar Heat Gain Coefficient

« Solar Shading & Thermal Mass

« Envelope Tightness

« Natural Ventilation



Shift in Design Decisions
Heating to Cooling Dominated

And when
should we
start....

NOW.

Interior, FEE

MEP Plant Systems - _
Envelope, IGUs, Sealants -__
Envelope Walls, Roof ___
Structure — '

Space Floor Plans
Site Grading, Landscaping

0 10 20 30 40 50 60 70 80
YEARS

Xe]
o
—
o
o

m Optimal Performance Replacement Period  m Beyond Lifespan






Conclusions / Lessons Learned

« Passive survivability / thermal resiliency
methodology
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Conclusions / Lessons Learned
« Passive survivability / thermal resiliency
methodology
« Future climate files available for Portland and Bend
e Climate zone shifts (HDD, CDD, moisture)
« Climate shift creates end-use and fuel type shift

« Design strategies need to accommodate

Passive design measures:
more resilient in future climate
provide path to net zero



Future Research

Perform life cycle cost/carbon analysis of passive
vs mechanical design approaches

Explore in more depths the impacts of future
climate on system sizing & additional building
design decisions

Explore strategies to provide ventilation for
resilient buildings
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