OHSU “Center for Health & Healing”

Located in South Waterfront, the Center for Health and Healing is a Platinum LEED-
registered high rise that supports a variety of medical uses for OHSU throughout its
16-stories. The most innovative feature is a membrane bioreactor that captures, treats
and reuses all of the building’s estimated 15,000-gallons of daily wastewater for toi-
let flushing, cooling tower makeup and irrigation -- virtually eliminating the building’s
wastewater contribution to the municipal sewer system. This is the first use of this tech-
nology for this building type on the West Coast.

Project Highlights

Rainwater, groundwater & wastewater treatment & use

Brownfield redevelopment

Combined heat and power gas microturbines
Photovoltaic panels
Solar water heating

Local and recycled materials
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PROJECT INFORMATION

Name of Primary Contact: Renée Worme

Company or Organization: Gerding Edlen Development Company
Address: 1120 NW Couch St., #600

City, State & Zip: Portland, OR 97209

Phone: (503)299-6000

Fax: (503)299-6703

E-mail: renee.worme@gerdingedlen.com

Project Details

Project Name: OHSU River Block One

Project Owner: RIMCO, LLC

Project Address: 3303 SW Bond St.

City, State, ZIP: Portland, OR 97220

Directions to Site: South Waterfront district, just south of the Ross Island Bridge
Date Project Started: April 2004

Date of Completion: October 2006

Design and Construction Team

Architect or Designer: GBD Architects

Developer: Gerding Edlen Development

General Contractor: Hoffman Construction Co.

Landscape Architect: Walker Macy

Structural Engineer: KPFF

Civil Engineer: Otak, Inc.

Mechanical/Electrical Engineer: Interface Engineering
Environmental Building Consultant: Brightworks Northwest, LLC
Energy Modeler: Interface Engineering

Building Details

. New construction on a Brownfield site

16-story mixed-use building

400,000 sq. ft.

3-story underground parking garage with 500 spaces

Eight levels for physician practices, surgery, and imaging
Three floors house a comprehensive health and wellness center
Four levels are dedicated to educational an research activities
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. Ground floor retail, including an optical shop, pharmacy, and cafe

Innovative Green Technologies & Sustainable Practices

Reduced site disturbance (protect and restore open space)
= Environmentally appropriate landscaping including native and drought tolerant
species.
= The green spaces of South Waterfront are designed to be safe, enjoyable places
where people can actively engage or passively enjoy nature. Innovative landscape
design allows both habitat creation and human enjoyment of the riverbank.
Promontory viewing platforms offer great views of the river and the city as well.

Stormwater management
= Rainwater and groundwater collection and treatment for irrigation; water
closet/urinal flushing, cooling tower makeup water and high pressure for
microturbine inlet cooling.
= 100% of wastewater treated onsite with a Membrane Bio-reactor.
= Eco-roofs and use of bioswales and green streets contribute to over 50% reduction in
stormwater runoff from the site.

Brownfield redevelopment
= Several phases of environmental investigation were conducted on the site including
soil exploration and groundwater sampling; the horizontal infrastructure phase
included remediation.

Landscape and exterior design to reduce heat islands

= 20,000 sq. ft. green roof (more than 50% of the total roof area) for stormwater
management, rainwater harvesting and temperature moderation also providing some
wildlife habitat in a dense urban environment.

= Parking for patients is provided in underground garage (more than 50% of spaces).

Erosion control
= Project follows City of Portland local standard exceeding EPA’s Storm Water
Management for Construction Activities.

Air quality monitoring
= Building flush-out prior to completion to eliminate contaminants in the air stream
=  CO2 monitoring throughout the building.

Low-emitting materials
= Use of low-toxicity materials including low-VOC paints, adhesives and sealants,
carpets and interior finishes to prevent persistent off-gassing

Indoor chemical and pollutant control
= Janitorial closets are independently ventilated and isolated.
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Walk-off mats at building entries reduce indoor air pollutants.

Water efficient landscaping

Captured rainwater used for landscape irrigation means no potable water is used to
meet irrigation needs. Overall water used for irrigation is reduced due to the use of
many native and adaptive species.

Water use reduction

Water conserving low-flow/ultra low-flow fixtures, sinks and showerheads that
contribute to 40% less water use than a base building.

Innovative wastewater technologies

On-site wastewater treatment with treated water used for non-potable needs. One
hundred percent of the wastewater from the building is treated by this membrane
bioreactor.

The membrane bioreactor is a wastewater treatment system that uses membrane
cartridges instead of gravity as a physical barrier to separate the effluent from the
biomass or remaining sludge material. Once all of the wastewater is treated by the
system, the effluent will be used as grey water for toilet flushing, cooling tower
make-up water in the central utility plant and on-site irrigation. The bioreactor treats
15,000 gallons of waste and sends only 400 gallons to the sewer.

The bio-swale and the building’s eco-roofs treat all of the stormwater runoft for the
site, thereby alleviating the need for any storm sewer connection. For all non-potable
water use in the building, rainwater is used first, bioreactor water second and
groundwater last. Metering occurs at various points in the water reclamation system
to provide feedback on quantities used.

Onptimize energy performance

The building’s final energy model documents more than a 60% energy savings over
code. This achievement was accomplished by combining many innovative and
integrated mechanical design strategies some of which are summarized here:

Central utility plant with microturbines and heat recovery provides onsite power
generation and domestic water pre-heat and a high-efficiency variable flow primary
chilled water system.

Five, 60 kW natural gas microturbines are located in the central plant that serves the
building. Roughly one-third of the electricity used by the building is generated from
the combined heat and power microturbines alone. All building heating and
domestic water pre-heat is provided from a solar collector/trombe wall located on
the two upper floors of the building, recovered process heat and the low-emission
microturbines.

Variable air volume (VAV) air handlers and variable frequency drives (VFDs).
Radiant heating/cooling with decoupled displacement ventilation at atrium and
lobby using rain/ground water and high quality microturbine recovered heat. (The
first floor radiant slab stores as much heat as a 3,000 gallon storage tank).

Passive heating and natural ventilation/cooling of stair enclosures.
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= Demand controlled ventilation, economizers for "free cooling" using outside air and
lab make-up air reuse from building economizer relief.

= Displacement ventilation at cove exam/office areas for reduction of space
containment concentrations, elimination of reheat energy, and individual room
control of airflow for fine tuned temperature control. Displacement ventilation does
not require air to be as cool as a traditional ventilation system, 55" versus 60" or
more, therefore reducing the energy required to keep the room at a comfortable
temperature.

* Added wall and floor insulation and high-efficiency glazing.

= Pool air/water dehumidification heat recovery.

= Additional building commissioning to verify and ensure that the entire building is
designed, constructed, and calibrated to operate as intended.

= CFC Reduction in HVAC&R Equipment.

Lighting Efficiency

= Energy-efficient lighting fixtures and controls; daylighting of waiting areas, medical
offices, examination rooms and research laboratories and occupancy sensor based
lab hood exhaust/make-up air control for unoccupied energy reduction.

=  Multi-lamp high bays in the athletic club tied to daylighting controls switch down
lighting levels as natural lighting becomes sufficient.

= Perimeter offices with occupancy sensors have a daylighting control activated
keeping room lighting off whenever there is sufficient natural light.

= Occupancy sensors in stairwells switch lighting on and off to follow an occupant up
or down allowing the lighting to stay on for the minimum time needed for egress.

Renewable Energy
= 60 kW photovoltaic panels integrated into sunshades on building’s south-facing
facade, producing approximately 66,000 kWh annually. The sunshades that support
the array save roughly as much electricity as the PV panels produce.
= Solar collector for hot water preheat, passive solar heating and double envelope
reduction of heat loss. This system is designed as a trombe wall, a unique two-story
double envelope solar air collector located on the 15™ and 16™ floors of the building.

Local materials use
» Locally and regionally sourced materials (within 500 miles) to reduce the environmental
impact of transportation. The materials include concrete, masonry, paint and wood products
among others.

Materials with recycled content, salvaged and rapidly renewable materials
= Use of high percentages of recycled content and more than 50% use of certified wood products
from Forest Stewardship Council (FSC) certified forests.

Construction and operations waste reduction
= QOverall construction waste recycling of approximately 95% achieved throughout the project.

Storage & Collection of Recyclables
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* Interior recycling and sorting facilities for occupants.

Green Venders & Suppliers Used

Wall insulation: Thermafiber, supplied and installed by Benson Industries LLC
Floor insulation: THERMAX Sheathing — Dow

Low-flow fixtures: Danze, Chicago Faucets, Elkay, Sloan

Fan powered VAV: Trane

Occupancy sensors: PCI Lighting Control Systems

Chilled beam cooling system: Air Commodities, Inc installed by Temp Control Mechanical
Stairwell natural ventilation: Ruskin, Belimo

Radiant heating/cooling: Wirsbo, PACO

Wood trim (100% FSC certified): Architectural Millwork

Linear wood ceiling (100% FSC certified): 9Wood

Gym Floor (100% FSC certified): Robbins Sports Surfaces
Plyform (100% FSC certified): Shelter products

Structural steel (58% post-consumer, 10% post-industrial): Fought
Rebar (58% post-consumer, 29% post-industrial): Condor Rebar
Carpet tile (38% post-industrial): Rubenstein’s

Fly ash concrete (5% post-industrial): Glacier

Aggregate: Morse Bros.

Shotcrete: Glacier

Casework: Woodstalk installed by JS Perrott

Agri-Core doors: BMS

Forbo Marmoleum: Rubenstein’s

Subfloor: Roseburg Forest Products

Skyblend particleboard: Roseburg Forest Products

Paint: Miller, PPG

Project Costs
Site Cost: $425,000
Due Diligence: $67,500
Permits: $1.2 million
System Development Charge: ($600,000)
Construction Hard Costs: $71 million
Construction Soft Costs: $8.8 million
Tenant Improvements: $45.6 million
LEED Costs: $200,000

Total: $150 million

Project Cost by Green Technology

Double fan VAV: $161,500

Fan powered VAV: $85,125

Hot water use reduction: $89,165
Chilled beams: $86,250

Chiller heat recovery: $140,000
High efficiency boiler: $70,000
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» Membrane Bioreactor wastewater treatment system: $950,000
» PV Sunshades: $500,000

» Central Utility Plant: $2.6 million

» Solar Collector (trombe wall): $420,000

Financial Savings & Benefits

Incentives and tax credits
=  Oregon Business Energy Tax Credit (BETC): $801,000 based on LEED platinum certification
» Oregon BETC for Solar PV system: $128,000
*  Oregon Energy Trust: $221,000 based on energy modeling
* Oregon Energy Trust: $100,000 for microturbines
* Oregon Energy Trust: $187,000 for Solar PV system
* Federal tax credit (EPACT): $56,000 for Solar PV system
» Federal tax credit (EPACT): $60,000 for microturbines

Highlighted cost reductions
» Eliminated return air ducts and replaced with air plenums: $1,160,000
* Pre-cooling the building mass overnight allowed for a reduction in size of the HVAC system:
$400,000
* Reducing the size of the central air handling units with fan-wall technology: $210,000
» Interior atrium smoke control and garage exhaust fans: $180,000
» Variable-flow primary chiller instead and a primary-secondary loop system: $175,000
* Projected total operational cost savings from energy measures: $528,959

Environmental Benefits
* Annual or Modeled Energy Savings (beyond code): 50,677,166 kBTU
= Annual CO2 Emissions Savings: 213,915 lbs CO2 (based on energy savings only)
* Annual Water Savings: 50%
» Construction Waste Diversion (% and by weight): 98.71%; 1145.95 Recycled Tons
* Annual Reduced Stormwater Runoff: 50%
» Enhanced Habitat (amount of restored or new): 20,000 sq ft eco-roof

Community Benefits

As one of the most energy efficient, environmentally responsible buildings of its type, the Center for Health
and Healing sets a very high standard for the South Waterfront district and the City. It has already garnered
international recognition for many of its innovative features. Along with providing a pleasant environment
for the building’s users, one of the many goals of the project was for the building to reduce its water
consumption and use drastically less carbon as a result of energy efficiency and sustainable design choices.
The Center for Health and Healing has achieved that goal by going above and beyond standard code
requirements and both the community and the environment have reaped the benefits. For example, the
amount of energy saved is equivalent to taking more than 425 cars off of the road each year. The on site
stormwater management system also means a cleaner river.

Design & Construction
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Truly the product of an integrated design approach, the building targeted a 60% reduction in energy
consumption and a 50% reduction in water consumption. Both objectives were met while keeping project
costs at market rates.

Pre-Design

An in-depth eco-charrette was developed to launch the project. This proved key to achieving the project’s
many aggressive objectives:

*  60% energy savings at no cost increase

*  50% water savings with a 5-9 year payback

= Successful integration of client specified program requirements

Design

Able to hang onto initial objectives as design progressed because of team flexibility and sense of a common
focus

Construction
Integration of construction team into all phases of design was critical to the project’s success

Operation and Maintenance

The building has not been in operation long enough to evaluate this category. Currently, the building is
undergoing commissioning, which is a third party verification process to ensure that the entire building is
designed, constructed, and calibrated to operate as intended. Commissioning is very complex and
challenging, yet absolutely critical to project success.

Building Certification

OHSU River Block One is currently under review by the USGBC. The building is slated to achieve a LEED
Platinum certification by early 2007.

Lessons Learned
* Only an integrated design approach can achieve these kinds of results
» The size and complexity of the project grew as design progressed due to client added scope
= Many of the green features can easily be replicated in other projects
» Building integrated PV’s
» Combined Heating and Cooling Plant (CHP)
» Waste water reclamation (membrane bioreactor - MBR)
» The most challenging code issues were with the MBR
» State and local permits
» Sludge discharge to the City sewer
» Reduction in sewer discharge fees
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Executive Summary

This report presents the results of an energy analyses conducted for the design
of OHSU River Campus Building One. The building is 16 stories above
ground with 3 below grade parking levels. The project’s area is a little over
500,000 square feet including the parking levels, of which about 77%, 382,619
square feet, is conditioned space. The building program spaces include a mix of
medical, office, laboratory, retail, and fitness activity occupancies.

This report provides information on anticipated energy savings from a variety of
designed energy efficiency measures, noted as EEMs in this report. Results of
this analysis will be used to asses energy saving incentives offered by the
Energy Trust of Oregon’s (ETO) New Building Efficiency Program.

The baseline energy model meets the minimum requirements of the 1999
Oregon Energy Code and the envelope values comply with the Simplified Trade-
Off Approach of the Oregon Office of Energy. The energy efficiency measures in
all cases are evaluated against this “code” baseline model.

The primary energy modeling was eQuest building energy simulation software,
based on the DOE 2.2 simulation engine. Forty-seven energy saving measures
were initially evaluated for this energy analysis. Twenty-nine were selected for
application to ETO’s New Building Efficiency Program and thus included in the
final Interactive model. The majority of the EEM’s were evaluated as eQuest
models. Several EEM’s deemed inappropriate to the eQuest format were
evaluated using hand calculations. The following table compares annual energy
consumption, and costs of the code Baseline model to the Interactive model
(including only EEM’s pertinent to ETO).

Overall energy usage, costs, and pollutant emissions results of the “Interactive”
model incorporate major features integrated into the current design. The
Interactive Model of energy efficiency measures, including both building
simulation output and spreadsheet calculations, showed annual energy
savings of ~46%, with energy cost savings of ~40%, relative to the code
Baseline. These savings, are summarized in Table A.

OHSU River Campus Building One PA200312003-0348 09\ENERGY\T! Models\Reporti2003-0348-BIk25-Report-Final
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able A Summary of Baseline &, Final Interactive Models. Eneray and Cost

EUI Total Total Energy
Electricity Total Energy Energy Electricity Cos Total Energy Cosi Cost

Model Description TkWh/vrl Fuel [Themns kRTLN IkBTU/saft-vrl I$vrl Fuel Cost [$/vrl %l [$/5aft-url
Code Baseline 12,673,254 661,765 109,430,300 286 $ 776,919 $ 561,061 $ 1,337,980 $ 350
Final Interactive- No 9,764,047 313260 64,650,694 16¢ § 603704 § 265640 $  869.34400 $ 227

Hand Calcs
Final Interactive-
Including All Hand 9.450.483 264,986 58,753,134 154 § 584,317 § 224,705 $§ 809,021 $ 211
Calcs
Total Margin of Savings 3,222,771 39677¢ 5067716¢ $ 192,602 $ 336,356 $ 528,959

In comparison to other similar sized facilities in the local area (see the Energy
Information Administration’s (EIA) 2003 Commercial Buildings Energy
Consumption Survey (CBECS)) it is apparent that this project’s energy
conservation and efficiency will be noteworthy.

OHSU River Campus Building One P:\200312003-0348.09\ENERGY\T| Models\Report12003-0348-BIk25-Report-Final
ETOdoc
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Section I. Project Narrative
a. Facility Description

This energy analyses is based on the
design for OHSU River Campus Building
One. The 500,000 square foot building
will be located in the southwest
Macadam Waterfront development in
Portland, Oregon which is in Oregon
Energy Code Climate Zone 1.

The building is 16 stories above ground
and 3 below grade parking levels. The
project’s area includes the parking levels,
of which about 387,812 square feet, is
conditioned space. The building program
spaces include a mix of medical, office,
laboratory, retail, and fitness activity
occupancies.

b. Energy Modeling Process

Methodology

The energy analyses of OHSU River Campus Building One were performed
using accepted standard engineering calculation procedures and eQUEST
version 3.35 building energy simulation software, based on the DOE 2.2
simulation engine. The simulation “engine” within eQUEST is derived from
DOE-2, however, eQUEST’s engine extends and expands DOE-2’s capabilities
in several important ways to make energy modeling more user friendly. This
includes: interactive operation, dynamic/intelligent defaults, and
improvements to numerous long-standing shortcomings of DOE-2.

DOE 2.2 is the latest microcomputer version of DOE-2, the mainframe energy
consumption simulation program jointly developed by Lawrence Berkeley
Laboratory and Los Alamos National Laboratory for the U.S. Department of
Energy. DOE-2 is a program designed to determine the energy consumption
behavior of proposed and existing buildings utilizing an hour-by-hour
simulation procedure.

Although every attempt has been made to model the actual building conditions
that will exist when construction is complete, and while DOE-2 is generally
accepted as the most accurate energy simulation program available, the
predicted energy consumption should not be interpreted as an absolute
prediction of the actual usage. Actual conditions may differ from the original
assumptions due to unpredictable variables such as changes in occupancy

OHSU River Campus Building One P:200312003-0348 09\ENERGYATI Models\Reporti2003-0348-BIk25-Report-Final
ETO doc
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schedules, equipment selection and installation, building construction and
operation, and weather variations from a typical year.

Modeling of the Energy Efficiency Measures

A computer model (baseline) was first developed from design plans and
specifications and interviews with the design team. This model was then
checked for compliance with the State of Oregon Non-Residential Energy Code.

To evaluate each EEM, a copy of the Baseline model is modified according to
the design data specific to that EEM. For example, to evaluate a glazing
measure, the baseline glass thermal and shading data (U-value and shade
coefficient) would be replaced by data specific to the proposed glass. The energy
consumption and cost results for this measure are then compared with the
baseline results to determine the energy savings associated with this particular
option. This process may be iterated several times in order to determine the
most cost effective glazing option.

Once each identified EEM is evaluated, the cost-effective measures are
combined into a unique model and analyzed separately to account for the effect
of interactions occurring between individual measures. These results are then
presented to the building owner for selection of EEMs to be implemented.

Economics

The cost-effectiveness of all energy efficiency measures were evaluated by using
a simple payback analysis. Simple payback indicates how many years it will
take to recover the capital cost of installing an EEM by the predicted annual
energy cost savings, in today’s dollars.

C.
Summary

Computer modeling is used to evaluate the relative performance of selected
design features under typical operation. To assess savings, a “Baseline” model
was developed from design plans and current building and energy codes to
provide a basis for comparison to the EEMs. A “Baseline” model was used to
establish a particular level of performance typical of the building being
analyzed without the effects of EEMs included in the final design. Thus the
baseline is used as a basis for comparing the relative performance of
subsequent EEM models:

e The code “Baseline” model represents a design that complies with
the applicable (presently superceded) building and energy codes in
force at the time permit was obtained in this case (Oregon Uniform

OHSU River Campus Building One P:1200312003-0348 09\ENERGYATI Models\Report\2003-0348-BIk25-Report-Final
ETO doc
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d.

Building Code, 1997 Chapter 13, Energy Conservation). This Baseline
is used as the reference point for measuring energy savings due to EEMs
for evaluation of savings and possible incentives. This Code Baseline
model was based on the 1999 Oregon Non-Residential Energy Code but
updated with the final design’s geometry and assemblies with thermal
properties and equipment efficiencies that comply with this code in force.

The “Interactive Model” simulated the interactions of all EEMs and
relevant design features documented in the drawings, specifications and
addenda to be issued for construction bids.

Energy Efficiency Measures Included in Interactive Model

The following table summarizes the characteristics of the EEMs and building
features incorporated in the final design, and thus the Interactive Model.

OHSU River Campus Building One

ETO doc

Tahle Ba -Section 1, part O

ummary of FEEVs

EM Iype

FEMI1-Argon Gas flled ghzing.

EEM3-R21 Wall lsubation

EEVM-R60 Foor hsulalion

FEMS-Revolving Entry Door br alrum
FRM6-LEED DHW Reduction

ERMS - Energy Eficient DHW Boiler-Hend Caic
EEMI0 - CO Controlled Garage Fan
EEM12-Demand Control Ventilation
ERM13-HW Boiler Hficiency - Hend Cdle
EBEM14-Fan Powered VAV

BEM15-Retail Economizer

EM16-Premam Efficiency Motors
M17-Variabk Fow Heating Water

7M1 8-Lab Fihaust Runaround Coil
EM20-Lab HVAC Occupancy Sensors
EEM21-Occupancy Sensors Control ofLighling
FEM22-Emergency Lighting Sweep O F
EEM23-Efficient Garage Lighting
FEM24-Daytighting w/On-0 ff Sensors
FEM25-Lab Minimum O SA Reuse
FIEM26 - Doubk Fan VAVDisplacement Ventilaiton

ERM27 - Chiller Hed Recovery - Had Cale

January 13, 2005

echniea Notes

Add argon gas to gazing, Uo= 0 395, SC= 0405, V= 0 608
R-21 BattIns between 2x6 @ 16n o ¢ (R=74) Bmdkd wih BEM 34,5,

Add 7" additional XPS insulation to 12" cavty in fioor (R= 60) Bundled with EEM 34,5

Switch double doors at entry to sngle revolving door at entry Attrium Infl= 0 57 cfin/sqf Bundkd with BEM
34,5

FHD 43 92% reducton in HW Load (exchides HW @ public lvs). DHW bad = 11 18gpm
Premium efficency DHIV Boder. 93% thermd efficiency

Reduced 0 24 cfin/sqf Bxhaust schedule to match building occupancy.

Mmn OSA schedule (podium, gym and retail) varies w/ oceupancy. Absohite Min OA = 1/3 ASHRAE/design
alues Absolute Min OA Gvm = 2000 cin

High efficiency HIV boiler. 95% (1 05 rano)

Change to Bin powered boxes with BCM motors.

Air-sde economtzer br 1st foor refall areas,

Premium e ficiency motors br AHUS and pumps

Changs to variable speed pump

Add Heat Exchanger fom Lab exhaust to lab make-up air

During o foperatmg hrs reduce conddioning to one zone fill operation, other zones 4 ACH min
Reduce IPD to 5-15% per SEED modeling puidelnes br areas with oceupancy sensors

Reduce IPD to 0% between 1-4am

Reduos LPD to 0 13 W/2 for parking arcas.

Daylighting with on/offsensors Daylighting zone depth equal to 2 tmes window height Sensor placed n middie

»fzone Zone fracton b an area weighled % oftotal foar area,

Bxcess bulding arr 8 recycled br lab make-up ar
Separate AHUs Hr interior and exterior zones and displacement ventilation to eliminate reheat

Recover heat from pool and ekechical roums using hed recovery chiller io supplement DHIT,

ITO Application Track

High Performance
High Performance
High Perbrmance

High Performance

High Performance
High Perbormance
High Performance
High Performance
High Performance
High Perormance
High Performance
High Performance
High Perbrmance
High Perrmance
High Performance
High Performance
High Perbbrmance
High Perbrmance
High Perbrmance
High Perbrmance

High Performance
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Bb -Section 1 part D

ERM28-Low Pressure Arr Fiters/Fanwall Low Ar Pressure Drop Fiters/ Soundtrap Bmination High Performance
FAMBS-Chilled Beam Chiled Water Beam High Perbrmance
FPEM36-Naturally Ventihted Starwels Change starwell cooling to natural ventilation High Perbrmance
EFM39 - Radiant Cooling 15t Hoor Lobby - Hand Cale Groundwder / Ravder cooling of Ist floor radiant skl High Performance
EEM 43- Energy Efficient Transformers - Hand Cde This measure determines the energy swings fom unlizing energy efficient transformers High Performmce
FEEV47-Dual Bank Exam Lights Reduce LPD for P typ fixtures 25% ofoccupied hrs High Perormangce

This mewiae determines the potential energy savings utifzing two 2000 aup busways a 208/120 volts instead
fone 2000 anp busway at 480/277 voks with distributed iransformers.

Fuergy efficient light sources such as T3, T8 and compact fuorescent limps with ekectronic ballast were sekcted
or the design  Incandescent ghis were avided

EEM# 48: 208-volt riser - Hand Cede High Performance

EEM # 49: Optimized Lighting Design- Hand Cale Standard

€. Energy Effficiency Measures Applied Under Separate Programs

The following EEMs are to be installed in this project but are not analyzed in
the report since they are presented in separate applications.

50kW Photovokaic Array Renewable Energy

300kW Microturbines Separate Application

solar Collector Renewable Energy

Jigh Efficiency Chilled Water Plant Separate Application
OHSU River Campus Building One P:(200312003-0348 09\ENERGY\T| Models\Report\2003-0348-BIk25-Report-Final
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Section II. Baseline Model

Energy Code Baseline Model Input Description

The following information outlines the baseline building modeling assumptions
for OHSU River Campus Building One. The 500,000 square foot building will
be located in the southwest Macadam Waterfront development in Portland,
Oregon. Portland is in Oregon Energy Code Climate Zone 1.

The Oregon Energy Code was used to establish the baseline construction
values according to the State of Oregon Non-Residential Energy Code which is
a 1999 revision of the 1997 Uniform Building Code Chapter 13. The
prescriptive compliance energy code values were used where appropriate.

Building Envelope

Roof Type: All Areas 3/8in Built-up roofing, 5 inches smooth skin expanded
polystyrene
(1.8 Ib/ft® R-25), 4in heavy weight concrete
Wall Type: All Areas - 1/4in Spandrel Glass, Vertical Air Layer <4in, Building Paper
Seal, 6”

Batt insulation between Steel Stud Frame 2x6 @ 16in o.c. (R-19
degraded to R-7), 5/8in Gypsum board

Floor Type:  Ground Floor 6in heavy weight concrete, 5 inches smooth skin expanded
polystyrene (1.8 1b/ft3 R-25), 4in heavy weight concrete

Exposed Floor 1/2in Stone, building paper seal, 5 inches smooth skin expanded
polystyrene (1.8 Ib/ft® R-25), 4in heavy weight concrete, carpet no

pad
Glass Type: All Areas 1” Low E Clear Window in thermally broken aluminum frame
Component Oregon Energy STA Baseline Sq. Ft.
Code
Roof R-19 R-25 34.110
Wall R-13 R-19 89,456
Floor R-11 R-25 34.127
Windows* U=0.37 U=0.43** 75,517
SC=0.35 SC=0.41**
Percent Glazing 40%*** 46%

Table 4, Building Envelope Summary

*Window u-values are overall u-values including frame.
**Window values are from Benson Industries testing of a typical glazing sample with framing.
***Prescriptive Path max. is 40%. The baseline model used the as-designed %.
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Occupancy Schedule

The occupancy schedules reflect the program uses and operation hours as
specified by the tenants. This varies from a standard work week in the office
areas to 24-hour operation on the Laboratory floors (13th and 14th). The
occupancy schedules are summarized in Table 5 by listing the hours with any
significant occupancy (= 20% occupied). The lobby areas are under the Medical,
Office and Retail schedule with reduced occupancy outside the standard
business hours.

Occupancy/Area Mon- Sat Sun
Fri
a p a p a p
m m m m m m
Medical Offices, Retail, 7 8 8 8
Lobbv
Wellness, Pools, Gym 6 9 6 9 6 9
Laboratories* 7 6 8 5 8 5
Surgerv 7 8 8 8
Administration 7 6

Table 5, Hours of significant operation.

*Laboratories mechanical systems are in full 24 hour operation year round.
The occupancy is projected to be fairly low outside the above hours (£ 10%
occupied).

Zoning

The building is modeled by dividing the areas into zones based on HVAC
loading conditions, such as perimeter offices with windows, interior office
space, data/telecom spaces, or spaces with special load conditions. The zones
in the podium levels (floors 1-4) vary due to their unique characteristics. The
pool areas for example have higher thermostat settings, outside air, and
humidification requirements. Floors 5-12 are generally zoned the same with
only minor zone additions for specialized spaces. The zoning pattern for these
floors generally follows the pattern of shallow perimeter zones for each building
orientation surrounding a core zone that is made up of primarily exam rooms,
office spaces and circulation space. The lab floors are generally divided in half
along the corridor dividing the large open laboratory space to the south from
the secondary lobby and support spaces to the north. The open laboratory area
is further subdivided into seven areas for purposes of modeling EEMs in that
area. Floors 15 and 16 follow similar zoning to floors 5-12 with the exception of
the central zone on 16 being further subdivided to account for the enclosed but
unconditioned mechanical spaces on the floor above. There are 331 zones in
total, including plenum and the unconditioned zones of the parking garage and
mechanical spaces.

OHSU River Campus Building One P:1200312003-0348.09\ENERGY\TI Models\Report\2003-0348-BIk25-Report-Final
ETO doc

January 13, 2005 Page- 8



HVAC system

Variable Air Volume (VAV) and Single Zone Reheat (SZRH) systems serve the
majority of the spaces within the baseline model with the exception of fan coils
that service the naturally ventilated stairwell areas. A smaller VAV system
serves some areas in the podium levels of floors 1-4. The second larger system
serves floors 4-12 and floors 15 and 16. This VAV has been broken into two
VAV systems serving perimeter and interior spaces separately, so as to
accommodate the modeling of EEM 26.

The lab floors are served by a single zone reheat system with 100% OSA that
runs 24 hours a day. The pool areas are served by their own dehumidification
unit. A second SZ serves the open lobby areas including the atrium. A third SZ
serves the Retail spaces. A fourth the two level gym area.

Two air-cooled, electric chillers (minimum COP = 2.8) supply the HVAC
systems with chilled water. A heating water boiler plant supplies heating water
in the same manner via a hot water loop. The chillers and boiler have
appropriate efficiencies as detailed in the 1999 Oregon Energy Code Tables 13-
G and 13-J respectively.

HVAC Schedule

The HVAC system is modeled to operate during any occupied hours and to turn
on during any hours requiring heating or cooling within a space during
unoccupied hours. Fans in the laboratory areas run continuously 24 hours a
day.

Ventilation

Outside air ventilation varies by space occupancy or according to design
values. In general the min requirement matches that of a standard office,
20cfm/person at a density of 145sqft/person. Table 7, summarizes the
ventilation requirements and baseline model values.

(See the following table)
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System Baseline Notes:

Min OSA

VAV Floors 1- 10,775 cfm ASHRAE Req’d OSA varies.

3 Ratio adjusted for multiple
spaces served by one
system.

VAV Floors 4- 34,090 cfm Req’d cfm varies. System has

16 Exterior a set 33% Min OSA ratio, for

Spaces medical use.

VAV Floors 4- 42,575 cfm

16 Interior

Spaces

SZRH Retail 947 cfm 20 cfm/saft, ASHRAE 62.2

SZRH Pools 5.044 cfm 0.5cfm/saft. ASHRAE 62.2

FCW nj/a

Stairwell

FC E Stairwell n/a

SZ Labs 100% SA Laboratories require 100%
OSA

SZ Gym 2,860 cfm 20 cfm/person ASHRAE
62.2

SZ Lobby 2,330 cfm 15-20 cfm/person, ASHRAE
62.2

Lighting

The primary lighting power densities (LPD) are 1.2 W/sqft, the 2001 OEC
Group B value for offices, and banks under 15 feet tall, and 1.5 W/sqft which
is the Group I value for institutional occupancies including hospitals, clinics,
and exam rooms.

Miscellaneous Equipment

Office areas are modeled with a miscellaneous equipment load of 0.75 W/sqft.
The clinic areas have miscellaneous equipment loads of 1.0 W/sqft. The small
exam rooms each have a computer in them bumping their equipment loads up
to 3.0 W/sqft. The other spaces range from 0.1 (storage areas) to 0.25 W /sqft
(circulation areas) to 0.5 W /sqft (reduced office equipment use).

Domestic Water Heater

The Energy Code Baseline model incorporates a 78% efficient tank-type
domestic water heater fueled with natural gas and an entering water
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temperature of 55°, compliant with the 2001 Oregon Amendments to 1997
UBC 1315.1.

Energy Costs
The new facility will be served by Portland General Electric according to rate
schedule 83, Standard Offer Service Large Nonresidential, for electricity and by

NW Natural Gas according to rate schedule 3, Basic Firm Sales Service, for
natural gas. Effective charges are listed below:

PGE Schedule 83 - Effective for service on and after February 5, 2003

Basic Charge — Three Phase Service $25.00 / month
Transmission and Related Services $0.78 / kW
Distribution Charges
Facility Capacity $2.27 | kW
Monthly Demand
first 30 kW $0.56 | kW
over 30 kW $1.89 / kW

Energy Charge Secondary Voltage >1,000
kW Capacity

On-Peak Period* $0.04507 / kWh
Off-Peak Period $0.03743 / kWh
System Usage Charge $0.00485 / kWh

*Peak hours are between 6:00 a.m. and 10:00 p.m. Monday through Saturday.
Off peak hours are between 10:00 p.m. and 6:00 a.m. Monday through
Saturday and all day Sunday.

NW Natural Gas Schedule 3 — Effective for service on and after October 1, 2003

Basic Charge $8.00 / month
Commercial Usage Charge $0.84768 / therm
Standby Charge $10.00 x MHDV of standby/freeze

protection equip.
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b. Energy Code Baseline Energy Use

The pie chart and bar chart that follow show the relative proportions of annual
energy consumption of the Baseline model over a typical weather year.

Baseline Model

Total Energy Consumption

Misc. Equip

Ext. Usage
2%

Pumps & Aux.
4%

Vent. Fans
6%

OHSU River Campus Building One

ETO doc
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Area Lights

9%

Space Cool

14%

Space Heat
54%
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c. Baseline Model Energy Consumption Benchmarks

The following figure shows the frequency distribution of energy use indices for
similar buildings in the 972xx zip code drawn from Lawrence Berkeley
Laboratory’s ARCH energy benchmarking tool, which provides a summary of
records in US EIA CBECS and US EPA Energy Star building databases.

Health Care Energy Use Comparison
Energy Code

Baseline Model:
286 kBTU/(sfyr.)

Frequency (%)
2 B 3 &

P2 E B B e B B R e B
PP RIGEEE I PR ER T R R B
Enemyy Use Index {kbtuft2year)

=
«

This graph is of site energy. Floor Area = 382,619 square feet, so buildings with areas between:
191,310 and 765,238 are used. The number of buildings on this graph is 13.

LEGEND
Bar Data # of bldgs For further information:
Color Source
Commercial Buildings Energy Consumption
CBECS 13 Survey.

Source :ARCH Building Energy Reference Tool. http/poet.lbl.gov/cgi-bin/arch20.csh

The preceding graph illustrates the energy performance of the baseline in
relation to other similar use buildings in the area. The EUI index is

representative of a typical combination-use health care facility of modern
construction.
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Section III. Energy Efficiency Measure Modeling

a. Individual EEMS (Used in the Interactive)

Forty-seven energy efficiency measures were analyzed. Twenty-nine measures
were deemed acceptable per ETO New Building Efficiency Program benefit to
cost ratio (BCR) requirements. A summary of each EEM compared to the
baseline follows.
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EEM #1: Argon Gas Filled Glazing
EEM Description

This EEM evaluates the use of Argon gas in the cavity of the standard
building glazing. The standard glazing used in the baseline model is
Viracon VE1-2M #2 without any Argon gas in the cavity between the
panes of glass. Benson Industries ran NFRC model tests of the design
glazing and frame for a standard 120 inch by 76 inch glazing panel. The
resulting overall performance values for the configuration are:

Glazing Frame Uo SC SHG
C
Baseline Viracon VE 1- 2M Aluminum 0.43 0.40 0.35
model #2 Thermally 2 8 5
Broken
EEM 1 Viracon VE 1 - Aluminum 0.39 0.40 0.35
model 2M #2 (w/Argon  Thermally 5 5 2
Gas) Broken

Incremental Installation Cost

The incremental cost is strictly for the addition of the argon gas. Estimated
increased cost per Interface Engineering and GBD Architects is $18,000.

Savings

The projected energy savings are due primarily to the reduced space heating
requirements. This is a result of reduced heat loss through the additionally
insulated glazing. Secondary effects include additional savings in fan and
pump energy due to reduced heating. There was a slight increase in space
cooling as well.

Energy Savings Cost Savings
Arnudal
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. $ Savings. § $ Years
3.09¢ 473C $§ 263047 $ 25542 $ 18,000.00 6

Life Expectancy

Per input from Viracon's technical department, Viracon expects argon filled
units to lose approximately 1% of argon gas per year thru the hermetic edge
seal. For example Viracon expects an argon filled unit that has a 0.250 U value
to increase to a 0.255 U value after 10 years.

Note that Viracon "expects" this dissipation rate as no historical data exists for
verification. Studies are underway to determine the long term effects on U
values for argon filled units and results will be available in 3 to 4 years.
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EEM #3: R-21 Wall Insulation

EEM Description

This measure determines the energy savings from adding additional insulation
to the wall construction. Increasing the density of the 5.5 inches of batt
insulation raises the nominal insulation value from R-19 to R-21. Because the
insulation fills the cavity between 2x6 steel stud framing at 16” o.c., the
effective R values are degraded to R=7.1 for the R-19 baseline model and R=7.4
for the R-21 EEM model.

Incremental Installation Cost

Costs for this measure are the incremental cost of using higher insulation
values. Costs are from RS Means’ Costworks ver. 8.0 software utilizing 2004
Cost Data for Portland OR. Costs used include labor, overhead, and profit.
Costs are adjusted linearly where an exact match doesn’t occur.

Cost / ft2 Area (ft?) Costs
EEM R-21 $0.73 X 165,685 = $120,309
Baseline R-19  $0.69 X 165,685 = $114,323
Total: $5,986

Savings

The energy savings result from reducing heat gains and losses from those of
the baseline R-19 insulated wall. Primary heating and cooling energy is
reduced as well as pumping and fan

Enerayv Savinas Cost Savinas
Annual Annudl
Annual Gas Electricty Electricty Incremental Simple
Savings, Savings, Annual Gas Savings, Cost, Payback,
therm kWh Savinags., § $ $ Years
372 93t § 316.13 % 46./5 »  D.YBL.4/ 16.£

Life Expectancy

30 years
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EEM #4: R-60 Floor Insulation

EEM Description

This measure determines the energy savings from adding additional insulation
to the ground floor construction. The baseline floor insulation is 5 inches of
expanded polystyrene and the EEM’s added 7 inches of insulation will fill the
remaining volume in the 12 inch floor cavity between the first floor and the
underground parking level. This increases the effective insulation value from R-
25 to R-60.

Incremental Installation Cost

Costs for this measure are the incremental cost of using higher insulation
values. Costs are from RS Means’ Costworks ver. 8.0 software utilizing 2004
Cost Data for Portland OR. Costs used include labor, overhead, and profit.
Costs are adjusted linearly where an exact match doesn’t occur.

Cost / Area Costs
ft2 (ft2)
EEM R-21 $2.47 X 29,604 = $73,122
Baseline $2.27 X 29,640 = $67,201
R-19
Total: $5,920
Savings

The energy savings result from reducing heat losses from those of the baseline
R-25 insulated floor. Primary heating energy is reduced as well as pumping
and fan energy while there is a small increase in cooling energy.

Energy Savings Cost Savinas
Annual Annudail
Annual Gas Electricty Electricty Incremental Simple
Savings, Savings, Annual Gas Savings, Cost, Payback,
therm kWh Savinas. | $ $ Years
76¢ -1,63: § 65093 § (8165 v 5H.Y2U.80 10.4

*Increases in demand and space cooling energy have offset reductions in pump
and fan energy.

Life Expectancy
25 years
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EEM #5: Revolving Entry Door

EEM Description

This measure determines the energy savings from utilizing a revolving vestibule
door as a point of entry rather than a standard pair of double entry doors as
used elsewhere in the design. This EEM is modeled by simulating reduced
infiltration due to the revolving doors in place of the double doors that lead into
the north side of the 6,566 ft? atrium space on the first floor. From a standard
Carrier System design manual the assumed infiltration rates are 49.5 cfm / {t2
for a pair of framed glass doors and 17.3 cfm / ft2 for a framed revolving glass
door vestibule. The standard wall construction and window infiltration rates
apply in each model, but the effective overall infiltration into the space is
dependent on the area weighted contribution of each type of door.

Incremental Installation Cost

Costs for this measure are the incremental cost of using a revolving vestibule
door instead of a standard pair of double doors similar to those found
elsewhere in the design. Estimated increased cost per Hoffman Construction is
$12,650.

Savings

The energy savings stem primarily from reduced heating loads as a result of
reduced infiltration.

Enerav Savinas Cost Savinas
Annudl Annual
Annual Gas Electricty Electricty  Incremental Simple
Savings, Savings, Annual Gas Savings, Cost, Payback,
therm kWh Savinas. ¢ $ $ Years
76¢ 311¢ § 649.36 § 156.95 § 12,650.00 151

Life Expectancy

30 years
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EEM #6: LEED DHW Reduction

EEM Description

This measure determines the energy savings from the installation of
consumption reducing domestic hot water measures. The model reduction was
taken from the most recent LEED calculations for DHW savings, 19,527 GPD
to 10,950 GPD or approximately 44% (Scott Holum, Interface Engineering). The
equivalent DHW load was reduced from 19.93 GPM (baseline) to 11.18 GPM
(EEM) over the same DHW schedule for each model.

Incremental Installation Cost

Costs for this measure are the incremental cost of the consumption reducing
devices over the baseline cost. Costs are supplied by Scott Holum, Mechanical
Designer Interface Engineering.

Measure Quanti Increment Incremen
ty al tal Cost
Cost/meas
ure
Lavatory (Exam Aerator 181 X $5 = $ 905
Sink)
Sink, Typical Aerator 125 X $5 = $ 625
Sink, Lab Aerator 40 X $5 = $ 200
Lavatory Aerator & Sensor 157 X $550 = $ 86,350
Shower, general Low Flow Head 2 X $40 = $ 80
Shower, fitness Low Flow Head 12 X $60 = $ 720
Urinal Low Flow Flush 19 X $15 = $ 285
Valve
Total: $ 89,165
Savings
The energy savings result solely from reductions in water heating energy.
Energy Savings Cost Savinas
Annuai Annuai
Annual Gas Electricty Electricty  Incremental Simple
Savings, Savings, Annual Gas Savings, Cost, Payback,
therm kWh Savinas. § $ $ Years
18.07¢ $ 15364.88 % $ 89,165.00 5¢
Life
Expectancy
20 years
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EEM #8: Energy Efficient DHW Boiler

EEM Description

This measure determines the energy savings from utilizing the actual specified
energy efficient domestic hot water boiler instead of the code baseline boiler.
The code baseline DHW boiler has a heat input ratio of 1.28 or 78% efficient as
specified in the 2001 Oregon Energy table 13-N. The EEM boiler is premium
efficiency with a heat input ratio of 1.05 (95% efficient).

Incremental Installation Cost

Costs for this measure are based on the incremental cost of the premium
efficiency boiler over the standard efficiency code compliant boiler. Costs are
from historical data.

Quantity Cost /Unit Cost
EEM Prem Eff DHW 2 X $36,500 = $73,000
Boiler
Baseline Std Eff 2 X $19,000 = $38,000
DHWBoiler
Cost Differance: $ 35,000
Savings

The energy savings are solely a result of the reduced water heating energy
consumed by the more efficient DHW boiler.

Enerav Savinas Cost Savinas
Annuail
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, § Savinas. § $ Years
5,08¢ $ 432480 $ 35,000.00 81

Life Expectancy
20 Years
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EEM #10: Reduced Garage Fan Energy

EEM Description

This measure determines the energy savings from reducing the required
ventilation rate for the parking garage by utilizing CO control to reduce
ventilation fan operating hours. The baseline required supply is 1cfm / ft2 and
the EEM required supply per ASHRAE calculations is 0.24 cfm / ft2. The
required fan energy for the baseline model is 87 kW (117hp) running
continuous 24 hours a day. In eQUEST this 87kW load is entered as an
exterior direct load on the electrical meter running over a 24 hour/day, 365
days/year schedule. The reduction in required ventilation creates the following
load:

0.24 cfm / ft2 * 257,700 ft2 = 61,848 - Fan power = 75 hp = 55.93 kW load

The CO sensor is simulated by having the fan power throttle up or down with
maximum active automobile density within the garage. This automobile
density is assumed to follow the maximum building occupancy from all the
model’s occupancy schedules. LE. if the maximum occupancy during a given
hour in the building is 90% then the garage ventilation fans run at 90%
during the same time period within the model.

Incremental Installation Cost

Costs for this measure are based on the cost of the CO sensing equipment.

Quantity Cost Cost
/equip
CO sensors 15 X $2,000 $30,000
installed /comissioned
Total: $
30,000
Savings
The savings are due to a reduction in fan energy.
Enerav Savinas Cost Savinas
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, $ Savinags, $ $ Years
( 507,097 s $ 27383.02 $ 30,000.00 1.1

Life Expectancy
15 Years
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EEM #12;: Demand Control Ventilation

EEM Description

This measure determines the energy savings from adding CO2z sensors within
the lobby, retail, and gymnasium areas. One of eQUEST’s limitations is that it
does not model COg, so the EEM is simulated by varying the amount of outside
air (OSA) with the level of occupancy within the spaces. This assumes an
immediate increases or decreases in COz related to an increase or decrease in
occupancy within the space. In actuality there will be some lag time in the
change in CO3 level as related to the change in occupant density.

In eQUEST the min OSA schedule of the designated spaces are varied to follow
the occupancy schedule. So during an hour with 75% occupancy, the min OSA
is 75% of the ASHRAE 62 recommended min OSA level. The absolute min OSA
level is set to 1/3 of the ASHRAE value, as it is in accepted engineering
practice. Additionally the Gym absolute min OSA is set to not fall below 2000
cfm per the building’s mechanical design.

Incremental Installation Cost

Costs for this measure are the costs for CO2 sensors, wiring, and associated
controls. Costs are from RS Means’ Costworks ver. 8.0 software utilizing 2004
Cost Data for Portland OR. Costs used include labor, overhead, and profit.
Costs are adjusted linearly where an exact match doesn’t occur.

Quantity Cost Cost
/equip
Sensors 5 X $1,500 = $7,500

Savings

The dominant energy savings occur in space heating energy because of reduced
min OSA in the control spaces. There are subsequent reductions in ventilation
fan and pump energy. There is a minor increase in space cooling due to the
fact that the mechanical system servicing the retail spaces has no economizer
in this model (see EEM 15) and thus cannot utilize outside air above the min
OSA to reduce the space cooling load.

Enerqy Savings Cost Savings
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. §¢ Savinas. $ $ Years
3,21¢ -2.041 & 273267 $ (11021 $ 7.,500.00 2¢

*See description above. Space cooling energy increase is greater than reductions in fan and pump energy.

Life Expectancy

20+ years
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EEM #13: Premium Efficiency Hot Water Boiler

EEM Description

This measure determines the energy savings from utilizing a premium
efficiency hot water boiler instead of the code required minimum efficiency
boiler. By 1999 Oregon Energy Code Table 13-J the baseline minimum
efficiency for a gas-fired boiler with loads = 300,000 Btu /hr and < 2,500,000
Btu/hr is 75 %. The efficiency input into eQUEST is as a heat input ratio of
1/0.75 = 1.33. The EEM’s boiler efficiency is 95% or a heat input ratio of 1.05.

Incremental Installation Cost

The cost for this measure is the incremental cost of premium efficiency boilers
from that of the baseline min code efficient boilers. The design cost estimate is
supplied by Interface Engineering.

Quantity Cost /Unit Cost

EEM Prem Eff 4 X $36,500 = $146,000
Boiler

Baseline Std Eff 4 X $19,000 = $76,000
Boiler

Cost $ 70,000

Difference:

Savings

The energy savings result entirely from reduced space heating energy as a
result of the more efficient boiler.

Energy Savings Cost Savinas
Annuai
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. $ Savings, § $ Years
21,68¢ $ 1843055 % $ 70,000.00 3.8

Life Expectancy

20 years
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EEM #14: Fan Powered VAV w/ ECM Motors

EEM Description

This measure determines the energy savings from using fan powered Variable
Air Volume systems (VAV), also known as Powered Induction Units (PIU),
instead of a standard VAV Reheat terminal system. In the baseline eQUEST
model the systems affected by this EEM are AH-4 (services floors 1-3 with the
exception of the pool, gymnasium, lobby, and retail areas) and AH-1 (services
the exterior spaces of floors 4-16 with the exception of the lab areas on floors
13 & 14). The fan powered terminal units also utilize electronically commutated
motors (ECM).

Incremental Installation Cost
The cost for this measure is the incremental cost of the addition of the power

induction units from that of the baseline VAV systems. The added cost is
$70,000 as supplied by Interface Engineering and RS Means.

Quantity Cost /Unit Cost
EEM Fan Power Boxes w/ ECM 89 X $10,125 = $901,125
Baseline Terminal Units w/ 89 X $9,169 = $816,000
reheat
Cost $ 85,125
Difference:
Savings

The energy savings result primarily from recovering lost lighting heat in the
return air plenum during heating season and reduced cooling and heating

requirements due to recirculation of pre-tempered air form the space when
appropriate.

Eneray Savinas Cost Savinas
Annuai
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, § Savings, $ $ Years
30,08¢ zss, 2ot $ 2557514 § 12,866.47 $ 85,125.00 2.2

Life Expectancy

20 years
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EEM #15: Retail Economizer

EEM Description

This measure determines the energy savings from adding an air-side
economizer to the system servicing the retail areas on the first floor of the
building. The baseline model has no air-side economizer, and the outside

dampers are fixed to provide the necessary outside air. The EEM switches the
economizer on and sets the dry bulb high limit to 65 °F. This is the temperature

at which the outside air damper of the economizer returns to a minimum
position.

Incremental Installation Cost

Quantity Cost / Cost
unit
Air-side 3 X $1,100 = $3,300
Economizer
Savings

The energy savings result from significant reductions in the space cooling
energy.

Energy Savings Cost Savinas
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savings, § $ Years
-1C 6,58¢ $ (843 § 356675 $ 3,300.00 9¢

Life Expectancy

20+ years
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EEM #16: Premium Efficiency Motors

EEM Description

This measure determines the energy savings from switching to premium
efficiency motors for the pumps and the air handing unit fans. Summary of

EEM motor efficiency changes:

Motor Code Baseline EEM Premium
Motors
Efficiency Fan Efficiency Fan
kW /cfm kW /cfm

Pumps
HW Loop Pump 91 % n/a 92 % n/a

Fans

VAV Floors 1-3 90 % 0.001507 92 % 0.001479
VAV Floors 4-16 93 % 0.001121 95 % 0.001098
SZRH Retail 88 % 0.002278 92 % 0.002181
SZRH Pools 89 % 0.000999 93 % 0.000960
FC W Stairwell 88 % 0.001035 92 % 0.000995
FC E Stairwell 88 % 0.001185 92 % 0.001139
SZRH Labs 92 % 0.001036 95 % 0.001007
SZRH Gym 88 % 0.001139 92 % 0.001094
SZRH Lobbyv 88 % 0.001213 92 % 0.001098

Incremental Installation Cost

Costs for this measure are the incremental cost of premium efficiency motors
over standard or average efficiency motors. Costs are from a study titled Cost
Estimating Guidelines by Linda Chung and Associates and adjusted for inflation
from the time of the study. Costs are adjusted linearly where an exact match

doesn’t occur.

System Baseli

ne
Pumps
HW Loop Pump $
1055
Supply Fans
VAV Floors 1-3 $
6801
VAV Floors 4-16 $
8592
SZRH Retail $
1055
SZRH Pools 3
1425

OHSU River Campus Building One
ETO doc
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EEM Incremen
tal

$ 219
836

$ $ 1041
5760

$ $ 1316
7276

$ $ 219
836

$ $ 252
1173

P:\200312003-0348 09\ENERGY\T| Models\Report\2003-0348-BIk25-Report-Final

Page- 26



FC W Stairwell $ $ $ 241
1226 985

FC E Stairwell $ $ $ 241
1226 985

SZRH Labs $ $ $ 446
3933 3487

SZRH Gym $ $ $ 241
1226 985

SZRH Lobby $ $ $ 219
1055 836

Return Fans

VAV Floors 1-3 $ $ $ 562
4284 3722

VAV Floors 4-16 $ $ $ 1316
8592 7276

SZRH Gym 3 $ $ 219
1055 836

Savings

Both fan energy and pump energy show savings due to the improved motor
efficiencies.

Enerav Savinas Cost Savinas
Alnudal
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, § Savings, ¢ $ Years
C 60.91¢ $ $ 328946 § 653224 2(

Life Expectancy

20 years
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EEM #17: Variable Flow Heating Water

EEM Description

This measure determines the energy savings from changing the heating water
pump from constant volume to variable speed. The input variable in eQUEST is
Capacity Control in the Basic Specifications menu for the HW Loop Pump. The
baseline value is ONE-SPEED-PUMP in which the pump rides its curve as the
flow varies. The EEM value is VAR-SPEED-PUMP in which the pump has a
variable frequency drive.

Incremental Installation Cost

Costs for this measure are the incremental cost of the variable frequency drive.
Costs are from RS Means’ Costworks ver. 8.0 software utilizing 2004 Cost Data
for Portland OR. Costs used include labor, overhead, and profit. Costs are
adjusted linearly where an exact match doesn’t occur.

Quanti Cost / unit Cost
ty
EEM VFD 2 X $4,100 = $ 8,200
Baseline 2 X $2,725 = $5,450

Cv
Cost $ 2,750
Difference:

Savings

There are energy cost savings as a result from a reduction in electrical pump
energy. A marked increase in space heating energy increases total energy.

Energy Savings Cost Savings
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas, $ Savinas. ¢ $ Years
-6.Ub2 99,907 $ (515251 § 539498 § 2.750.00 11.C

Life Expectancy

20 years
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EEM #18: Lab Exhaust Runaround Coil

EEM Description

This measure determines the energy savings from adding exhaust heat
recovery to the lab HVAC system. In eQUEST the lab HVAC system RECOVER-
EXHAUST setting is set to “Yes”. The runaround coil recovers the exhaust heat
and transfers it to preheat/precool the outside air.

Incremental Installation Cost

Costs for this measure are the cost of the exhaust runaround coil. Costs are
from Interface Engineering.

Additional Costs
Equipment
Coils 96x60, 48x60 $
15,000
Coils 96x60 $
9000
Pump/piping $
13,000
Controls $ 4,000
Total: $
41,000
Savings

The energy savings result from savings in space heating energy and pump
energy somewhat offset by a large increase in space cooling energy and
ventilation fan energy.

Enerav Savinas Cost Savinas
Annuai
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savinas. $ $ Years
98 454 -466,40€ $ 83,686.12 $ (2518592 § 41,000.00 Ui

Life Expectancy

20 + years
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EEM #20: Lab HVAC Occupancy Sensors

EEM Description

This measure determines the energy savings from HVAC switching occupancy
sensors in the lab areas. In the baseline model the HVAC systems serving the
lab zones run at 100% OSA all hours of the day throughout the year. The lab
areas on the 13th and 14t floors are subdivided into seven control zones
matching the buildings structural bays and mechanical systems. For the EEM
model during unoccupied periods , zones are reduced to a minimum ventilation
rate of 4 ACH and setback the t-stats to 65°F/heating and 78°F/cooling. When
a zone becomes occupied the system brings the associated zone HVAC system
back up to the full occupied ventilation rate of 14 ACH and standard t-stat
setpoints.

To simulate this EEM in eQUEST we will assume that all the lab HVAC systems
will run at full capacity during regularly occupied hours 6am to 9pm M-F and
7am to 4pm on the weekends. Outside these hours we assume there will be an
average of one of the seven zones occupied. This zone is the zone with highest
loads as shown in output from the baseline model. It will run under the
standard baseline ventilation schedule. The other six zones on each floor run
under a modified ventilation schedule of 4 ACH during unoccupied hours.

Incremental Installation Cost
Costs for this measure are added cost of the occupancy sensors and associated
HVAC controls. Costs are provided by Interface Engineering.

Quantity Cost Cost
/equip
DDC Programming per zone 14 X $700 = $9,800
OCC Sensors per zone 14 X $150 = $2,100
Total: $
11,900
Savings
The energy savings result from reducing OSA levels to minimal acceptable
levels thus in and heating result.
Energy Savings Cost Savinas
Annuai
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, ¢ Savinas., § $ Years
42,09¢ 49,22 $ 3577956 $ 265799 $ 11,900.00 0:

Life Expectancy

15+ years
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EEM #21: Occupancy Sensors Control of Lighting

EEM Description

This measure determines the energy savings from using occupancy sensors to
switch off area lighting when a space is unoccupied. Per the SEED modeling
guidelines we can assume a 5 or 15% adjustment factor in lighting power
density when occupancy sensors are used. The determining factor is whether
the space has an office occupancy or greater than 2000 ft2 then it is a 5%
adjustment factor. All other areas and occupancies are subject to a 15%
reduction. For example, if the hourly lighting schedule indicates 50% of peak
connected lighting load in a 300 ft2 exam room the guidelines allow a 15%
reduction, and the hourly adjusted schedule should be 50 % X (1 - 15 %) =
42.5 %.

One might assume that the adjustment factor should be greater outside of
regular business hours, but that reduction in lighting power density has
already been taken into account per the baseline lighting schedules per code
required sweep controls. The EEM model incorporates a 5% or 15% adjustment
factor per the above criteria in spaces designed to utilize occupancy sensors by
the lighting design team.

Incremental Installation Cost
Costs for this measure are the costs of the occupancy sensors, wiring and

controls. Costs are from David Chesley Electrical Engineer, Interface
Engineering.

Quantity Cost Cost

/equip
Wall Sensor 510 X $ 50 = $
25,500
Ceiling Sensor 464 X $ 150 = $
69,600
Relay Control (deduction) 16 X $-1000 = $-
16,000
Total: $
79,100

Savings

The energy savings result from primarily from reducing area lighting energy
and secondarily from reducing space cooling energy. There are associated
reductions in fan and pump energy because of the lower cooling load. The
reduced lighting use means less heat to the space and thus an increase in
space heating energy is observed in the model results.
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-9,05C $ (769244 % 13.428./2 % 19,T00.0V 13¢&

Life Expectancy

10+ years
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EEM #22: Emergency Lighting Sweep Off

EEM Description

This measure determines the energy savings from turning all the lighting off
between 10pm-6am, including the egress lighting. The lighting will still be tied
into the alarm controls so that in the event that there are occupants in the
building the egress lighting will turn back on. For the EEM the lighting power
density is reduced to zero during the sweep hours of 10pm-6am.

Incremental Installation Cost

Costs for this measure are the costs of the added lighting controls and wiring.
Costs are from RS Means’ Costworks ver. 8.0 software utilizing 2004 Cost
Data for Portland OR. Costs used include labor, overhead, and profit. Costs
are adjusted linearly where an exact match doesn’t occur.

Quantity Cost Cost
/equip
Panel Boards w/ integral 5 X $1,000 = $5,000
switched breakers
Control wiring to DDC 1 X $2,500 = $2,500
Total: $ 7,500
Savings

The energy savings result from the reduced area lighting, space cooling, fan
and pump energy with an associated increase in space heating energy similar
to the occupancy sensor EEM.

Enerav Savinas Cost Savings
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, $ Savings, $ $ Years
-1,98¢ /746 % (1.6YU.Yz $ 418289 $ 7.500.00 3C

Life Expectancy

10 years
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EEM #23: Efficient Garage Lighting

EEM Description

This measure determines the energy savings from the parking garage’s efficient
lighting design. The code baseline lighting for the garage is 0.3 W/ ft2 over

257,750 ft2 of parking area for a lighting power budget of 77,325 W. The actual
code compliant parking garage lighting design has a total lighting power budget

of 33,490 W or

33,490 W / 257,750 ft2 = 0.13 W/ {t2. The baseline eQUEST input is 0.3 W/ {t2

and the EEM input is 0.13 W/ ft2.

Incremental Installation Cost

Costs for this measure are the incremental cost of the actual lighting design
over the code baseline lighting. Costs are from RS Means’ Costworks ver. 8.0
software utilizing 2004 Cost Data for Portland OR. Costs used include labor,
overhead, and profit. Costs are adjusted linearly where an exact match doesn’t

oCCur.
Lighting Fixture
Type

OHSU River Campus Building One

ETO doc

January 13, 2005

GA
GAl
GA2
GA3
GA4
GAS
GA6
GA7

GB
GB1

GC

GD

GF

GG
GG1
GG2

GH
GH1

GJ
GJ1

$ 385
$ 415
$ 641
$ 385
$ 530
$ 154
$ 385
$ 641
$ 174
$174
$ 174
$ 192
$ 180
$ 174
$ 164
$ 144
$ 174
$ 174
$ 174

RIS i ¢

Total EEM 23

Sub-total

$ 54,670
$ 37,765
$ 7,692
$ 1,540
$ 2,120
$ 616
$ 770
$ 1,923
$ 7,308
$ 8,874
$ 19,140
$ 4,608
$ 180
$ 8,352
$ 7,872
$ 3,456
$ 8,352
$ 4,872
$ 2,784
$ 1,044
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168.698
Cost $
Difference: 15,240

Savings

The energy savings stem from reduced area lighting energy only as the parking
garage is a thermally unconditioned space. The reduced lighting use means
less heat to the space and thus a minimal increase in space heating of the first
floor is observed in the model results.

Enerav Savinas Cost Savinas
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. $ Savinas. $ $ Years
=21 384.4/¢ % (17.78 §& 20.761.87 $ 15,240.00 (V]

Life Expectancy

20+ years
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EEM #24: Daylighting Controls W/ On-Off Sensor

EEM Description

This measure determines the energy savings from using on/off and
continuous dimming daylighting sensors. The daylighting areas are zoned in
the model per the daylighting design by the lighting team. The spaces covered
by this EEM are primarily the perimeter office zones and perimeter open office
or lobby spaces. The maximum daylighting zone depth is 2.5 times the window
height. The fraction of lighting controlled by the daylighting sensor is an area
weighted percentage of the lighting power of the entire space with some
exceptions for known or assumed lighting design layout.

Sensors are placed within the middle of daylighting zones at a height of two feet
six inches to match working surface height. The daylighting control lighting set
point in footcandles was determined based on the associated space’s use and
luminance values from the IES Lighting Handbook. Three EEM models were
considered for daylighting. One incorporated a mix of on/off switches (primarily
office spaces) and continuously dimming switches (open and/or light sensitive
spaces) with minimum power use. A second model used the same mix of
switches, but no minimum power use. The third model used strictly on/off
switches.

Incremental Installation Cost

Costs for this measure are the cost of the daylighting sensors, controls and
wiring. Costs are from RS Means’ Costworks ver. 8.0 software utilizing 2004
Cost Data for Portland OR. Costs used include labor, overhead, and profit.
Costs are adjusted linearly where an exact match doesn’t occur.

Sensors Miscellaneous
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131,230

On/off Only 0 344 25 (o] o 0O $
29,700
Savings

The energy savings result from the reduced area lighting, space cooling, fan
and pump energy with an associated increase in space heating energy similar
to occupancy sensor EEMs.

Energy Savings Cost Savings
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. $ Savinas. § $ Years
-12.9U¢ 541,407 § (10,97043 % 29,235.65 % 2Y,/00.0U 1¢

Life Expectancy

10+ years
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EEM #25: Laboratory Outside Air Reuse

EEM Description

This measure determines the energy savings from reusing conditioned relief air
instead of using 100% outside supply air. Conditioned exhaust relief air is
brought in from surrounding clinical spaces. As a result, make-up air
preheat/precooling is reduced proportional to the percentage of reused makeup
air brought in. :

Incremental Installation Cost

Costs for this measure are the incremental cost the additional lab HVAC
equipment (ie added ductwork, fans). Costs are from RS Means’ Costworks ver.
8.0 software utilizing 2004 Cost Data for Portland OR. Costs used include
labor, overhead, and profit. Costs are adjusted linearly where an exact match
doesn’t occur.

Cost Premium for Added = $ 16,500
EEM: Dampers/Controls

Savings

The energy savings result from drops in the heating and cooling loads from the
reduction in outside air being conditioned by the laboratory HVAC system.

Enerayv Savinas Cost Savinas
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, $ Savinas. § $ Years
3,99¢ 1,24 3 3.398.60 6712 § 16.500.00 4¢&

Life Expectancy

20 years
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EEM #26: Double Fan VAV / Displacement Ventilation

EEM Description

This measure determines the energy savings from utilizing a double fan
Variable Air Volume HVAC system for the spaces on floors 4 through 16
excluding the laboratory areas on floors 13 and 14, as well as displacement
ventilation (DV) in interior spaces.

The baseline model with dual fans and coils has one system serving interior
and exterior zones. By separating interior and exterior zones with dual fans
and coils and providing DV at interior spaces, interior reheat coils/energy are
eliminated, winter time perimeter zones reheat energy is minimized and interior
areas supply airflow is reduced from 6 ACH (standard practice) to 3 ACH.

Incremental Installation Cost
Cost premium for adding high efficiency duel fans. RS Means 2000 A8.8-330
adjusted for as-designed conditions.

Cost Premium for 170,000cfm X $0.95/cfm = $ 161,500
EEM
Savings

The energy savings result from reductions in both space heating and cooling
energy. There is an associated sizeable drop in pump energy and a minor
decrease in fan en

Energy Savings Cost Savings
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings, $ Savings, §$ $ Years
212,761 1,441,06 » 18084602 » [/.81/.46 H 161.5U00.UU vt

Life Expectancy

20 years
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EEM #27: Heat Recovery from Water Cooled Chiller Process Load

EEM Description

This measure determines the energy savings from heat recovery from the chilled
water loop serving the medical equipment, pool and transformers. In the
baseline, a separate chilled water loop is specified with a process load
represented by the cooling loads from MRI, CT, transformers and other
equipment within the building. For the EEM the excess heat in the loop after
serving these loads is recovered to supply heat to the domestic hot water loop by
running a high efficiency, water-cooled, chiller (Climacool MC-2, COP=4.87) in
heat pump mode with an elevated condenser temperature/pressure. Chiller
Savings are modeled and HR savings are calculated by hand

Incremental Installation Cost

Incremental costs are the added cost of the heat recovery unit, the controls,
and the additional piping. Cost data supplied by Andy Frichtl Mechanical
Engineer, Interface Engineering.

Cost Add for Water Cooled $
Chiller 80,000

HRU-1 $

40,800

Controls $

7,200

Piping $

12,000

Total $

140,000

Savings
The energy savings result primarily from reductions in process cooling energy

and water heating energy. Chiller Savings are modeled and HR savings are
calculated by hand. Chiller energy use penalties from heat recovery operation
were accounted for in the hand calcs. as well.

Enerav Savinas Cost Savinas
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savinas. § $ Years
21,50z 185,654 $ 18276.70 $ 10,025.32 §$ 140,000.00 4¢

Life Expectancy
20 years
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EEM #28: Low Pressure Air Filters/ Fan Wall

EEM Description

This measure determines the energy savings from utilizing low

pressure air filters (Flanders Superflow V Extended Surface,

DP=0.38) and an arrayed, fan wall (Huntair). This fanwall

system’s low sound power allowed us to eliminate

soundtraps on AHS-1 and AHS-2, reducing fan pressure by

0.2” WC on supply and return fans. The baseline uses

standard code required filters in the mechanical systems

and standard efficiency fans. The EEM uses low pressure

air filters and high mechanically efficient/low turbulence

fans (i.e. the fan wall). To simulate the EEM the mechanical

systems’ supply power consumptions, (kW /cfm) were reduced proportionally
which reduced pressure requirments and thus reduced HP requirements per
the fan laws.

Incremental Installation Cost
Incremental costs are the added cost for using low air pressure drop filters.
Cost data is supplied by Interface Engineering.

Cost Premium for 567 X $30/Unit = $ 17,010
EEM (2x2Filters)
Savings
The energy savings result primarily from reductions in fan energy.
Eneray Savings Cost Savings
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. ¢ Savinas. ¢ $ Years
C 185,56¢ % $ 10,02086 $ 17,010.00

Life Expectancy
Filters are replaced yearly however the low pressure features of this EEM
should last the life of the air handler which is 20 years.

CFD Profile of Fan Wall
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EEM #35: Chilled Beam

EEM Description

This measure calculates energy savings for passive space cooling using a
chilled beam cooling system (Krantz Komponenten DK-F-chilled beam). This
cooling system uses natural convection and radiative heat transfer, thus
eliminating fan energy consumption for air distribution. Higher evaporator
temperature of the chiller supplying chilled water reduces chiller energy
consumption.

This measure was applied on floors 5 through 11 and 15 and 16 in
lobby/waiting room areas. This simulation was modeled as a 4-pipe fan coil,
w/no OSA and no fan energy.

Incremental Installation Cost

Incremental costs are the added cost of the chilled beam and a heat
exchanger. Cost data supplied by Interface Engineering.

Quantity Cost /equip Cost
Heat Exchanger 1 X $ 5,000 = $ 5,000
Chilled Beams 135 X $1,000 = $135,000
Pump 1 X $7,000 = 3 7,000
Proposed System Total: $147,000.00
Baseline VAV System w/ Ducted Air $3/SF X 20,250 SF = $ 60,750
Distribution
Proposed System cost — Baseline System cost = Cost Difference 86,250
Savings

The energy savings result primarily from reductions in fan cooling energy,
water chilling load and improved chiller performance.

Energy Savings Cost Savinas
AMrrudl
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savings, $ $ Years
9,26: 24900¢ $ 787287 $§ 134509 § 86,250.00 Y4

Life Expectancy
20 years
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EEM #36: Naturally Ventilated Stairwells
EEM Description
This measure determines the energy savings from partial cooling of the east
and west stairwells through natural ventilation. The baseline model assumes
no natural ventilation and mechanical cooling by a fan coil system only. In the
EEM model the stairwells are cooled by outside air from eight windows (aprox.
10 ft?each) at equal intervals along the length of each stairwell with one outlet
at the top (10 ft2?).

In eQUEST the natural ventilation was turned on for each of the systems
serving the stairwells with the Sherman-Grimsrud Method specified as the
ventilation method. The Sherman-Grimsrud Method adjusts the natural
ventilation rate as a function of wind speed. The maximum air changes per
hour were assumed at 12 for the West stairwell and 14 for the East stairwell.
These values are based upon ventilation modeling of the stairwells with TAS
v1.8.5 building simulation software. The total vent area fraction, 0.6 times the
open window area divided by the floor area, is 0.11 for the West stairwell and
0.12 for the East stairwell. The operation of the stairwell openings is assumed
to be mechanical, not user operated, based on temperature controls so the
model’s ventilation usage and window opening schedules are set for automated
control.

Incremental Installation Cost

Incremental costs include the incremental cost of the operable inlet windows
and the ventilation outlets, and the base costs of the temperature sensors,
control system, wiring, and window controls. RS Means Costworks 2002
8520-3890.

Qty Cost / Sub-total
unit
Inlet Vents 16 X $ 352 $5.632
Outlet Vents 2 X $1.634 $ 3,268
Control System 1 X $ 1000 = $ 1.000
Total 9,900

Savings
The energy savings stem from a reduction in space cooling energy due to the

supplementary natural ventilation.

Energy Savings Cost Savinas
Annuai
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savinas. § $ Years
21¢€ 119,81 § 18367 $ 6.470.01 $§ 9,900.00 1¢

Life Expectancy

20Years
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EEM #39: Radiant Cooling 1st Floor Lobby

EEM Description

The floor slab serving the 1st floor lobby will have PEX tubing attached to the
reinforcing bars and structural mesh. Groundwater is used to cool the slab
temperature to maintain space comfort levels. This cooling system uses
natural convection, and radiative heat transfer, thus eliminating fan energy
consumption for air distribution. Slab thermal mass allows the system to
“store” cooling energy. The primary savings for this EEM comes from using cool
groundwater and captured rainwater for slab cooling. Thus electricity costs are
reduce by reducing/omitting chiller usage.

Incremental Installation Cost

Incremental costs are the added cost of the radiant tubing, and controls. Cost
data supplied by Interface Engineering.

Oty Cost / unit Sub-total
PEX Tubing (Labor and Materials) 9000sf X $ 7.00/sf = $ 63,000
Controls: Pumps, HX, valves (Labor 3 zones X $ = $ 15,000
and Materials) 5,000/zone
Total $78,000.00
20 Ton Single Zone, 4pipe system w. finned tube perimeter = $ 82,000
heat
Proposed System cost — Baseline System cost = Cost Difference -$4,000

Savings

The energy savings result primarily from reductions in fan and chiller usage.
The first cost is less for the proposed EEM than the baseline thus a negative
payback appears.

Energy Savings Cost Savings
Annuai
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savings., § Savings, $ $ Years
C 100,071 % $ 5H4U383 % 1.0U 0.000:

Life Expectancy

20 + years
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EEM #43: Energy Efficient Transformers

EEM Description

This measure determines the energy savings from utilizing energy efficient
transformers for E-power. The baseline model utilizes twelve 30kVA 115°C and
seven 45kVA 115°C transformers. The EEM model utilizes Square D — TP1
transformers instead. The losses by transformer type and total yearly losses are

listed in the table below.:

kVA Square D- 115C

TPI (W)
(W)
30kVa 259 368
45KVA 347 550

Incremental Installation Cost

Costs for this measure are the incremental cost of the higher efficiency

transformer. Costs come from the Square D 100-year anniversary edition of the

Digest.
Propose EEM Qty Cost / unit Sub-total
30kVa 12 X $1,995 $ 23,940
45kVA 7 X $2,395 $ 16,765
Total $40,705.00
Baseline Qty Cost / unit Sub-total
30kVa 12 X $1,475 $ 17,700
45kVA 7 X $1,775 $ 12,425
Total $30,125.00
Incremental Cost (Proposed Cost-Baseline Cost) = $ 10,580
Savings
The energy savings result from the lower electrical losses of the efficient
transformers.
Energv Savinas Cost Savinas
Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savinas. ¢ $ Years
C 23,90¢ $ 129093 § 10,580.00 82
Life Expectancy
30 years
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EEM #47: Dual Bank Exam Lights

EEM Description

This measure determines the energy savings from the double bank of
controllable lights within the exam rooms. The lights in the typical exam room
there is type P’ luminaire with 186 input watts (see lighting luminaire
schedule). This luminaire is a 4’X4’ 6 lamp fixture with T8 32-watt fluorescent
lamps. In normal mode the lamp will operate with 3 of 6 lamps on. When the
occupant needs more light, there is a second switch to turn on the other bank
of lamps. Both sets of lamps will be controlled by occupancy sensors as well.
The exam rooms are located on floors 5 through 12 with a few additional rooms
on floors 15 and 16.

The baseline model assumes that the lighting within the exam rooms runs at
full LPD over the regular lighting schedule which is based on the space
occupancy schedule. The EEM assumes that half the time the exam rooms are
in use the occupants will not need the additional bank of lighting. For the sake
of simplicity our model does not have each exam room broken out individually
but rather they may be a part of a zone that covers other exam rooms and/or
other physical spaces within the building. It is necessary to look at the lighting
power required by any single exam room or set of exam rooms as a percentage
of the lighting power for the entire zone within the model when taking a
reduction for the switching.

The EEM model assumes a reduction in the total zone LPD based on the
reduced wattage of the exam room to the total zone lighting power. This portion
of the total lighting power is only reduced by 25% of the lighting power of the
exam room or rooms in any given zone. For example a zone that is comprised of
13 exam rooms, corridors, and other spaces may have a total design lighting
power of S069 W. The 13 exam rooms are reduced from 13 X 186 w = 2418 w
to 13X 186 w X 0.75 = 1814 w. The total zone’s lighting is reduced from 5069
w to 4465 w. Over the zone’s 4500 ft2 the final zone eQUEST LPD input is 4465
/ 4500 ft2 =0.992 w/ ft2 when it was previously 1.126 w/ ft2.

Incremental Installation Cost

Costs for this measure are the incremental cost of a double switch and the
associated wiring. Estimated costs are from RS Means’ Costworks ver. 8.0
software utilizing 2004 Cost Data for Portland OR.

OHSU River Campus Building One P:1200312003-0348 09\ENERGY\T| Models\Reporti2003-0348-BIk25-Report:Final
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Unit Quantity Cost/ Sub-

unit total
Additional per 306 X $ 20 = $
Wiring luminaire 6,120
Added switch 306 X $ 20 = $
Switches 6,120
Total Incremental Cost: $ 12,240

Savings

The energy savings are a result of reductions in lighting, space cooling, and fan
energy. Space heating energy increased as a result of the reduced lighting heat

lost to the space.

Energy Savings

Cost Savings

Annual
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. § Savinas. § $ Years
-4,95¢ 116,787 § (421449 § 630650 $ 12.240.00 5¢

Life Expectancy

20+ years
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EEM #48: 208-volt riser instead of a 480-volt riser with transformers in
each electrical room.

EEM Description

This measure determines the energy savings utilizing two 2000 amp busways
at 208/120 volts instead of one 2000 amp busway at 480/277 volts with
distributed transformers. Yearly transformer losses at 40% loading for 2080
hours per year when transformer is 98% efficient.

Incremental Installation Cost

Costs for this measure are the incremental cost for using two 2000 amp
208/120 volt busways minus the deducted costs for using one 2000 amp
480/277 volt busway. Costs are from Interface Engineering.

Deducted costs for using one 2000 amp 480/120 Cost:
volt buswayv:
2 step-down transformers at 45 KVA each $ 4.400
2 150 amp main breakers at 208/120 volt branch $ 600
panels
2 support structures for hanging transformers $ 800
2 75 amp breakers in 480/277 volt panels to feed $ 80
transformers
2 10 ft 75 amp feeders $ 200
Subtotal Deductions $ 6,080
Added material/equipment:
14 ft 2000 amp busway $ 3,900
1/16th of add 200V electrical service $ 2,500
One 200 amp bus plug with 150 amp breaker $ 1.200
Deduction for AC $
Subtotal Additons $ 7,600
Subtotal Deductions $ 6,080
Total Incremental Cost $ 1,520

Savings
The energyv savin s are a result of reduced transformer losses.
Energy Savings Cost Savinas
Allnudl
Annual Gas  Electricty Annual Incremental Simple
Savings, Savings, Annual Gas Electricty Cost, Payback,
therm kWh Savinas. $ Savinas. $ $ Years
3932 % $ 21238 % 1,520.00 7z

Life Expectancy
30+ years
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EEM #49: Optimized Lighting Design
EEM Description

Energy code allows a maximum of 1.5 W/sf for spaces with a ceiling under 15
feet.

Energy efficient light sources such as TS5, T8 and compact fluorescent lamps
with electronic ballast were selected for the design. Incandescent lights were
avoided except where required for medical task. Track lighting and low voltage
light use was kept to a minimum. Designed light levels were reduced where
possible. The overall, average LPD for the building is 1.1 W/sf.

Savings
The energy savings are primarily a result of the reduced lighting load.
Space heating energy increased as a result of the reduced lighting heat
lost to the space.

Energv Savinas Cost Savinas
Annual
Annual Gas  Electricty Annual
Savings, Savings, Annual Gas Electricty Simple Payback,
therm kWh Savinas. ¢ Savinas. $ Years
-4,04z 96,352 § (3435700 $ 5,203.06 Less than 10 Years

Life Expectancy

20 years
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Summary of Individual EEMs

Results are compared to the Baseline. Note : Negative Simple Pay Back (SPB)
values indicate that estimated incentives exceed the incremental costs.

Revised
Simple
Annual Estimated Payback
Annual Gas  Electricty Annual Simple Estimated Individual (incl.
Savings, Savings, AnnualGas  Electricty I tal  payback, ETO BETC incenitves)
Description therm kWh javinas. [l 1 Zost 1 Vaare irantias ¢ irantivas ¢
EEM1-Araon Gas filled ala 3005 4730 2630 $ 25¢ 18 00( 62 $ 204¢ § 6 30¢
EEM3-Wall Ins 372 935 $ 36 $ 47 5986 165 $ 391§ 154
FFMA-Floor Ins 766 -1633 651 {87 592 45 $ 2072
EEM5-Revolvina door for alrium enlrv 764 3119 64¢ $ 156 12 65( 157 3 923 § 146
EEM6-LEED DHW Reduction 18 076 0 $ 15365 § $ 89,165 58 $ 14461 $ 31,20¢ 28
EFMA - NHW Rnilar FH-Hand Male 5088 0 4325 35 00¢ 81 $ 407C § 12 25¢ 43
EEM10 - CO Garaae Conlrol 0 507093 § § 2738 $ 3000 11 $ 5070¢ $ 10,500 11
EFEM12-CO2 Contral ans -2 041 2733 10 $ 7 50 $ 2368 2 62F 10
CCIVIIO - ruygl CIiuigl vy pungt - ndaiig
Salc - Adiusled for LEED inleraclive Mode 21 683 0 18431 §$ $ 70 00C 38 $ 17 34€ 24 50( 15
EEM14-Fan Powered VAV 30,088 238268 $ 2557 $ 12,866 $ 85125 22 $ 47,898 $ 20,794 02
EEM15-Retail Economizer 10 6568 tE 8 356 § 330 95 $ 651 $ 1155 43
EEM16-Premium Efficiency Molors 0 60916 & 3289 $ 6.532 20 3 609z § 2,266 06
EEM17-Var Flow HW 6062 99007 (5 153 539 § 275¢ 113§ 5141 963 138
EEM18-Lab Exhausl RA Coil 98 454 466406 $  83.68¢ (25186 $ 41,000 07 3212 % 14 350 01
EEM20-Lab Occupancy S 42004 49222 8 3578C 2658 $ 11900 03 3859 416t 08
EEM21-Occupancy Sensars 9050 248680 (7692 § 13428 § 79100 138 17.62¢ § 27.685 59
EEM22-Emer Lighl Sweep -1,989 77 461 {1691 418 7 500 30 6 15¢ 2 62F 05
EEM23-Garage Liahtina 21 384479 § 18 2076 § 15 24( 07 38431 § 5334 14
EEM24-Daviighling-On/Off 12,906 541401 $ (10970 $§ 2023 $ 20 70( 16 4381¢ 10,395 13
EEM25-Lab Min OSA Reuse 3998 1243 $ 339¢ § 67 16 50( 48 $ 332¢ § 5775 21
EEM26 - Dbl Fan VAV 212,761 1441064 $ 180847 $ 7781 $ 161,500 06 $ 314315 § 56,52! 08
21502 185654 & 18277 § 100 140 00( 49 35767 % 49 0K
EEM28-Low Pressure Air Fiters/Fanwall 0 185564  § $ 10020 3 17.01( 17 $ 18.55¢ §$ 5.95¢ 07
EEM35-Chilled Beam 9,262 24,909 g 7877 % 134 86 25( 94 9901 $ 30 18t a0
EEM36-Stair Nat Vent 216 119815 § 184 § 647C § 9.90( 15 $ 12154 § 346 09
CEMIOY - Rauldli MTauligoUy 150
Floor Lobby - Hand Calc - Adiusled for 0 100,071 $ $ 540¢ 1 nn 3 10007 19
CIRIYY SHken |
Hand ale 23906 $ 1291 10 58( 82 $ 2301 § 370 35
EEM47-Dual Bank Exam Liahts 4958 116,787 4214 % 630¢ $ 12,24¢ 59 $ 7712 § 4,284 01
FFM 48 - 208-volt riser -Hand Cale 0 3033 $ 212 152 72 $ 39 53!
= UPUIHIILEU LIYHUNIY UeSIN-T
Calc-STANDARD TRACK 4,042 96,353 § (343 $ 5203 § 100 $ 21314 § 100
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SALLY PAINTER

Gerding Edlen Development
Dennis Wilde, Sr. Project Manager
Renee Worme, Sustainability Coordinator

GBD Architects

Phillip Beyl, AIA, Partner-in-Charge

Stephen Domreis, AlA, Partner-in-Charge, interiors
Kyle Andersen, AIA, Project Lead Designer

Ronald Huld, AIA, Project Architect

Peterson Kolberg Associates
surgery and imaging architect

The Estimé Group, laboratory architect
KPFF, structural engineer

Otak, civil engineer

Walker Macy, landscape architect
Hoffman Construction, general contractor

Brightworks, LEED Consultant

Total Project Costs

$145.4 million approved budget

Building Program

O The Center for Health & Healing is a 16-story,
400,000 sq.ft. building that will house physician
practices, outpatient surgery, a wellness center,
research labs and educational space. A three-story
underground parking garage will provide 500 new
parking spaces for patients.

O Eight levels are devoted to physician practices,
surgery and imaging across a wide range
of specialties and programs. They include
dermatology, family medicine, internal medicine,
spine neurology, neurosurgery, cardiology, oncology,
surgical oncology, digestive health, ENT (ear, nose
and throat), plastic surgery, physical therapy,
ophthalmology, urology and fertility.

O Three floors will house a comprehensive health
and wellness center. The center will include a full
gymnasium, a four-lane lap pool, a therapy pool,
cardio and weight training areas, multipurpose
studios and a day spa.

O Four levels are dedicated to educational and
research activities, including laboratory space for
the biomedical engineering program.

O The ground floor will house retail space, including
a pharmacy, optical shop and cafe.
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WITH THE WORLD’S SUPPLY OF FOSSIL FUELS increasingly depleted, the price of energy

rising and the international community taking steps to combat global warming, America’s green

building movement has rapidly matured over the last decade, from a pioneering niche market

to an ever more viable portion of the mainstream. And since the late 1990s, Portland has

developed a reputation as a sustainable building pioneer. By 2005, Portland had more projects

registered with the U.S. Green Building Council’s LEED (Leadership in Energy and Environmental

Design) rating system for high-performance buildings than any other city.

Despite this pedigree, however, Portland has never
seen a local building achieve the highest LEED rating—
Platinum. And many of its Gold and Silver-rated projects
are relatively small in scope. But that may soon

change as the city’s sustainable architecture ascends
to a new scope and level of sophistication.

In 2005 Portland saw groundbreaking for what will
become one of the most sustainable new urban
neighborhoods in the country. The South Waterfront is
a former industrial area along the Willamette River just
south of Portland’s downtown. In a pioneering public-
private partnership, the city has teamed with its largest
employer, Oregon Health & Science University (OHSU),
and Portland’s most successful and environmentally
progressive development companies to build a

dense urban enclave with housing, green spaces,
commercial and retail buildings, and an expanded
campus for the school.

The South Waterfront exemplifies Portland’s
commitment to preventing urban sprawl by
revitalizing underutilized inner-city areas, all the
while guided by state-of-the-art sustainable design
principles. To minimize dependence on automobiles,
the neighborhood will also be connected to the
surrounding area by two types of mass transit:

a streetcar, which has been an enormous success in
other parts of the city, and an aerial tram (only the
second in the United States).

One of the first buildings to rise from this former
shipyard will be the most resource efficient large-
scale building in the region, and one of the greenest
in the country—the Center for Health & Healing. It is
a mixed-use facility for wellness, medical research,
clinics, surgery, classrooms and ground floor retail.
The 400,000 sq.ft., 16-story building will be next to
a new aerial tram connecting South Waterfront with
OHSU’s main campus on a hilltop about a mile away.
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Upon its completion in 2006, the Center for Health
& Healing expects to apply for a Platinum LEED
certification. Although only a handful of buildings
in America have attained the Platinum rating, none
is of the size and complexity of the Center. This is a
very special building.

Led by principal Andy Frichtl, PE, Interface Engineering
began to work with Gerding Edlen Development, GBD
Architects and Hoffman Construction early in the design
process, sparking a process of integrated design—
fundamental to any successful green building project.
And the results speak for themselves. The Center is
expected to achieve energy savings at an astonishing
61 percent greater than what Oregon code (and the
LEED version 2.1 ASHRAE standard) requires and to use
56 percent less water than a conventional building.

With this process of integrated design, the team has
also proven that green design need not cost more.

In fact, despite boasting an array of solar panels,
natural ventilation, radiant heating/cooling, rainwater
harvesting and water re-use systems, and even its
own microturbine power generation plant, the Center
is expected to cost 10 percent less than original

$30 million budget forecasts for mechanical and
electrical systems based on a conventional design.

In this publication, we explore how integrated design
practices have fostered one of the most innovative
green buildings in the country. Along the way, we show
how architecture and engineering are becoming ever
more efficient, sophisticated and responsive to the local
environment and to the ever-changing needs of building
owners and occupants. This is not just the story of a
building, but also one of a process that is changing the
design professions and the greater urban landscape

for the better.

ANDY FRICHTL, TEAM LEADER

The information age is coming to a close. We have
certainly learned how to obtain and move information very
quickly. Now we are moving into the creative economy,
where we have to find ways to do more with less. This can
be accomplished by integrating building features to serve
multiple purposes and using creative solutions which
save energy and water with less upfront costs. This is
what fascinates me. This is where my passion lies.

ANDY FRICHTL, PE, PRINCIPAL, INTERFACE ENGINEERING, INC.

2005 “ENGINEER OF THE YEAR,” NORTHWEST ENERGY EFFICIENCY
ALLIANCE (BETTERBRICKS PROGRAM)

SOUTH WATERFRONT SITE PLAN, PORTLAND, OREGON

OHSU RIVER CAMPUS
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OHSU Commons plays an important part in the revitalization of Portland’s close in South
Waterfront district, occupying seven blocks in the central portion. Connected to downtown
by a streetcar and to the main OHSU campus by an aerial tram, the River Campus will provide
employment for thousands of Portland residents.
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PROJECT GOALS

From the beginning, it was clear that the Center for Health & Healing would be a vital building

for the client and the community. A variety of uses, with different mechanical and electrical

needs, had to be accommodated: ground floor retail, medical clinics, surgery suites, a wellness

center, administrative offices, teaching classrooms and research facilities. Befitting OHSU’s

mission of promoting good health, it was also crucial that the building maintain optimal air

quality and natural light. Indeed, the Center would be a symbolic new front door to OHSU.

Principal Andy Frichtl, PE, led the Interface Engineering
team. A senior mechanical engineer with 17 years of
experience at the firm, Andy directs Interface’s energy-
efficiency, green design and building commissioning
efforts. Previously he served as lead principal for the
firm on such pioneering sustainable projects as the
LEED Gold Ecotrust building (Jean Vollum Natural
Capital Center) in Portland, the Pacific Gas Transmission
Building (now home to David Evans and Associates)
and the Oregon Department of Human Services
building renovation in Salem.

With an initial budget of $30 million for mechanical,
electrical and plumbing (MEP) systems, the building’s
performance goals were ambitious: energy savings of
60 percent or more versus Oregon energy code and
the ASHRAE 90.1-1999 standard, a 25 percent reduction
in initial MEP capital costs versus a standard building
and a significant reduction in potable water usage.
The building also needed to maintain its structural
and mechanical flexibility for future uses while
providing a competitive rent structure. Further, the
Center for Health & Healing was expected to achieve
at least a Silver LEED (Leadership in Energy and
Environmental Design) rating from the U.S. Green
Building Council in order to qualify for the Oregon
Business Energy Tax Credit.

BIG HAIRY AUDACIOUS GOALS (BHAGS)
Dennis Wilde, senior project manager for Gerding
Edlen Development, drove this project to a successful
design outcome by setting major goals for all
members of the design team—what management
guru Tom Peters calls “Big Hairy Audacious Goals.”
To create high-performance buildings, a design team,
just like a child in school, must be challenged to
achieve “stretch” goals, but without the crutch of a
larger budget. Through successful experience with

a number of prior green building projects, Gerding
Edlen Development knew that engineers could
achieve high levels of building performance on a
conventional budget, while meeting all aspects

of the building program, so they required such
performance on this project.

Some of the BHAGS included:

O 60 percent energy savings below Oregon Energy
Code and the ASHRAE 90.1-1999 standard for
LEED prevailing at the time of building design

O Reduce initial MEP budget by 25 percent

During the process, the team added the
following goals:

O 100 percent capture and re-use of rainwater
falling on the building

O 50 percent or more reduction in total use of
potable water in the building

O Provide a significant amount of power and
chilled water on-site from a central utility plant

O Treat all sewage on site and re-use that water
for non-potable uses

PROJECT APPROACH
Interface Engineering has a
format for energy-efficient
and water-conserving design
that it follows in most projects
with sustainability goals and
integrated design objectives.

O Obtain building program early
and develop time-of-use daily,
seasonal and annual use
patterns

O Estimate energy-end uses by
type, e.g., lighting, heating,
cooling, ventilation, plug loads,
pumps and motors, and then
attack the largest end uses
most aggressively

O Develop a plan to reduce
demand of various end-uses,
e.g., through more efficient
building envelope, higher
efficiency chillers and
boilers, and efficient lighting
with daylighting controls

O Harvest available natural
resources, including
sunlight, wind, natural
ventilation, rainwater and
lower groundwater or
ground temperatures

O Consider energy storage
systems to capture economic
rewards for off-peak electricity
use and to reduce the required
size of HVAC systems

O Maximize efficiency of specified
mechanical and electrical
systems within budget
constraints

O Right-size systems by replacing
overly conservative design
practices with good analysis of
actual requirements

O Allow for easy expansion of
mechanical and electrical
systems to serve changing
uses of the space
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A sailboat exemplifies integrated design;

it’s hard to tell where the architecture ends
and the engineering design begins. It’s
powered solely by natural forces and requires

As does a building, it requires intelligent
operators, someone to steer and someone
to set the sails; then it can even sail upwind
with ease.

almost no use of fossil fuels after construction.

THE PROJECT KICKED OFF IN AUGUST OF 2003 With a two-day charrette to

identify integrated design goals, with final designs for the core and shell due

approximately one year later. During that time, Frichtl and Interface worked

in close collaboration with the developer, Gerding Edlen Development, GBD

Architects, KPFF structural engineers and Hoffman Construction to achieve

a building that not only would meet these bold objectives, but even surpass

them. The charrette goal was to share ideas about how the Center for Health &

Healing could be designed for optimal building performance.

Certain architectural goals had to be met: ease of
circulation, ample natural light, a sense of openness
for the varying activities, and a flexible structure that
allowed for change in building uses over time.

Harnessing the Elements

Within that context, the team sought to take advantage
of free resources from the natural environment,
including sun, rain, wind and groundwater. Obviously,
sunlight is an ideal source for daylighting, heating

and electricity if the corresponding energy conversion
technology can be harnessed cost-effectively.

WIND-ROSE DATA

A “wind rose” shows both wind direction and frequency; in this case,
we see Portland’s prevailing north/northwest winds, during the
cooling season hours from April to September.
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4 SCHEMATIC DESIGN

INTEGRATED DESIGN PROCESS

TRADITIONAL DESIGN ¢

The integrated design process differs from traditional design in two
important respects: first, goal setting for sustainable design starts
early in the process, during programming and conceptual design;
second, the entire design team is involved in the process much
earlier than normal, so that engineers can input to architectural
choices that affect energy use, water use and indoor air quality,

for example. Specific technologies such as green roofs, photovoltaics
and rainwater reclamation require input from several disciplines
very early in design.
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Commissioning

Wind-rose data from the Portland airport (a diagram

of wind directions at various hours during the year)
showed that during office hours (8 Am to 5 Pm) in spring
and summer, wind almost always comes from the north
and northwest. This could help provide predictable
natural ventilation. The data also indicated where

the building would likely experience high and low air
pressures. Portland’s moderate humidity levels and
generally mild temperatures also meant cool air could
be used for night flushing in the summer, to
pre-condition buildings for cooling the next day.

As a result of the charrette, the developer-architect-
contractor-engineer team agreed several ideas merited
further study. Rainwater could be captured for re-use in
toilet flushing. A microturbine system for the adjacent
central utility plant and photovoltaic panels on the
building’s south side could both bring tax credits

for energy production. All of these measures were
ultimately incorporated. Another energy-generation
source was explored but deemed unsuitable—roof-
mounted, vertical-axis (Savonius rotor) wind turbines.

EARLY ENERGY ESTIMATE
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Back of the envelope estimates such as this for energy efficiency goals allowed Interface’s team to respond
to rapid turnaround times for key design decisions.

Eco-charrettes
involve many
participants
from diverse
backgrounds,

in facilitated
decision-making
sessions.
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Portland’s abundant rainfall (36 in./yr. average),
coupled with a large building roof area, indicated a
potential for reclaiming rainwater for building water
uses. And high groundwater due to the site location
(beside the Willamette River, at the bottom of Marquam
Hill) required building de-watering on a constant basis,
but also allowed the project to take advantage of
plentiful water supply at cool temperatures for use

in building water reuse systems, landscape irrigation
and for cooling tower make-up water.

Getting It Right, from the Start

The collaborative spirit of the integrated design
charrette helped give birth to some of the original
design concepts for this sophisticated, high-
performance building. Interface was brought into the
project after schematic design had already begun.
Decisions on major energy-using systems had to be
made in fewer than six weeks, not enough time to
complete a rigorous computer energy model. Based

on his experience, Frichtl was able to prepare a
back-of-the-envelope analysis of where energy use
could be cut to achieve the desired 60 percent savings.
For example, lighting, domestic water heating and
building heating constitute nearly 75 percent of energy
use for a standard building of this type, and Frichtl
targeted them collectively for a 60 percent reduction.
Key design decisions were made early in the process,
and Interface’s engineers’ intuitions proved right on
almost every count.

ECO-CHARRETTE
CLIMATE DESIGN DATA

Temperatures
O Average annual
temperature: 60°F

O Average winter lowest
temperature: 20°F

O Average low in December
and January: 37°F

O Average summer highest
temperature: 98°F

O Average high in July and
August: 79°F

O Diurnal range: 20°F (or more)

O Summer design high
temperature: 9o°F

O Winter design low
temperature: 10°F

Wind

O Summer winds from north or
northwest, daytime hours

O Spring to fall winds during
daytime are mostly north or
northwest

O Winter storms from southwest

Sun Angles at Noon
(Portland is 45.5° north latitude)

O Summer solstice: 68°
from horizontal

O Fall/spring equinox: 44.5°

O Winter solstice: 21°

Annual Rainfall

Average is about 36 in., with recent

years below that by 15 percent
or more. Annual rainfall follows

typical West Coast patterns and is
heavily seasonal, with 86 percent
falling from October through May.

Rainfall by month in inches
(1961-1990 averages):

January: 5.35 July: 0.63

February: 3.85  August: 1.09

March: 3.56 September: 1.75
April: 2.39 October: 2.67

May: 2.06 November: 5.34
June: 1.48 December: 6.13

Annual: 36.30"

CFD MODEL GEOMETRY

Interface’s energy engineers built a computer model to test the
potential for natural ventilation of the building. We had to model
the entire district, including a number of tall buildings planned
around this project. This model can be used for analyzing future
buildings in the area. Funding provided by BetterBricks, a program
of the Northwest Energy Efficiency Alliance.

CFD MODEL: WIND PRESSURE

Low- » < HIGH-

PRESSURE PRESSURE
WIND
DIRECTION
NW, 15 MPH

R
N

Computational Fluid Dynamics (CFD) models provide a way to assess
natural ventilation potential by examining wind pressures on each
building face. In this case, we found out that future upwind buildings
would actually create negative pressures on the upwind face of the
building, leading us to focus our natural ventilation efforts on the east
and west stairwells, where maintaining internal temperature control
is not as critical.




“ENGINEERS ARE THE UNSUNG HEROES OF THE
DESIGN INDUSTRY. THEY DON’T STRUT AROUND
IN TAILORED SUITS AND THICK EYEGLASS FRAMES
OR DISCUSS THE METAPHYSICAL MEANING OF
THEIR BUILDINGS.
THEY DON’T BASK IN THE MEDIA’S
SPOTLIGHT, NOR SERVE AS THE ‘FACFE’
OF A PROJECT: THE FIGUREHEAD
PUBLICLY EXALTED FOR ALL THE WORK.
INSTEAD, ENGINEERS ARE THE BEHIND-THE-SCENES
GUARDIANS: THEY MAKE SURE OUR BUILDINGS STAY UP
AND TUNNELS DON’T COME CRASHING DOWN.
THEY TEND TO THE NITTY-GRITTY DETAILS,
THE BONES AND SKELETONS THAT MAKE
GREAT WORKS POSSIBLE.
THEIR ROLE MAY NOT BE AS SEXY AS THAT OF,
SAY, AN ARCHITECT OR PRODUCT DESIGNER,
BUT WITHOUT THEM DOING THEIR /OB, WE’D BE
METAPHORICALLY—AND LITERALLY—SUNK.”
JULIE TARASKA, EDITOR

¢METROPOLISMAG.COM)>
AUGUST/SEPTEMBER 2005
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DESIGN CHALLENGE: PEOPLE

COMFORT

PRODUCTIVITY

HEALTH

First and foremost, buildings are for people to live, work, learn and play in.

In our design work, Interface strives to create building environments that are

comfortable, healthy and productive places. For this project, our challenge

was to provide for people’s needs while still meeting aggressive criteria for

resource conservation, cost savings and green building certification.

ELEMENTS OF OCCUPANT COMFORT

RELATIVE AIR
HUMIDITY TEMPERATURE

CONVECTION

Wi
wUn>

58 60 62 64 66 68 70 72 74 76 78 82 84 86 88 90 92 94 96

Occupant comfort is a function not only of air temperatures, but of
relative humidity, air movement, mean radiant temperatures and
clothing worn. Assuring comfort is an essential element in creating
productive work environments.

COMFORT

To achieve dramatic reductions in energy use sought by the
client, the building team individually tailored heating and
cooling strategies to different portions of the building.

For example, traditional HVAC systems maintain interior air temperatures
in a range of about 70-75°F. This requires larger, more tightly controlled
heating and cooling systems than may be necessary for all but a few

peak periods in summer or winter. In certain spaces through which
people pass relatively quickly (stairwells, lobby, corridors), the team

had more latitude to widen acceptable temperatures to a broader range,
sometimes as much as 64-79°F. As a result, smaller and more affordable
systems at the Center for Health & Healing were selected for these spaces
at significant cost savings.

The relaxed temperature range in the stairwells and lobby comes not just
from adjusting the thermostat, but from using radiant heating/cooling and
natural ventilation instead of relying solely on traditional air conditioning
and forced ventilation.




DESIGN CHALLENGE: PEOPLE | 09

Radiant space conditioning utilizes the temperature
of surfaces such as walls and floors, which tend

to have less temperature fluctuation. Studies also
show that people in naturally ventilated spaces are
psychologically more accepting of a wider warm-cold
spectrum throughout the day. So while the stairs and
lobby might have a higher or lower mercury reading
than the rest of the building, they would feel just

as comfortable.

At the same time, heating and cooling strategies
constitute just one aspect of the overall building design,
and thus must be weighed against other factors. For
example, concrete has ideal thermal properties for
maintaining a narrow temperature range. But it also

has loud acoustic properties when exposed without
floor coverings. When and where to use concrete in the
building, then, is not just a comfort-related decision,
but also an aesthetic and economic one.

Balancing these competing concerns is what integrated
design is all about. Because the developer, architect,
contractor and engineer addressed these issues
together at an early stage, the building achieves
occupant comfort with far greater energy efficiency
and at far less cost.

COMFORT IN BUILDINGS WITH CONVENTIONAL HVAC

27°
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=
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o =
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(=}
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- 20°
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OUTDOOR TEMPERATURE INDEX, ET (CELSIUS)

Studies at the University of California, Berkeley show that comfortable temperatures rise only
slightly as outside temperatures increase, in conventional overhead distribution HVAC systems.

COMFORT IN BUILDINGS WITH NATURAL VENTILATION
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Studies by the same group at UC Berkeley of buildings with natural ventilation show a much
wider band of acceptable temperatures for human comfort, ranging from 68°F to over 80°F.*

* Source: High-Performance Schools Best Practices Manual, Appendix C, p. 22. cwww.chps.net>.
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PRODUCTIVITY

Over the past decade, studies have shown what many of us
already intrinsically sense: human performance, whether
children in classrooms or adults in offices, is improved

by regular access to natural light, views to the outdoors
and natural ventilation. Whereas a previous generation of
architecture may have restricted visual access for fear of M
occupant distraction and excessive energy use, today we know
people are healthier—both physically and psychologically—

when connected visually to the external environment.

Assuring occupant comfort also makes good business
sense. As the accompanying chart illustrates, far more
money is spent in a typical business on salaries and
benefits (an average of $200-600/sq.ft.) than on the
physical space itself ($15—-25/sq.ft.) or on energy and
water ($2—3/sq.ft.). As a result, investing in a building’s
human factors, such as daylight, air quality, and access
to views of the outdoors, can pay immense dividends.
There is a more subtle benefit, too: inviting interior
spaces and healthier environments can also help recruit
and retain key personnel.

Because the climate west of the Cascade mountain
range is generally very mild, the Center for Health &
Healing team saw a particular opportunity in using
natural ventilation and outside air for free cooling.

In particular, we were attracted to cooling down a
building prior to each day’s occupancy, and then using
an economizer cycle during hours of occupancy. Taking
advantage of an economizer cycle, in which the HVAC
system utilizes a greater portion of outdoor air when
outside temperatures are low and humidity is favorable,
can bring about significantly reduced cooling costs in
this building.

The goal, then, was to bring indoors and filter healthy
natural air, and to do so using as little fan energy

as possible (instead relying on air pressure and the
inherent thermal energy of warm air rising). But a
combination of high pressure on the north side of the
building from prevailing winds and low pressure to the
south made it difficult to move air naturally through the
building without a fan assist. The depth of the building

DAYLIGHTING DESIGN

EXTERIOR
SHADING
DEVICE
v
1L
LIGHT HXTUEEgzgsggb
WITH SENSORS +
DIMMING CONTROLS
VISION 60"

GLAZING MAX

30"

< |
L | I |

Daylighting design attempts to provide natural light for occupied spaces without glare or
unwanted heat gain in summer, while allowing winter sun into the building. Many studies
have shown that adequate daylighting creates more productive environments.

RELATIVE COSTS FOR BUILDING OPERATIONS

SALARIES $200-600
RENT $20

TOTAL $2.00 ANNUAL DOLLARS/SQ.FT.

ENERGY

ELECTRICITY | $1.50

0+M $1.35

(o] 30 60 90 120

People costs for salaries and benefits range from $200-$600/sq.ft., dwarfing rent and operating costs. Therefore,
increasing productivity even one percent often can increase an organization’s income as much as reducing energy
costs by 100 percent.

and additional space layout issues further complicated
this. And, since we expected future large buildings

on the north and west of this building, we also had to
contend with reduced air pressures on the upwind side
at ground level shown by the CFD model.

Ultimately, the team settled on a compromise: to

use natural ventilation (the so-called stack effect) in
stairwells, with microclimate analysis determining

inlet and outlet points for vents, and to use fan-forced
ventilation for the rest of the building. This decision also
met the need for widely varying uses and air pressure
requirements of the interior spaces and rooms. We were
also able to incorporate radiant heating and cooling for
the atrium at no net cost increase using piping in the
first-floor slab.




DESIGN CHALLENGE: PEOPLE | 1

HEALTH

Nearly 50 percent of the Center for Health & Healing’s space is

devoted to medical practices. An additional 12 percent consists

of outpatient surgery facilities. Maintaining optimal air quality

in both spaces was a vital health objective for this project.

Air quality starts with filtration.
Interface specified a MERV-13
(minimum efficiency reporting
value) filter for exam and clinic
areas that removes more than

90 percent of all particles larger
than one micron (about one-fiftieth
the width of a human hair). This
level of filtration—by comparison,
a standard building filters about
70 percent of particles above

3 microns with a MERV-8 filter—
gives healthier air with relatively
few additional costs.

Two core principles guided the
mechanical system design:
optimum health and reduced
energy use. After using a method of
analysis called computational fluid
dynamics (CFD) to study airflow,
Interface selected a displacement
ventilation system for the patient
examination rooms that achieves
both. This approach was also
applied to interior office spaces.

Displacement ventilation drops
cool air from the high point of an
interior wall at relatively low speeds
in a waterfall effect. Because cool
air is denser than warm air, it
pools at floor level. But as it
senses a warmer object, such

as a human body, the air rises.
Yet it remains cool enough to
cool the space’s occupant, with
temperatures typically rising
from 60°F at the inlet to 78°F

as it exits on the other side of the
room at the ceiling.

Using displacement ventilation,

air will cool the doctor and patient
primarily, but will not cool the entire
space and then reheat the air, as

is common. Therefore, less air flow
into the room is needed to maintain
comfort and, correspondingly, less
energy is used, as fan energy is
reduced by two-thirds and re-heat
of incoming air is eliminated.

Additionally, displacement
ventilation does not require air as
cool to achieve that same human
comfort. Whereas traditional
ventilation systems produce air at
55°F to bring overall temperature of
a space to, say, 75°F, displacement
ventilation requires 60°F (or greater)
incoming air to do roughly the same
job. In the Pacific Northwest, that
means it is possible to incorporate
outdoor air more often in cooling a
building, potentially for hundreds
of more hours per year, when the
outside air temperature is between
55°Fand 60°F.

Another benefit of displacement
ventilation is that there are typically
fewer contaminants in the air. This
was of particular interest to OHSU’s
physicians, who saw optimal

indoor air quality in the clinics as
indispensable to their mission of
promoting health.

AIR FLOW IN EXAM ROOMS
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In this displacement ventilation system, there is a “waterfall” effect,
as cool incoming air falls down the walls, pools on the ground and

rises as it is heated by people, computers and lights.

AIR TEMPERATURE IN EXAM ROOMS
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By raising supply air temperatures to 63°F, we create an approach that
is far more energy-efficient and results in a much more comfortable

exam room, with less air movement.

Interface prepared a computer
analysis showing air flow in the
displacement ventilation system.
We used the same type of airflow
analysis done on the macro level
outside the building on a micro
level here. From the simulation, one
can see how temperatures move

through the space, with cold air
dropping to the floor, being heated
by the body temperatures and then
exiting through the return air grille
across the room. This results in a
more comfortable exam room, with
much less air movement and less
energy use.
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[EED

Meeting the LEED (Leadership in Energy and Environmental

Design) certification requirements of the U.S. Green
Building Council was a key project goal. Achieving the
highest possible LEED certification level—Platinum —
involves unique design challenges that go beyond today’s
best practices and ask engineers to think outside the box
toward more integrated design and restorative practices.

FROM THE BEGINNING, the owner and developer insisted on a sustainable design that would

reduce operating costs, improve occupant comfort and health and reduce consumption of

natural resources. Collectively these measures also become a valuable benchmarking tool.
The developer set a goal of attaining a LEED Silver certification from the U.S. Green Building
Council. A LEED rating of Silver or better would qualify the project for the Oregon Business

Energy Tax Credit, worth somewhat less than $1.00/sq.ft. to the project, or about $300,000.

GBD Architects, Gerding Edlen Development and
Hoffman Construction each brought significant
experience with local LEED-rated projects, such as the
five-block project in Portland known as The Brewery
Blocks. Interface Engineering had also gained valuable
LEED experience with the Jean Vollum Natural Capital
Center (the first Gold-rated building in the western
United States), the Silver-rated Clackamas High
School and the Bronze-certified Marion County
Courthouse Square project in Salem, Oregon.
Interface has subsequently completed two more
LEED-certified projects in the Portland area, through
the first half of 2005.

LEED RATING SYSTEM

SUSTAINABLE SITES 22%
B WATER EFFICIENCY 8%
M ENERGY + ATMOSPHERE 27%
W MATERIALS + RESOURCES 20%

M INDOOR ENVIRONMENTAL 23%
QUALITY

The LEED rating system assigns relative weights to five categories,
and also allows a few extra credit points (not shown here) for
innovative design ideas or exceptional achievements in credit
categories.
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Next to the architect, the MEP engineer arguably has
the biggest role to play in meeting LEED goals. As many
as 27 possible points on the LEED scorecard for the
Center for Health & Healing (enough to achieve the
Certified label) directly relate to work performed by
Interface: HVAC and natural ventilation systems with
corresponding controls, stormwater management,
sewage conveyance, efficiency of water and energy
usage, choice of refrigerants, light-pollution reduction,
daylighting integration with electric lighting, renewable
energy sources, indoor air quality, thermal comfort and
potentially one or more innovation points.

Early meetings around the LEED goals largely consisted
of assigning responsibility for achieving points on

the LEED scorecard and evaluating costs. But LEED

is not simply a guideline to follow. As developer,
architect, contractor and engineer worked together

to choose materials and methods for the building,

the LEED system became a de facto design tool. The
building envelope’s energy-efficiency measures affect
the size of an HVAC system, which in turn affects the
air distribution system and costs, for example, and
rainwater collection equipment requires consideration
of locating underground storage tanks and providing
a dual plumbing system.

As the project went along, therefore, more and more
sustainable features became possible through the
synergies fostered by an integrated design approach.
Soon it became apparent that the building could not
only meet Silver LEED standards with relative ease —
no small feat given its large scale and diverse program
elements—but was poised to potentially reach the
LEED pinnacle: a rare Platinum rating. That would
confirm the building as one of the most sustainable,
high-performing buildings ever constructed.

A number of the required points needed for the
Platinum rating require specific actions during
construction, something that will not be completed
until the summer of 2006. We expect the final rating
on the building to be verified by the end of 2006.

STANDARD LEED VERSION 2.1 CHECKLIST

The project’s LEED consultant kept track of potential credit points throughout the process. Interface’s work could
affect (either solely or as a team member) points in the highlighted categories. The LEED checklist is a key tool for the
integrated design process, keeping track of major decisions, design responsibilities and documentation needs over a

three-year design and construction period.

Business Case for High-Performance Green Buildings
Mechanical and electrical engineers should always

be concerned about designing with an economy of
resources and about providing energy efficiency, water
conservation and indoor air quality measures that have
economic validity and add value to the building.

The business case for high-performance buildings,
however, rests on more than just payback of energy
and water conservation measures, or return on
investment from on-site power production or
wastewater treatment. Some of the key arguments
for high-performance green buildings that apply to
this project include:

1. Reduced upfront capital costs through integrated
design measures and outside-the-box
engineering thinking

2. Reduced operating (utility) costs for energy and
water (value of $1-3/sq.ft./yr.), often with very high
returns on incremental investments
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. Increased worker productivity through daylighting,

views of the outdoors and a healthy indoor
environment (even a one percent productivity gain
is worth $2—4/sq.ft./yr.)

. Increased ability of firms to recruit and retain

a high-quality workforce, especially in the service
and knowledge economy

. Reduced potential liability for future problems

with indoor air quality, mold growth and
sick-building syndrome

While many of these benefits are hard to measure
at this time, we believe that the examples of cost
reduction measures provide a valuable first step in
assessing the economic success of the design
effort. At this time (fall of 2005), construction is
well underway, all strategies have been fully priced
by the contractor, and we anticipate no significant
cost increases or value engineering measures

that would materially change the systems
originally designed.

In mid-2003, the state of California commissioned the
most detailed study to date of the financial benefits of
green buildings. This report concluded that the majority

6. Through green-building certification, provide a visible
commitment of an organization’s commitment to
sustainability, with valuable gains in community
public relations, marketing and occupant morale

of the benefits result from increases in productivity
and well-being in such buildings as shown in the

7. Increased real estate value through reducing table below.

operating costs and occupant turnover, resulting
in increased net operating income (NOI)

. . . . . FINANCIAL BENEFITS OF GREEN BUILDINGS
8. Making good use of financial and tax incentive
programs offered by utilities, nonprofits and local, CATEGORY 20-YEAR NET PRESENT VALUE
state and federal governments $/sQ.Fr.
Energy savings $5.80
9. More predictable operating results and & 8 >
increased occupant satisfaction through building Emissions savings 1.20
commissioning and integrated design measures Water savings 0.50
Operations and maintenance savings 8.50
Productivity and health value 36.90—55.30
Subtotal 52.90—71.30
Average extra cost of building green (-3.00—-5.00)
g (not present in this project)
g Total 20-year net benefit 49.90—66.30
’ Source: <www.cap-e.com».




“...ACTUAL ENGINEERING PRACTICE PRESENTS [AN

INTRIGUING AND] DIFFERENT POSSIBILITY...SAVING

EVEN MORE ENERGY CAN OFTEN ‘TUNNEL THROUGH

THE COST BARRIER,” MAKING THE COST COME DOWN

AND THE RETURN ON INVESTMENT GO UP.
[THE MAIN WAY] TO ACHIEVE THIS MORE-
FOR-LESS RESULT [IN A NEW BUILDING]...
IS TO INTEGRATE THE DESIGN OF AN ENTIRE
PACKAGE OF MEASURES, SO THAT EACH MEASURE
ACHIEVES MULTIPLE BENEFITS, SUCH AS SAVINGS
ON BOTH ENERGY AND EQUIPMENT COSTS.”

COST EFFECTIVENESS LIMIT

MARGINAL COST EFFICIENCY OF IMPROVEMENT

CUMULATIVE RESOURCE SAVINGS
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ENERGY STRATEGIES

LIGHTING CONTROLS/DAYLIGHTING
CHILLED BEAMS

FIRE + LIFE SAFETY

ARCHITECTURAL INTEGRATION

elergy

\

The mandate for energy savings 60 percent greater than
code (based on the LEED 2.1 standard, ASHRAE 90.1-1999)
at the Center for Health & Healing could only be met by

scrutinizing every aspect of the building’s energy usage.
Luckily, such intensive thinking using energy modeling is the
basis for every sustainable project at Interface Engineering.

ENERGY STRATEGIES BASELINE ENERGY ESTIMATE

During an integrated design process there is always a give-and-take among

M HEATING 54%

architect, contractor and engineer during conceptual design and schematic LIGHTS 19%

design phases. Energy modeling uses a basically agreed-upon building M EQUIPMENT 12%
orientation and massing to create a baseline model of the proposed project. : ;Z:L\L"ﬁ:s/

This model incorporates a prescriptive code-compliance approach for the B FANS 6% ’

basic building envelope and systems to meet comfort conditions for a given

climate and other factors. From this baseline, Interface’s engineers propose The baseline energy model shows end uses of energy (heating, lights,

. . equipment, cooling, hot water and fans) that apply to a building
and test energy efficiency measures (EEMs) or groups of measures as potential | thatjust meets the energy code. This is the baseline for assessing

. . . our energy performance, once all efficiency measures and solar
solutions. The graphic shows the results of the baseline energy model, contributions are analyzed. From the chart, it's easy to see that

according to the ASHRAE 90.1-1999 standard. heating dominates the energy use for this building, requiring more
than half the total energy of the base building.
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Modeling: A Design Tool

For some, energy modeling largely confirms decisions
that have already been made. But for Interface, it
becomes a design tool that can prompt new strategies,
systems choices and material selections. Modeling will
never yield perfect data, but it’s very close to actual
performance (typically within about 5 percent for
commissioned buildings), providing a snapshot of a
building’s performance before design is completed —

a crucial tool, therefore, in reaching a higher level of
efficiency, while keeping costs under control.

Normally in an integrated design project, the
engineering team should have input on site selection,
building massing and orientation. With the Center

for Health & Healing, as it happened, the architects
designed the long axis of the building almost exactly
east-west, an orientation ideal for taking advantage of
passive solar heating in winter. To limit building heat
gain from summer sun, thereby reducing the required
size of the HVAC system, the design team studied
overhanging sunshades, which the team later decided
would be an ideal location for solar electric panels, or
photovoltaics. Solar electric systems receive strong
financial support in Oregon, and Interface often assists
clients in identifying available funding sources for
supporting renewable energy and other sustainable
approaches, in this case the Oregon Business Energy
Tax Credit and grants from the Energy Trust of Oregon.

A key question, though, was how shading from future
buildings would affect the Center for Health & Healing’s
access to sunlight. Therefore, GBD Architects conducted
extensive daylighting studies with a district model
showing all planned development around the building.
The BetterBricks Integrated Design Lab in Portland
employs a heliodon that allows designers to study
shading at any hour of the year.

SOLAR MODEL STUDIES

Supported by the Northwest Energy Efficiency Alliance, the BetterBricks Daylighting Lab provides advanced studies for
buildings. GBD Architects provided a model of the OHSU building and the anticipated River District buildings, which were
then exposed to simulated sunlight at several times each day, during a number of periods of the year, including both
solstices and both equinoxes. The photographs by GBD show (A) December 21 at noon; (B) September-March 21 at g Am;

and (C) September—-March 21 at 5 PMm.

Examining the building model

in a district context allowed

us to make a number of early
design observations which
guided our decisions in the
subsequent design phases.

We were particularly interested
in the solar exposure of the
south facade, given the expected
325-ft. height of a planned
building immediately to the
south of the Center for Health

& Healing. These observations
show the power of early modeling
studies of buildings in an urban
context.

O South fagade receives full sun
all day in summer

O South fagade receives full sun
only after 1 PM in winter

RESULTS OF THE PRELIMINARY SOLAR STUDY

O South fagcade windows need
shading devices all year round,
even when the block to the south
is developed with a full height
tower (325 ft.)

O East and west stair towers receive
full sun for four hours per day
year-round, providing good
thermal dynamics for natural
ventilation air movement

m}

North courtyard receives almost
no direct sunlight during fall
and winter months, making it

a cool, shaded place during
those months

m}

If buildings to the west are kept
low, this will allow some direct
afternoon sunlight to reach the
north courtyard on summer
afternoons, making it a more
pleasant space
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CONCEPTUAL DESIGN FOR ENERGY EFFICIENCY

SOLAR
THERMAL
COLLECTOR

—— SUNSCREENS
WITH INTEGRATED
PV PANELS
60KW TOTAL

ECO-ROOF

61%
LESS ENERGY
USE

With a goal of saving 60 percent of the energy of a conventional
building, we knew we’d have to look at dozens of energy-efficiency
measures, as well as capture and use as much solar energy as
possible. Eventually, 42 specific energy-efficiency measures were
incorporated into the building.

Using that information, the building was designed so
that windows could be shaded during peak light and
heat times in the summer, but would let sunlight in
during the fall, winter and spring months when heating
is needed in Portland. (The model studies showed that
there was still a lot of shade on the lower part of the
building in the spring and fall months.) So sunshades
and photovoltaic panels were included only above the
fourth floor. Nonetheless, we determined that there
still was substantial solar income for the majority of
the year; also we did not want to lose the free solar
energy falling on the sunshades; hence the inclusion
of photovoltaic panels.

And speaking of taking advantage of natural resources,
the regional climate is always a factor in a building’s
energy-efficiency strategies. Because the area west of
the Cascades enjoys mild weather, and also because
energy is moderately priced in Portland compared with
national averages, the design team had to be conscious
of including the most cost-effective measures that
would result in an ultra-sustainable building mostly
geared toward longer-term savings. Because OHSU
expects to occupy this building for a very long time,
however, the development team made the economic
decision to embrace sustainable design and its

To reduce a building’s overall energy use the engineers
first examine end uses for energy: heating and cooling,
lighting, plug loads (from computers, printers, etc.),
fans, water heaters, motors and pumps. To achieve a
60 percent reduction in energy use versus applicable
codes, the law of averages dictated that energy for
some end uses would have to be cut by more than

60 percent.

In cooling a building, it’s always more efficient to keep
heat from ever entering than it is to flush that heat

out with refrigerated air. So the sunshades were a
start, keeping heat from entering the building during
summer. The building’s thermal mass (particularly its
concrete) could also be harnessed to keep temperature
fluctuations within a narrow range. The groundwater
that had to be pumped offsite anyway could also lend
some of its coolness, as we shall see.

Because energy prices are more expensive at certain
peak hours (and likely to grow at a faster rate), the
Center for Health & Healing also takes advantage of
what is known as the thermal flywheel concept. Through
various forms of energy storage, cheap heat generated
by the microturbines 24/7 is stored until needed, then
used to warm the building or create hot water. Led

by Andy Frichtl, Interface first took advantage of the
thermal flywheel in 1997 with the eight-story Pacific
Gas Transmission Building (now headquarters for
David Evans & Associates), which won a regional
“Architecture + Energy” award for its innovative
ice-storage system, the first in Portland. In that system,
electricity is used to make ice at night, which is then
melted to provide cooling during the day.

“...SAVING A LOT OF ENERGY, OR ANY OTHER RESOURCE,
AT LOW COST IS LIKE EATING A LOBSTER.
TO DO IT SUCCESSFULLY REQUIRES BOTH A GRASP OF

SYSTEM ANATOMY AND ATTENTION TO DETAIL. THERE ARE BIG,

OBVIOUS CHUNKS OF MEAT IN_-THE TAIL AND FRONT CLAWS.

THERE’S ALSO A ROUGHLY EQUAL QUANTITY OF TASTY MORSELS
HIDDEN IN CREVICES, REQUIRING SKILL AND PERSISTENCE

resultant reduced operating costs.

TO EXTRACT BUT WORTH THE EFFORT.” FROM NATURAL CAPITALISM, 1999
BY. PAUL HAWKEN, AMORY LOVINS
AND L. HUNTER LOVINS
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DESIGN
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RIGHT-SIZING: Carefully analyze
demand and take advantage of
energy storage opportunities,
reducing HVAC system sizing
without sacrificing comfort.

COST-TRANSFER: Through
creative design of HVAC systems
and use of incentives, savings can
flow to other parts of the building
project.

USE FREE ENERGY: Assess the
free resources available to the
project: sun, wind and water, along
with seasonal air, groundwater
and earth temperatures.

REDUCE DEMAND: High-
performance buildings first cut
demand for heating, cooling,
lighting, fan energy and other
major users of energy, so that the
supply systems can be smaller and
therefore less expensive.

Assume Nothing, Prove Everything

The next approach was to right-size the HVAC system.

Most mechanical engineers deliberately build oversized
systems to assure comfort at all times. The Center for
Health & Healing’s system, however, is a more literal

reflection of need. This is a divergent approach from

traditional mechanical design. But Frichtl’s motto for

this project was “Assume nothing, prove everything!”
The Center is foremost an envelope-intensive building,
not system-intensive. The building’s energy-efficient

windows, extra wall insulation, concrete floors at

ground level and other features provided a solid
envelope to maintain a mild temperature range. The
natural ventilation approach utilized in stairwells also

brings reduced loads by cutting the available space

that requires mechanical heating and cooling.

Based on the energy modeling results, which

corroborated our design intuitions, Interface felt
confident in selecting an HVAC system with less
extra allowance for peak heating and cooling loads.

(The system has a built-in capacity for expansion later.)

In return, we expected to reap substantial savings,
both in capital and operating costs.

LOAD-SHIFTING: Thermal energy
storage systems act to shift loads
from peak to off-peak periods,

so that loads can be met with
cheaper power sources and peak
systems can be down-sized.

CHALLENGE STANDARD
PRACTICE: Good engineering
design should always start with the
basics of comfort and health, and
not be afraid to challenge codes
where necessary with performance-
based designs.

RIGHT-SIZE SYSTEMS

The success of integrated design
efforts depends on engineers’
willingness to make systems

only the appropriate size, an
approach called right-sizing.

In their landmark book, Natural
Capitalism, Hawken and the Lovins’
take standard engineering to
task for optimizing sub-systems
while “pessimizing” whole
systems. In our approach to this
project, we looked for right-sizing
opportunities such as:

O Eliminate excessive safety
factors which build unneeded
cost and inefficiency into
systems, often called the “belts
and suspenders” approach to
design (using both to hold up
your pants, where one alone
will do the job)

UTILIZE RADIANT SPACE
CONDITIONING:

Often we can meet comfort
standards at a lower cost by
employing radiant heating and
cooling instead of convective
heat transfer.

RELAX COMFORT STANDARDS:
Approaches such as natural
ventilation and radiant space
conditioning achieve thermal
comfort without conforming rigidly
to a 73°F £ 2°F approach common
to conventional systems.

O Challenge standard practice:
Calculate demand from basic
principles, rather than using
traditional HVAC design
rules of thumb which contain
many hidden assumptions
and safety factors

O Assume nothing,
prove everything!

O Build in expansion capabilities,
rather than trying to accomplish
everything at the beginning

O Challenge restrictive codes
which add cost without benefit,
through successful appeals
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Additional efficiency comes from a variety of sensors
and controls. Inside meeting rooms, for example,
carbon dioxide sensors (CO2 concentration is a sign of
human occupants) reduce ventilation systems when
the spaces are empty. In laboratories, building relief

air is recycled for use as exhaust make-up air, and
exhaust air is recycled to pre-heat building outside air.
Photo-electric sensors turn lights on and off according
to the amount of natural daylight in a room. Daylighting
incorporated into the design is expected to save
$20,000 per year in energy costs. Garage lighting levels
were also reduced, to bring $21,000 in annual savings.

Embrace Every Opportunity

A number of other individual measures and systems
will also add to the efficiency goal: a revolving door for
the atrium entry, premium high-efficiency fans, a heat
recovery system, low-pressure air filters, high-efficiency
transformers, and a solar water heater. Then there’s

the chilled water plant, which will bring nearly
$128,000 in annual savings with a payback of just

three and a half years.

And whether it’s a single-family home or a 400,000
sq.ft., multi-use medical building such as the Center for
Health & Healing, efficient windows virtually always pay
for themselves. With incentives figured in, the payback
for high-efficiency glazing chosen for the building

is about three years—and as energy costs rise, the
savings will accelerate in the future.

It takes a wide spectrum of efficiency measures to
surpass a standard building by more than 6o percent.
Some measures brought small gains in efficiency,
while others were large. But all were of equal
importance to an integrated design team that
embraced every opportunity for making the building
perform better.

THERMAL ENERGY STORAGE CONCEPTS
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For this project, we provided a series of thermal energy storage tanks and systems, including the concrete slab of the
first floor and the swimming pool in the health club. Thermal energy storage helps to smooth out the demand for gas and
electricity in the building, lowering energy costs, and allowing us to reduce the size of the HVAC system.

Integrated Energy Storage Systems RADIANT HEATING AND COOLING

A final effort to achieve synergies came from
incorporation of energy storage systems into the
design. From the image, you can see that there is

a hot-water storage tank containing heat from the
microturbines. There is a warm water storage tank with
energy from the solar thermal collector outside floors
15 and 16, and from heat recovered from the heat
pump chiller. Finally, there is a cold-water storage
tank using all the cool water from the recovered
rainwater and pumped groundwater, held in the fire
storage tank below the building. Each of these energy
storage systems is used to provide “cheap” heating

or cooling to some aspect of the building’s energy : - - -
We incorporated radiant heating and cooling

systems into the first floor slab to provide a
more comfortable environment without
having to move large volumes of air. Radiant
space conditioning also provides more
comfort at a broader range of air temperatures
than air movement alone.

demands. In addition, the concrete slab of the building
mass provides thermal energy storage and allows the
building to remain cooler on warm days than it would
otherwise be. Finally, the swimming pool in the health

club is used as a heat sink with waste heat from the
microturbines, thereby getting more energy out of each
therm of gas burned to make electricity.

Other energy efficiency measures come from
architectural choices, including the envelope measures
such as high-performance windows and extra floor
insulation. For this building, the team decided on added
insulation in walls and floors, going from a standard R-
19 to R-21 in the walls and from 5-in. to 12-in. expanded
polystyrene (EPS) below the floor.
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RADIANT THERMO-ACTIVE SLAB

At the beginning of design, the team looked seriously
at natural ventilation for the building lobby and
atrium, but decided that the combination of huge
louvers, noise and other esthetic considerations
mitigated against this approach. With an abundance
of free cooling water from pumped groundwater and
reclaimed rainwater, the radiant cooling approach
suggested itself naturally.

Given the huge concrete slab on the ground floor, we
were able to use a radiant floor heating and cooling
system, which displaced cooling tonnage and was
cost-neutral against a standard VAV-system for
heating and cooling the lobby space. In addition,
this approach requires no fan energy for mechanical
cooling, just for ventilation. Temperature control

in this pass-through space is not as critical, so the
radiant approach also works well. The concrete

slab also acts as a place to store excess heating
and cooling energy.

RADIANT THERMO-ACTIVE SLAB/COOLING MODE

O

RADIANT
HEAT

Radiant heating and cooling is accomplished by burying tubes in the first-floor slab, then
circulating warm or cool water through them depending on the In , cool water
circulates through the slab prior to the next day’s occupancy. In winter, warm water begins to
circulate about 6 AM, so that the slab is at the right temperature as people arrive for work or
visits at about 8 AM.

ENERGY-EFFICIENT DESIGN MEASURES

Sometimes good engineering
requires a project designer to
take advantage of all feasible
measures to achieve high-
performance goals, in this case
60 percent energy savings over
both the Oregon Energy Code and
LEED version 2.1’s requirement—
ASHRAE 90.1-1999. Key strategies
we chose include:

O Radiant cooling for the atrium
and lobby ground floor, using
reclaimed rainwater and ground
water in the concrete slab

O Radiant cooling with overhead
chilled beams

O High-efficiency (95 percent)
boilers and chillers to reduce
energy input for primary
building conditioning

O Double-fan variable air volume
(VAV) air handlers and variable
frequency drives (VFD) on
most pumps and motors, both
serving to match supply and
demand more carefully

O Demand-controlled ventilation
(DCV) using carbon dioxide
sensors and occupancy
Sensors, so spaces are not
over-ventilated or over-lit
when not in use

O Heat recovery systems,
including from laboratory
and general exhausts and
returning gym air through
the locker rooms

O Displacement ventilation for
core exam/office areas to
reduce air contaminant levels
and to eliminate the need for
reheating supply air

O Load shifting using a system of
hot water storage and cold water
storage, both serving to reduce
peak-period demands (when
power is more costly)

O Passive heating/cooling and
natural ventilation of stair
enclosures

O Energy-efficient lighting fixtures
and controls, incorporating
daylighting wherever feasible

O Night-flush pre-cooling with
outside air up until one hour
before daily occupancy

O Economizers for free cooling
using outside air whenever
possible, taking advantage
of the generally cool daytime
temperatures year-round in
Portland

O Process water heat recovery,
for pre-heating hot water for
the building

O Occupancy sensors in lab
exhaust systems to avoid
dumping conditioned air outside
when labs are not in use

O Measurement and verification
plan for all energy and water-
using systems, incorporated with
building automation system,
to allow troubleshooting of
future energy use anomalies

O Building commissioning,
including field verification of
all energy-using equipment,
to ensure operation according
to design intent, as well as
peer review of design intent
during design development and
construction documents phase
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LIGHTING CONTROLS/DAYLIGHTING

JAMES CRIDLAND

Clackamas High School, LEED Silver.

Lighting represents about 23 percent of total energy use in a standard building

of this size. Interface’s designers set an early goal of reducing lighting energy

consumption by 50 percent over the ASHRAE 90.1-1999 standards.

To meet this challenge, Interface set out to use a
combination of innovative light fixtures and lighting
controls that met the needs of a medical office

and research building while still meeting energy
conservation goals.

In the many exam rooms of the facility, the standard

of two 1-ft. x 4-ft. lensed fluorescent luminaires were
replaced with a single, multi-lamp 48-in. diameter
lensed skydome that mimics the natural light common
to the perimeter offices of the building. A combined wall
switch/occupancy sensor turns on half of the lamps
only when the room is occupied, and an automatic
switch labeled “exam lights” permits the remaining

half of the lamps to be turned on when higher light
levels are needed.

Seeking to gather energy savings where possible, the
designers specified reduced lighting levels for lobbies
and other pass-through spaces. Hallway occupancy
sensors and local daylighting sensors switch off
normal and emergency lighting in these areas when
there is either sufficient natural light or the spaces are
otherwise unoccupied. Significantly reduced outdoor
lighting with cutoff fixtures further reduces energy
consumption, easily meeting the LEED requirements
for eliminating light pollution.

Other innovative design solutions included:

O Multi-lamp high bays in the athletic club, tied to
daylighting controls, switch down lighting levels as
natural lighting becomes sufficient

O Occupancy sensors in stairwells switch lighting on
and off to follow an occupant up or down, allowing
the lighting to stay on for the minimum time needed
for egress. (During the evening, this will give the
building a dynamic appearance)

O Perimeter offices with occupancy sensors have a
daylighting control activated, keeping room lighting
off whenever there is sufficient natural light

As a result of these extensive energy conservation
measures, energy modeling for the project predicts a
total reduction of lighting energy use by 45 percent,
approaching the original design intent. This alone
represents a reduction of 16 percent in total electrical
energy use for the project.

HIGH-EFFICIENCY T5-HO LAMPS

Ts high-output lamps use less material than conventional T8 lamps for the same light output.
They create a more intense light source so need to be used where glare would not be an issue.
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CHILLED BEAMS

One of the technology innovations we employed at the Center for Health &
Healing is the use of chilled-beam systems for passive convective cooling.
These systems consume less energy than traditional air-conditioning systems,
and the corresponding HVAC system can be more than three times smaller
than a more conventional approach using forced air movement for cooling.
They allow reduced floor-to-floor height, since ductwork is eliminated, and can
reduce the size of mechanical shafts and the space needed for fan rooms.

Chilled beams combine convective cooling systems

CHILLED BEAM

Chilled-beam systems, (depending on whether they are active,
passive or multi-modal) consist of an assembly of copper tubes and

aluminum fins in the ceiling, through which water circulates, to raise

or lower space temperatures as desired. Induced thermal currents
help move air in the space, without the need for fans.

CHILLED BEAM DIAGRAM

with displacement ventilation to reduce energy use,
improve comfort and reduce the architectural impact of
ductwork and other mechanical systems. These systems
are used throughout Europe but seldom have been
considered in the United States.

How do they work? Chilled beams sometimes combine
with a fan that passes air through the beam, cooling the
room air. This system enhances the natural convection
effect of warm air rising and cool air falling. The beams
also cool objects in the room by absorbing their

FINS

radiant energy.

AIR MOVEMENT

WARM
WATER
cooL
WATER

TROX USA, INC.

Conditioning with chilled beams typically provides

20 percent to 30 percent energy savings over
conventional air-conditioning systems. The beams
may be active (utilizing fans) or passive, just relying on
natural convection currents. The beams can be used
for limited perimeter conditioning or as a main cooling
system. The beams can provide heating as well, but
are typically used only for cooling.

This building utilizes both passive and active chilled-
beam systems, combined with displacement ventilation
and baseboard convective heat, to provide thermal
comfort and a mostly passive HVAC strategy. Chilled
beam systems can cost $100—$250 per lineal ft., but
using them results in reduced HVAC and building
system costs, along with reduced architectural and
structural cost, providing economic justification.

Chilled beams are a newer technology that provides not only the energy efficiency of a
radiant cooling system, but also an alternative ceiling treatment for designers. The
OHSU building incorporates hundreds of chilled beam modules and represents a major
energy-efficiency innovation.
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DESIGN SYNERGY:
FIRE + LIFE SAFETY

The three-story atrium comprising the Center for Health & Healing’s dramatic
ground-floor entrance brought with it the challenge of efficiently controlling
smoke in the case of a fire. A standard solution would be to place the required
large exhaust system on the roof. This, however, would not only have cost
significantly more, but would also disrupt the aesthetic configuration of
ceiling treatments and the rooftop garden, for a system that one hopes will
never be used.

Following the lead of Interface’s senior mechanical
engineer John McMichael, PE, early in the design
process, the team hypothesized that piggybacking
atrium exhaust with the 33,000-cfm garage exhaust
system could be a viable alternative. After all, the two-
block underground garage was large enough to require
correspondingly sizeable fans. The damper position
would merely need to be controlled so that it would
exhaust smoke in case of a fire. The garage exhaust
system does not need to operate during a smoke event,
and people are not likely to be running to their cars if
there is a lot of smoke in the building!

The building thus takes a performance model approach
instead of a prescriptive approach to fire and life safety.
Since the design provided for a two-floor balcony from
the athletic club hanging over the atrium, there were
additional complications: code requires smoke to be a
minimum of 10 feet above the highest walking surface.
To get around having this restriction apply to these
balconies, Interface performed a timed egress analysis
to show that people could exit these balconies before
the smoke reached them. This allowed the combined
exhaust system concept to be taken forward and
proven to fire officials, because it was such a variance
from the norm. Fortunately, approval was granted for
this synergistic approach, reaping a large upfront cost
savings, estimated at close to $200,000.

INTEGRATED GARAGE EXHAUST/SMOKE
EVACUATION SYSTEM
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To reduce the size of fans required for smoke evacuation from the
atrium and health club, and to avoid the cost of a separate system for
smoke control, Interface combined both into one system for the first
three floors. Garage exhaust is the normal operation, but during a fire
or smoke emergency, a damper closes that exhaust and opens the
atrium exhaust ducts. Interface worked with the City of Portland to
take this performance approach to fire protection.
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HUNT AIR

DESIGN SYNERGY:
ARCHITECTURAL INTEGRATION

Sometimes mechanical engineers get asked to do the impossible, like
squeezing a large fan into a small space! At this project, the developer faced
both height limits and rooftop profile restrictions that would have required
giving up more than 10,000 sq.ft. of the 16TH floor to a mechanical room to
house a typical-sized fan for a building this large.

Building Height Limits

A standard-size mechanical penthouse on top of the
building would have violated the height limits and
profile requirements imposed by Portland’s design
review process. The value of this space is not only the

lost rent (assume $200,000 for this space, at $20/sq.ft.

rent net of incremental expenses), but the reduction in
building value. In this case a fan room on the 16TH floor
would have reduced the overall value of the real estate
by up to $2.0 million ($200,000 annual loss divided by
0.10, assuming a cap rate of 10 percent.)

Fan-wall Technology

After investigating options, Interface Engineering came
up with an emerging approach of grouping a number
of smaller fans into a fan-wall array on the rooftop
penthouse. This approach is actually more energy
efficient, because in this case, a group of smaller fans
has a higher efficiency than an equivalent larger single
fan. For this project, we used CFD modeling by the
fan-wall vendor to determine that the air flows through
the fans would use less energy overall and could be
accommodated in a much shorter-length fan room.

Fan-wall technology offers many advantages over
traditional air handler design:

Smaller fan sections. A fan-wall array of any capacity or
pressure requires a maximum airway length (depth) of

36 in. compared to three or four times that amount for

traditional systems.

HUNT AIR OF TUALATIN, OREGON. U.S. AND FOREIGN PATENTS PENDING

CFD MODELS OF AIR FLOW

CFD models were used by Hunt Air to study the air flow through a
large fan (top) and an equivalent series of smaller fans (bottom),

to help reduce the length of the rooftop mechanical “penthouse.”
The fan wall array consists of 75 smaller fans that provide all the air

movement for the building.

Greater flexibility in sizing. Fan-wall technology offers
greater flexibility in unit sizing. Designers are able to
incorporate lower profile units where height restrictions
are involved.

Higher efficiency and lower connected load. Fans and
motors are sized for optimum efficiency, which often
results in a lower connected load and reduced size,
as well as lower cost of the electrical service.

Redundancy. Fan-wall technology provides greater
reliability due to increased redundancy of fan
components.

Lower first cost. The fan-wall array requires less
cabinetry, less fan and motor support framework, and
no sophisticated spring isolation system or sound trap,
reducing initial costs and fan horsepower.
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WATER CONSERVATION

WASTEWATER MANAGEMENT

Many people think that water supply will be one of the

major environmental and infrastructure issues of the

next 5o years. Even in a wet climate such as Portland, it’s
important to take steps now to cut building water use and
to reuse as much water as possible, effectively closing the
water cycle within the building itself.

WATER CONSERVATION

Water conservation is getting to be more of an issue for building design throughout the U.S.
even in places like Portland, where one of the largest rivers in North America, the Columbia,
flows right past the city. Many people advocate using reclaimed rainwater to supply building
water needs, and this is being done in Portland on a variety of Interface Engineering projects.

Going back to basic principles, the design team was Rainwater captured on the roof of a building this size in
determined to use as much of this free resource as Portland, for example, provides about 500,000 gallons
possible: both rainwater and the local groundwater per year, only enough water for the needs of a two-story
that has to be pumped continuously (at a rate of up to structure. Given the estimated 1,600 average users

200 gallons per minute) to de-water the building site. on a daily basis, the sixteen-story Center for Health

& Healing will use an estimated 3.3 million gallons of
potable water per year for sinks, toilet fixtures and
showers in the clinics, offices and health club. An
additional 1.7 million gallons is required for flushing
toilets and urinals in the building’s core. These uses
total 5.0 million gallons, after considering the use of
water-conserving fixtures. Thus, the available rainfall is
only about 10 percent of the building’s requirements.

However, contrary to its popular image as a rainy city,
Portland receives less cumulative annual rainfall (36 in.)
than cities like New York (almost 50 in.). The territory
west of the Cascade Range is actually mostly dry for

up to four months of the year (only 5 in. of rain falls
from June through September in a typical year). Thus,

it would be difficult for reclaimed rainwater to supply
more than a fraction of the Center’s total water needs
without very large storage tanks.
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BUILDING WATER CONSERVATION FLOWS
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In a large building in Portland, rainwater falling on the roof can only supply about 10 percent of water use, even with low-flow fixtures. In this
project, rainwater reclamation combines with on-site sewage treatment and pumped groundwater to supply about 56 percent of total water use.
Potable water is used primarily for drinking, food preparation and hand washing, while toilets and urinals in the building core are flushed with
reclaimed water, which also supplies the radiant heating/cooling system, site irrigation and the make up water evaporated from the cooling tower.

Economic Incentives for Conservation

Portland has comparatively high local fees for water
usage. And with the Center for Health & Healing’s
total annual sewage contribution estimated at five
million gallons (enough to trigger sizeable annual
charges), there was a strong economic incentive to
move forward with a rainwater reclamation system.
Interface has created more of these systems for large
buildings than any other engineering firm on the West
Coast. In addition, the City of Portland levies system
development charges (impact fees) that also made it
attractive to seek a design that contributed as little
wastewater and stormwater as possible to the city’s
overburdened combined sewer system.

Seeking water efficiency 50 percent greater than code
requirements (based on the Energy Policy Act of 1992),
not to mention eight LEED points potentially available
for water efficiency and stormwater management
measures, the integrated design team resolved to
make the Center for Health & Healing among the

most water-conserving buildings in the region.

The goal early on became to keep all rainwater on-site.
This was facilitated by the inclusion of 20,000 sq.ft. of
green roof area on various floors of the building shown
on page 30.

Providing enough water for all of the non-potable flows
for this project required some way to recycle the

5.0 million gallons per year of wastewater. An on-site
bioreactor for sewage treatment is something that had
not yet been done in the western United States for such
a large building. But after visiting New York City to tour
a LEED Gold-rated, high-rise residential project that
similarly utilized an on-site sewage treatment plant,
the design team became convinced it would work at the
Center for Health & Healing.

The team began by analyzing end uses for water, just as
had been done with energy efficiency. Research showed
that the primary uses came from sinks, toilets and
urinals, with showers (particularly in the large health
club on site), kitchens, landscape irrigation and the
cooling tower also drawing water. A first step, therefore,
was to select lower-water-using fixtures for sinks,
urinals and showers. Sinks use only 0.5 gallons per
minute (gpm) in the core toilet rooms, while urinals

use 0.5 gallons per flush, and showers in the health
club are rated at 2.0 gpm. In the exam rooms, the

water flow for hand-washing sinks was reduced from
2.5 gpm to 1.5 gpm. While slightly more expensive than
standard fixtures, they collectively will save about

37 percent more water than a conventional design.

Sometimes one has to inform the public when
trying new things in green buildings!
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With potable water at a premium, the Center’s
ambitious conservation scheme mandated the cooling
tower and landscape irrigation system use non-potable
water. This is accomplished through a combination

of rainwater, a small amount of pumped groundwater

s . . | TOTAL WATER SYSTEM MANAGEMENT
(primarily in summer when rainwater is largely

unavailable) and a large volume of treated sewage, the ‘ RAIN

last of which comes courtesy of the on-site bioreactor.

To account for the two types of water being used, the
team had to design a plumbing system that would pass
a tough city inspection, with 100 percent separation

of potable from non-potable water, in pipes or storage
tanks. Owing to consideration of users’ sensibilities,
non-potable water is only being used in the building’s

BLACKWATER PRODUCED

core water closets and urinals, and not in the clinics or 4
M POTABLE WATER SUPPLY
exam rooms. Because they would be using non-potable
NON-POTABLE WATER SUPPLY
water, health code regulations even required that signs
COOLING W RAINWATER
be placed on all toilets and urinals warning users not to TOWER
drink water from them!
CUL2,
With the building reusing so much of its own water, this
required on-site storage and treatment. The 22,000 _@ WATER MAIN (MUNICIPAL)
gallon fire-suppression storage tank—which building $ BLACKWATER SEWER
code requires for high-rise buildings—could simply BTLRAECA%QTNETR
. . < NON-POTABLE WATER
be made bigger, so that 16,000 gallons of water is
. . . . A
still reserved for a fire but plenty is also available for INFILTRATED
future re-use. But that, too, brings an integrated design GROUNDWATER
benefit: the inherent coolness of the water meant it
could be circulated through the building’s radiant slab All water and wastewater flows into and out of a building can be managed as a closed system,

with only a slight amount of sewage solids ever leaving the building, if conditions are favorable.
This form of whole-systems thinking leads to dramatic capital and operating cost reductions
in many cases.

as a way to cool part of the building.

WATER CONSERVATION STRATEGIES

DESCRIPTION BASELINE % DEMAND DESIGN RESULT WATER SOURCE
(MILL. GAL./YR.) REDUCTION  (MILL. GAL./YR.)

Fixtures utilizing potable water 5.0 37 3.3 Potable

Cooling towers 1.5 o) 1.5 Non-potable

Project irrigation 1.0 o 1.0 Non-potable

Total water use 7.5 5.8

Total potable 7.5 3.3

Total potable reduction 56%

Incl. future Park Blocks irrigation 1.2 o 1.2 Non-potable

Total 8.7 3.3

Total potable reduction 62%

When analyzing water flows, it’s important to aim for maximum conservation before trying new forms of supply. In this building, most of the water

conservation came from reducing faucet flow rates, since a medical building involves a lot of hand washing. Use of lower flow toilets and urinals is

a secondary source of conservation. The system can also accommodate irrigation of planned neighborhood parks in the future.
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Rainwater harvesting does require additional
expenditure. Extra storage tanks and plumbing lines
are necessary to separate potable and non-potable
water. The sewage is further treated with filtration and
ultraviolet light, and a backup system was included

as well. The system also included some premiums for
additional structural steel for the green roof. These
extra capital costs have to be compensated for, and the
savings from reduced water usage is typically not
enough (even though in the future, water, like energy,
is likely to become more costly). In this case, the city’s
impact fees and high usage charges for wastewater and
stormwater discharge add enough savings to justify
the system on a first-cost basis.

The Center will be a model building for water
conservation—from the day its doors first open—
taking advantage of free resources to achieve virtually

unprecedented resource efficiency in a building this size.

BIOREACTOR FLOW DIAGRAM

WASTEWATER MANAGEMENT

We first sought to minimize the amount of wastewater generation—to save
money on system development charges (impact fees) and ongoing water use
charges. And then, to capture the wastewater volumes (about 14,000 gallons
per day, on average) for re-use in the building for toilet flushing, cooling tower
makeup water and landscape irrigation. Reusing the reclaimed water even

for toilet flushing and cooling tower makeup water meant treating the water
to Class 4 standards—near drinking water quality.

The project sought out a third-party provider to build,
own and operate the treatment plant, in exchange for a
negotiated fee for wastewater treatment. Designed by

INCOMING
WASTEWATER

PRE-

FROM TREATMENT ADN\AGEERS(T)ELC
BUILDING, PROCESSING
AVG 14,000
GAL/DAY

BUILDING
WATER USE,
IRRIGATION
+
COOLING
TOWER
MAKEUP

TEMPORARY
STORAGE
16,000 GAL

Albany, Oregon-based Vision Engineering, the process
selected for this project was based on the availability
of third-party financing, a small system footprint, low

SLUDGE
DISPOSAL
1500
GAL/WK

maintenance, simple operation and superior effluent
quality for re-use. The diagram at left shows the flow
of wastewater through the system.

The system is located in the basement of the building
and is hooked up to the local sewer system in case

AEROBIC
DIGESTER
(MEMBRANE
BIOREACTOR)

OXYGENATION of emergency or for periodic sludge discharge.

BAsI The process itself requires very little operator attention.
With the exception of solids (sludge) handling

(a biweekly discharge to the sanitary sewer or to

a vacuum truck) and biannual membrane cleanout,

the plant will operate virtually unattended.
FINAL

EFFLUENT
TREATMENT

CONVENTIONAL WATER USE

The sewage treatment plant in the basement provides both anaerobic (without oxygen) and aerobic (with oxygen)
treatment of wastes, before final polishing and disinfection. The resulting Class 4 water is drinking water quality.
A small amount of sewage solids needs to be discarded every two weeks. The system operates automatically except for

periodic maintenance and repairs.

MUNICIPAL
POTABLE
WATER

BUILDING

Conventional buildings operate totally on potable water, typically
treated and filtered, for moving human and food preparation waste
out of the building into the sewer system. In Portland, a long-standing
problem of combined sewer overflows in winter means that every

new building without on-site water recycling adds to the pollution of
nearby rivers.

* MGY = million gallons/yr.
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DESIGN CHALLENGE:
ENVIRONMENTAL IMPACTS

This high-profile building incorporates many measures to reduce impacts on
the larger environment. Some of these directly interact with Interface’s design
work, while others result from the work of the architects, interior designers,
civil engineers and landscape architects. The building contains the following

additional significant environmental measures:

O Green roof of 20,000 sq.ft. (more than 50 percent O Inside the building, use of high percentages of
of the total roof area) for stormwater management, recycled content and locally manufactured materials,
rainwater harvesting and temperature moderation, as well as more than 50 percent use of certified
also providing some wildlife habitat in a dense wood products

urban environment
O Low-VOC paints, sealants, carpets and interior

O Managing all stormwater runoff from hardscape finishes, including a building flush-out prior to
areas on-site with the use of bioswales and other completion, to eliminate contaminants in the
green streets approaches that treat stormwater air stream

as well as excess pumped groundwater
o Construction waste management, reducing landfill

0 HCFC-free chillers that reduce the impact of disposal needs by 95 percent
energy use on the ozone layer

ECO-ROOF DESIGN

WALKER MACY, PORTLAND

Eco-roofs provide many environmental benefits, including reducing wastewater peak flows, adding insulation to the roof and creating
some wildlife habitat in the city. The eco-roof at this building covers more than 50 percent of the total roof area.

JANE PELLICCIOTTO
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CENTRAL UTILITY PLANT

MICROTURBINES

A A

At Interface Engineering, we’re aiming squarely at the target of zero net

energy buildings, first by using free energy from sun, wind and water;

second, by reducing demand through energy-efficiency measures; and

third, by investigating and designing innovative on-site energy production

systems that will supply the remaining needs.

Innovative Energy Production Systems

There is a strong argument for having buildings produce
more of their own energy needs. First, we eliminate all
the losses in the electric power system that result when
electricity is produced at remote sites, since a large
part of the thermal energy in natural gas, oil or coal
fuel sources is wasted at the point of combustion,

and then further energy is lost in the transmission of
electricity and through transformers that step down
the voltages to levels buildings can use. Second,

it is more responsible to produce energy close to

the point of use, since fewer losses result in fewer
pollution impacts. Third, the free thermal energy from
the natural gas combustion in microturbines can be
recovered and used.

Early in the design process, we analyzed several
potential innovative on-site energy production
strategies:

O A central utility plant serviced by five 60-kW
Capstone microturbines

O Building-integrated solar electric panels on the
building’s south-facing sunshades, with a total of
60kW of photovoltaic modules

O A large solar air heating system using low-iron glass
in front of the south-facing wall of the 15TH and
16TH stories

O A roof-top wind power system, using vertical-axis
Savonius rotor turbines

The first three measures were adopted, but our studies
showed that wind power was the least cost-effective
system, so after an initial analysis, it was dropped from
further consideration. In the following pages, we profile
each of the three systems we decided to use and

show how they work to reduce this building’s energy
demand on the larger electric power grid and natural
gas supply system.
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CENTRAL UTILITY PLANT
Interface Engineering designed the Central
Utility Plant (CUP), intended to serve first

the Center for Health & Healing and then
adjacent buildings in the Central District of
South Waterfront, as they come on line. The
CUP is located temporarily in a building on the
adjacent Block 24, with plans to relocate it in
2007 to a more permanent site in the district.

The rationale for a CUP for this project includes:

O Baseload power source for combined heat
and power (CHP)

O More efficient use of fuel

O Electricity is produced at a competitive rate,
but heat is generated at less than half the cost
of a conventional boiler

O Up to 8o percent of the waste heat can be
captured in a useful form, if used nearby

O Allows for synergy with the building’s thermal
mass and water storage systems

O Very low air emissions of carbon dioxide,
nitrogen oxides and sulfur oxides

O Lower carbon dioxide emissions than from
conventional coal or gas-fired power

O Diversity of energy uses allows equipment
downsizing, so that residential and commercial
loads can be serviced with a smaller system,
since they occur generally at complementary times
of the day and week

O Greater economic efficiency of centralized operations

O System can grow over time in a modular way as
more buildings are added to the district

RATIONALE FOR ON-SITE POWER

REMOTE POWER PLANT

67% EMITTED
AS WASTE

100% FUEL b POWER PLANT 33% ELECTRICITY b

REMOTE FROM THERMAL USERS

LOCAL CHP PLANT A
20% WASTE HEAT

USEFUL ENERGY
CAPTURED FOR
PRODUCING
HEATING/COOLING

47% W

100% FUEL b 33% ELECTRICITY b

LOCAL TO THERMAL USERS

Remote fossil-fuel power plants throw away two-thirds of the “source
energy” they consume, in the form of waste heat. They also generate
lots of air emissions and greenhouse gas emissions. Local gas-fired
microturbine power plants can use up to 8o percent of the source
energy, with fewer emissions, if a use can be found for the waste
heat. With a building located next door, it’s easy to use waste heat

for building heating, hot water use and thermal energy storage.

Interface Engineering examined several options for
providing chilled water and power from the CUP.

First, we specified 1,000 tons of high-efficiency,
water-cooled centrifugal chillers, rated at 0.46kW/ton,
using reclaimed water from the building and pumped
groundwater for cooling tower makeup water. Second,
we decided to look at alternative sources of on-site
power production as well, such as microturbines

and solar power.




DESIGN CHALLENGE: ON-SITE POWER | 33

MICROTURBINES

Owing to their market maturity, technological simplicity and much lower cost, microturbines

were chosen over fuel cells for this project. We calculated that, by generating our own power

on-site and using the waste heat efficiently, we were able to achieve about 78 percent

efficiency of fuel conversion, as against 32 percent in a typical electric power generating and

transmission system.

There are a number of benefits

to using microturbines to service

a building. Microturbines are
compact turbine generators that
deliver electricity on-site, or close
to the point where it is needed.
This form of distributed-generation
technology first debuted in 1998.
These solutions can reduce energy
costs and help preserve the
environment with their near-zero
emissions profile.

With over 3,000 installations
worldwide, Capstone Turbine

Corp. is the leading provider of
microturbine cogeneration systems
for clean, continuous energy
management, energy conservation
and gas-fueled renewable energy.
Interface Engineering chose to

use five of their 60-kW turbines

to power the CUP for this project,
located on the adjacent Block 24 of
the South Waterfront project area.

Financing. Initially, a third-party
provider was engaged to work with
Interface Engineering to design
the CUP, to supply electricity and
hot water at competitive rates to
the project. However, during the
design process, seeing a fairly rapid
payback of its initial investment,
the developer decided to retain
ownership and incur the cost for
the installation.

Electrical Output Use. Since the
building has a continuous load

of between 200-kW and 400-kW
for running fans, pumps, motors,
lighting, equipment and computers,
we did not intend to provide
power to the grid. Instead, the
microturbines are connected to
three of the four electrical services
in the building (the PV system

is connected to the fourth) and
regulate power output according
to demand.

Thermal Output Use. The CUP also
is designed to convert waste heat

from the turbine exhaust to hot
water, and send it to stratified
storage tanks in the garage below
the building. The hot water use

is prioritized first for pre-heating
the hot water supply for the
building. This hot water is used

for all building heating needs by
circulating through air handling
units, fin-tube units, and room-level
terminal re-heat units. It is also
used to provide hot water demand
for the building. If all of these needs
are satisfied, then the “cheap” heat
is stored in the first floor concrete

Andy Frichtl visits the microturbine
installation, October 2005, with Alex Charlton
of EC Power Systems.

radiant thermo-active slab or the
health-club swimming pool.

Future Expansion. The CUP size
and configuration was designed
for future expansion, as the South
Waterfront district grows. The
diagram shows how hot water lines
can be extended from the current
Block 24 site to other adjacent
institutional, residential and
commercial buildings. As the district
expands, additional microturbines
will be installed to meet the needs
of other projects for electricity and
hot water.

THERMAL ENERGY DISTRIBUTION SYSTEM CUTAWAY OF A MICROTURBINE
N GENERATOR EXHAUST
v COOLING OUTLET
BLOCK BLOCK BLOCK BLOCK FANS
34 35 36 338 RECUPERATOR
i FUEL
INJECTOR
BL;()(K BL’;)l(,K BL}()Z(,K B;(B)(AK Al COMBUSTION
| INTAKE CHAMBER
<4
BLOCK BLOCK BLOCK BLOCK GENERATOR
27 28 29 268
BLOCK g
BLOCK BLOCK 26A g
23 24 COMPRESSOR w
CUP PLANT AIR BEARINGS g
. ) . TURBINE g
Thermal energy from the microturbines can be distributed for o
heating throughout the district. Orange lines indicate thermal energy In a typical distributed generation project, microturbine power might
distribution lines installed or planned. The Center for Health & be connected to the Portland General Electric grid by means of a
Healing is Block 25. system that provides net metering which runs the meter backwards
whenever on-site power is greater than building demand. In Oregon,
however, utilities do not have to provide this service for systems
greater than 25kW, so it was not practical for this project to take
that approach.




34 | DESIGN CHALLENGE: SOLAR ENERGY

BUILDING-INTEGRATED PHOTOVOLTAICS

SITE-BUILT SOLAR AIR HEATER

olar

N E N

Solar power has great potential to move our society and economy away

from its strong dependence on costly, polluting and unreliable fossil-fuel
sources. At the Center for Health & Healing, we explored using solar energy
to supply both electricity and hot water to the building.

B UIL DING - IN TEGRA TED PHO TO VOL TAICS but there were also significant incentives for use of

PV panels: state and federal tax credits, accelerated
depreciation and bonus payments from the Oregon
windows in summer and lower the HVAC system requirements for cooling, Energy Trust to account for the full value of clean

By designing sunshades into the south facade, to keep the sun off the

a free surface became available for solar electricity-generating panels. power. These incentives help create a positive return
on investment for building-integrated PVs, or BIPVs

(panels which are incorporated into the building fabric),

This photovoltaic (PV) system relies on the same
P (PV) sy enough to make them a practical choice.

ultra-pure silicon strip that is used for computer chips.

But in this case the semiconductor-grade silicon is The system will produce a total of about 60kW of
“doped” with various chemicals to help it become an electricity at peak output—well below the building’s
electric power generator. minimum demand —indicating that all of the power

produced will be consumed on-site, thus constituting
a portion of the overall electricity picture at the Center
for Health & Healing. The estimated annual net energy
production in Portland is about 66,000 kilowatt-hours
(kWh) from these south-facing panels, after system
losses are included.

The photoelectric effect was first explained by Albert
Einstein in 1905. He showed that light consisted of
photons as well as waves. When photons strike the
silicon surface, they transfer a portion of their energy
to electrons in the material, and the flow of electrons
in turn triggers electric power. Today, the photosensors

SALLY PAINTER

used for controlling lighting in buildings and for many Through the model studies in Portland’s BetterBricks
other uses are based on the same phenomenon of daylighting lab, the team determined that the main
converting light into electric energy. PV array should start above the fourth floor, so that

the panels would be exposed to full sun for most of
the year, even as the district became built out over

the years, with several tall buildings planned to the
south of the Center.

Not only did the team want to demonstrate the
capability of this alternative energy source, which
produces no greenhouse gas emissions (GHG),




DESIGN CHALLENGE: SOLAR ENERGY | 3

SUNSHADE USE FOR SUMMER VS. WINTER SUN

SUMMER SUN
COOLING
NEEDED
PV PANEL
(MORE OUTPUT)

WINDOW —

BLOCKED
SUN

WINTER S
WARMING
NEEDED

PV PANEL
(LESS ouTPUT)

WINDOW—

SUNLIGHT
ENTERS

On south-facing windows from floors 4 through 14, overhangs were
designed to cut glare and reduce air-conditioning loads in summer,
allowing us to downsize the HVAC system. The overhangs also
provide support brackets for photovoltaic (PV) solar systems to
supply 60kW (peak) of electric power to the building.

The PV modules and overhang systems were assembled at the local
factory of Portland-based Benson Industries, a major supplier of curtain
walls and exterior cladding to large buildings.

Before the PV system could be implemented though,
the engineering task was to transfer energy from the
panels into the building’s electric power supply system.
Because PV panels produce DC power, the power needs
to be converted to AC through a device known as an
inverter. This typically happens in the electrical room

of the building.

SITE-BUILT SOLAR AIR HEATER

Another form of solar energy harnessed at the Center for Health & Healing

is arguably the most innovative of its kind in the West. On the 15TH and 16TH

floors of the building’s south side, which the architects had already decided to

set back from the lower floors of the building, the facade was transformed into

a giant solar air heater, 190 ft. long x 32 ft. high.

Several large sheets of low-iron
glass are placed 48 in. (4 ft.) from
the skin and sealed tightly. Warm air
then rises between the building skin
and the glass and is heated by the
sun shining through the glass. The
total area of glazing from this site-
built solar collector is 6,000 sq.ft.
Remember, even on cloudy days (for
which Portland is justly renowned),
the sun can warm up the interior

of a car with the windows closed.
The ensuing greenhouse effect
produces warm air, which is moved
through the air handling units
across a heat exchanger and used
to pre-heat water for use in the
building (for example for hand
washing in bathroom sinks and
exam rooms).

Although solar hot water heaters
have long been used for single-
family homes, they are seldom
taken advantage of in large
buildings, mostly because they
require a large surface area. But in
this case, the existing building form
included an ideal location on top.
And the collaborative method of the
integrated design team allowed for
its timely identification, analysis
and incorporation into the design.
With wholesale gas prices near $10
per million BTU (early fall, 2005),

by utilizing other tax and financial
incentives, this unique solar water
heater has a positive return

on investment.

One other benefit: by doubling as
an extra skin, i.e., as a Trombe wall,
the solar collector has the effect of
warming the clinic and lab spaces
in winter and reducing the amount
of heating otherwise needed. The
unit offsets about one percent of
the energy use of the building,
making a positive contribution

to energy conservation, requires
almost no maintenance, involves
no replacement costs over time and
has a societal benefit for all to see.

SOLAR AIR HEATER

GBD ARCHITECTS

LOW-IRON MECHANICAL
GLASS “PENTHOUSE”

i 16TH
A/FLOOR
v\‘15TH

FLOOR

The penthouse air handling unit circulates air between the glass
and the wall. Solar-heated air is then used to pre-heat water for use

in the building.
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Steve Dacus, PE, of Interface, acts as the
ioning agent for the project.

COMMUISSIONINE

Building commissioning is an essential step in the design and construction quality

assurance process. For any project to be certified, LEED requires basic commissioning

procedures. It also provides one point for certain additional commissioning steps.

Interface Engineering commissions most of its own projects and also acts as a third-party

commissioning agent for projects designed by others.

Benefits of Commissioning

Arecent (December 2004) Lawrence Berkeley National
Laboratory (LBNL) study® meticulously compiles

and standardizes commissioning data from 224
commercial buildings—by far the largest available
collection of standardized information on actual
building experiences.

This U.S. Department of Energy-funded study concludes
that commissioning is indeed cost-effective for both
new and existing buildings over a range of facility

types and sizes, not only in terms of energy savings

but also in non-energy benefits. Investigators found
that commissioning new buildings achieved median
payback times of 4.8 years, based on a commissioning
cost of $1.00/sq.ft. (For this project, commissioning
costs were below $0.50/sq.ft.)

Importantly, non-energy benefits contribute
significantly to commissioning’s overall cost-
effectiveness. These benefits include improved
equipment lifetimes, reduced change-orders due

to early detection of problems, prevention of
premature equipment breakdown by timely correction
of problems, reduced operation and maintenance
costs, and improved indoor environmental quality.

When these often-overlooked benefits were

taken into account, the cost-effectiveness of
commissioning increased considerably, particularly
among new buildings. For the cases where
estimates were available, one-time non-energy
benefits were $1.24/sq.ft./yr. for new construction,
effectively offsetting the entire cost of
new-building commissioning.

* Available at <eetd.lbl.gov/emills/pubs/cx-costs-benefits.html>.
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The Commissioning (Cx) Process

Commissioning involves achieving, verifying and
documenting the design intent of building systems

in the field. Cx assures the building owner that
systems are installed appropriately and functioning
at or above required efficiency levels. Commissioning
typically takes place throughout the design and
construction phases, and it involves working closely
with mechanical, electrical and controls contractors to
fix any problems that surface during the testing and
verification process.

Interface has a successful history of providing Cx
services to building owners, both as the primary
commissioning provider and as part of a supervising
design team working with third-party commissioning
agents. Getting systems to operate properly involves
solving many diverse challenges. In our view, design
engineers are best qualified to verify performance of
systems, solve problems and verify the completion of
all subcontractors’ work in order to deliver a system
that functions well. In this way, the feedback from this
process can be used in future designs.

Major building systems that require commissioning
at the Center for Health & Healing include:

O Chilled water systems

O Hot water systems

O Air handling units

O Terminal units

O Radiant heating and cooling system
O Chilled beams

O Heat recovery systems

O Domestic water supply systems

O Building automation systems

O Lighting controls

O Smoke control system

Interface’s commissioning process includes the
following key points:

O Prepare a Cx plan and specifications
O Conduct on-site Cx meetings with contractors

O Review outstanding items for contractors’ and
sub-contractors’ punch list

O Pre-functional testing, i.e., verifying switches and
controls are communicating with each other

O Detailed functional tests for:

= All mechanical systems and controls

= Selected electrical systems and controls

= Lighting systems and controls

= Water reclaim systems
O Verify water and air flow balancing readings for HVAC
O Verify operator training

O Prepare Cx report for owners

The Commissioning Report

The Cx report becomes the owner’s best guide for
fine-tuning systems at regular intervals, training new
operators and re-commissioning the building. The LEED
additional commissioning credit also requires Interface
to prepare a re-commissioning manual. We also review
the commissioning report, interview building operators
and trend-log the energy management system before
the end of the first year of occupancy, to determine

if key systems are still working as intended, and
recommend further system optimization adjustments.
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Incentives for Energy-Efficiency and

Renewable Energy Investments

In Portland, Oregon, utility costs are generally
moderate; electricity costs about $0.05/kWh and gas
about $1.10/therm®. However, in Oregon, there are two
major sources of financial and tax incentives:

O Energy Trust of Oregon pays $0.10 per annual saved
kWh and $0.80 per saved annual therm, and also
offered an incentive payment for solar electricity
of $0.30 per annual kWh produced (recently
reduced to $0.15/kWh)

O Oregon Business Energy Tax Credit offers a 35 percent
tax credit (taken over five years, this credit has a net
present value of about 25 percent) of the incremental
cost of energy efficiency investments, including PV,
and offers a LEED credit for this size building
that returns between $0.75 and $2.00/sq.ft., net,
based on the level of LEED-certification

There is also the new Federal law, the Energy Policy Act
of 2005 (EPACT), that offers a 30 percent tax credit for
photovoltaics and solar thermal systems. Federal tax
law may also offer accelerated depreciation for some
PV investments. The new law increases the existing

10 percent investment tax credit for commercial solar
installations to 30 percent for two years with no cap on
the amount of the credit. This applies to all property
placed in service after December 31, 2005 and before
January 1, 2008; the credit will revert to the permanent
10 percent credit thereafter.? EPACT also provides a tax
credit of up to $1.80 per sq.ft. for energy conservation

SCONOHIINCS

measures that will reduce modeled energy use by 50
percent over the new ASHRAE 9o0.1-2004 standard. If
applicable to this project, the new tax credit would be
worth an additional $720,000 to the building owners.

Overall Cost Impacts
This list summarizes the various cost impacts of the
major design measures:

O Mechanical, electrical and plumbing (MEP) initial
cost savings: $4.5 million, including tax credits and
utility incentives

O Rainwater harvesting: cost-neutral

o0 On-site sewage treatment: cost-neutral,
provided by third-party vendor

O Central utility plant: originally cost-neutral with
third-party vendor, later switched to developer-
financing for their own benefit

O Incremental costs of about $975,000 for
energy-efficiency measures, excluding solar

0 $500,000 for PV system and $386,000 for solar
thermal system

0 Building commissioning, required by LEED, was extra,
at a cost of about $150,000 for basic commissioning
(excluding smoke control system testing)

* Summer 2005 commercial building costs based on Portland General Electric and

Northwest Natural Gas tariffs. A therm is 100,000 BTUs.
2 “Solar Granted A Major Victory in Energy Bill,” found at c<www.renewableenergyaccess.com/
rea/news/story?id=34850, accessed 9/15/2005.
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COST TRANSFER

To keep initial costs neutral or lower for high-
performance buildings, designers of high-
performance buildings think about how to transfer
costs from mechanical and electrical systems to
architectural systems, with such approaches as:

o Passive space conditioning, utilizing thermal
mass and radiant systems

o Relaxed comfort standards (where feasible)
to reduce HVAC equipment size and lighting levels

o Using smaller equipment-based systems requiring
lots of outside energy input to more robust
systems integrated with the building envelope

o Using fewer short life-span mechanical systems
(25 years or fewer) in favor of longer-lived
passive space conditioning, energy storage
and structural thermal mass systems that might
last 50 to 200 years

o Using more simple control strategies
wherever possible

o Build in ability to add future capacity as needed,
but defer cost for now

COST TRANSFER IN GREEN BUILDINGS

100 M ARCHITECTURAL
B MECHANICAL
ELECTRICAL
Py ™ STRUCTURAL
80
60
40
) I I
o CONVENTIONAL GREEN
BUILDING BUILDING

In this project, the engineers were able to reduce the initial MEP
budget by about $4.5 million (net), allowing some of this budget to
be transferred to architectural uses. Integrated design approaches

allow this “cost transfer” to occur from HVAC, plumbing and electrical

systems to other more visible benefits, while still providing for all of
the service needs of a building.

KEY COST-REDUCTION AND
FINANCIAL-BENEFIT MEASURES

In terms of the relative benefit of various design
measures, the following were the major contributors
to the initial cost savings for this project:

o Eliminating return air ducts, in favor of return
air plenums, on nine floors: $1,160,000

o Oregon Business Energy Tax Credit: $801,000
(LEED Platinum)

o Oregon Energy Trust Incentives: $508,000

o Pre-cool building mass overnight, reduced HVAC
system size: $400,000

O Reduce size of central air handling units with
fan-wall technology: $210,000

o Bid controls at the Tenant Improvement stage
(versus Core and Shell) to get more competitive
bids: $200,000

o Interior atrium smoke control, combined
with garage exhaust: $180,000

o Variable-flow primary chiller, vs. primary-secondary
loop system: $175,000

o Reduce area of telecom rooms, based on needs
analysis: $125,000

o Other measures: total of $750,000 +/-

o Grand total MEP initial cost savings:
$4.5 million (15 percent of original MEP budget)

“WHEN WE STARTED DOING GREEN BUILDINGS, WE DID IT

BECAUSE WE THOUGHT IT WAS THE RIGHT THING TO DO.
THAT’S STILL OUR PRIMARY MOTIVATION, BUT WE’RE

ALSO FINDING THAT IT’S GOOD FOR BUSINESS.

WE PUT A LOT OF EFFORT INTO DESIGNING
ENVIRONMENTALLY RESPONSIBLE BUILDINGS.

A BYPRODUCT OF THAT IS BETTER DESIGN.”

DENNIS WILDE,

SENIOR PROJECT MANAGER
GERDING EDLEN DEVELOPMENT
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Payback of Energy Efficiency Investments

Often, the cumulative results of energy-efficiency
measures (EEMs) stem from a large number of small
changes, brought about through careful study and

specification. For this project, we list some of the many
specific ideas that were implemented in terms of their

relative payback at today’s energy prices compared
with a base case design, after consideration of the
estimated benefit of all incentives:

EEMs that pay back immediately (after incentives)

o Utilize garage fan controls based on carbon
monoxide level

O Specify premium efficiency motors
O Variable flow water heating system
O Lab exhaust heat recovery system
O Lab occupancy sensors

O Reduce garage lighting levels

O Emergency light sweep

O On/off switches for daylighting control versus
dimmable ballasts

O Double fan VAV
O Fan-wall with low-pressure air filters
O Naturally ventilating the stairwells

O Radiant heating/cooling of first floor lobby

EEMs that pay back in five years or fewer
O High-efficiency chilled water plant
O High-efficiency glazing

O Water heating demand reduction from water
conservation measures

O High-efficiency boiler for domestic water heating
O Carbon dioxide sensors on ventilation systems
O High-efficiency boiler for space heating

O Fan-powered VAV boxes with ECM motors and
plenum heat recovery

O Retail economizer cycle operation (use outside
air for cooling)

O Minimum outside air reuse in the laboratories
O Chiller heat recovery

O Chilled-beam cooling system

O Energy-efficient transformers

o Dual-bank exam lights (allowing two levels of
lighting in exam rooms)

O 208-volt busway riser in place of 480-volt busway
riser with distributed step-down transformers

EEMs that pay back in ten years or fewer
0 300-kW microturbine plant

O Extra floor insulation (from 5-in. to 12-in.
expanded polystyrene)

O Occupancy sensors to control lighting and
HVAC system operation

O Optimized lighting fixture selection and layout

EEMs with more than a 10-year payback
O Extra wall insulation (going from R-19 to R-21 batt)
0 60-kW PV array (with new federal tax law)

O Revolving door for atrium entry (Portland is mild
winter climate)

O Solar air collector

SOURCES OF INITIAL MEP COST SAVINGS (NET)
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o INCENTIVES ‘ NET SAVINGS

We were able to use strong federal, state and local incentives to
provide more than $1.6 million of benefit to this project.

NET CAPITAL SAVINGS FROM EEMs
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ALL OTHER
MEASURES

o TOP 5
MEASURES

In this project, five energy-efficiency measures provided more
than 68 percent of the net capital cost savings for the project.
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COST OF ENERGY EFFICIENCY MEASURES (EEMS)

SUMMARY OF INDIVIDUAL EEMS:
Double fan VAV

Chiller heat recovery

Hot water use reduction

Chilled beams

Fan powered VAV

Occupancy sensors

High efficiency boiler

Subtotal

All other measures

Total all EEMs

ADDED COST
$161,500
140,000

89,165

“MOST PEOPLE AND BUSINESSES ARE TRAINED TO FOCUS ON
RATES OF RETURN BASED UPON WHAT WE KNOW TODAY,

BUT SHOULDN’T WE BE LOOKING AT A MEASURE THAT SAYS,

86,250
85,125
79,100
70,000
711,140
264,159
975,299

Some EEMs do cost more. We used some of the project savings to

“buy” the most cost-effective EEMs.

INCENTIVES AND TAX CREDITS

WHAT ARE THE RETURNS THEN?’

‘IF WE EXTRAPOLATE OUT FIVE TO 10 YEARS FROM NOW,

WE THINK THAT THESE ASSETS ARE 50- TO 200-PLUS-YEAR ASSETS,
AND THINK THEIR IMPACTS ON THE COMMUNITY OUR CHILDREN
AND GRANDCHILDREN ARE GOING TO LIVE IN, ARE PROFOUND.”

MARK EDLEN, MANAGING PRINCIPAL

GERDING EDLEN DEVELOPMENT

ITEM

Oregon Business Energy Tax Credit
Oregon BETC for photovoltaics
Oregon Energy Trust (Utility)
Oregon Energy Trust (Utility)
Oregon Energy Trust (Utility)
Federal tax credit

(Energy Policy Act of 2005)

Federal tax credit

Bioreactor incentive

Federal depreciation

Total value

VALUE

35% of eligible cost or specified
$/sq.ft. for LEED

35% of eligible cost; net present
value is about 25.5% of cost

$0.10/annual kWh saved;
$0.80/annual therm saved

Microturbine incentives

Solar PV system

Solar collectors (for water heating)
and PV (for electricity)

Microturbines

Bioreactor

Estimated at 25% NPV

CONDITIONS

Take present value for five-year span of tax credit
at 25.5% of eligible cost

Separate from LEED credit; based on cost of $500,000
(60kW system at $8.33/watt installed)

High-performance building track;
based on energy modeling

New Building Efficiency Program; based on
project-specific data

Based on “above market costs”

30% of cost, less state tax and utility incentives; must be
placed in service between Jan. 2006 and Dec. 2007

Energy Policy Act of 2005 provides for 10% tax credit,
up to $200/kW

Estimated value

May not apply to building-integrated PV and solar thermal

ESTIMATED VALUE

$801,000 (Platinum)

$128,000

$221,000

$100,000

$187,000

$56,000 (estimate)

$60,000

$50,000

Depends on tax
treatment

$1,603,000

$4.00/sq.ft. (Platinum)

(1) Does not include interaction of state tax credit with federal taxes, (2) Equipment depreciation may not apply to site-built and building-integrated solar collectors,
(3) Actual value of tax incentives depends on many variables, including tax liability, (4) Oregon BETC may be transferred among entities at “net present value”,
(5) Oregon BETC LEED tax credit depends on building size and LEED certification level.
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INTEGRATED DESIGN SYNERGIES

recilte

OUR GOAL WAS TO DESIGN A VERY HIGH-PERFORMANCE building on less than a conventional

construction budget, one that would deliver health, comfort, productive working environments
and accumulates significant resource savings over time. Here we summarize the results.

The significant results from the project fall into four FINAL MODELED ENERGY USE
major categories:

W HEATING 40%

O Resource conservation HOT WATER 17%

X M LIGHTS 12%
O Harnessing renewable resources

" PUMPS + AUXILIARY 9%
O Reducing greenhouse gas emissions " EQUIPMENT 9%

. W COOLING 7%
o Cost reductions

W FANS 6%
In terms of resource conservation, the project boasts
an estimated 61 percent reduction in energy use for END USE ENERGY USE  ELECTRICITY GAS
LEED regulated sources, equal to 4.3 million kWh (MILL. BTU)
and 470,000 therms of gas per year. In securing all Heating 19,864 19,864
10 energy-efficiency points, this project accomplished Hot water 8709 8709
a major achievement equaled by only 15 of the Light - -
s

first 195 LEED-certified projects®. The focus of this : S e
publication on the integrated design process PU"]I?S & 4732 4732
highlights a crucial approach to achieving these high auxiliary
levels of energy efficiency. Equipment 4261 4261

Cooling 3603 3603

Fans 3082 3082

Total 50,116 21,543 28,573

Energy use in this large, complex medical facility is estimated at
about 125,000 BTU/sq.ft./yr., or about 37kWh/sq.ft./yr. By any
standard, this is a very “lean” energy-using building.

* June 2005 analysis from U.S. Green Building Council data was
provided by Greenlight Strategies, <www.greenlightstrategies.com»




RESULTS | 43
Water conservation of 56 percent of conventional
potable water demand (4 million gallons per year) is
also a significant accomplishment and indicates the WATER USE REDUCTION (millions of gallons/yr.)
significance of water as a resource of growing concern.
This project also shows that getting these high levels igg;’é;‘g:’”“
of water efficiency is only possible through integrated
design and out-of-the-box design solutions. Water INTEGRATED
. . . DESIGN

conservation is enhanced of course by collecting and | | | | |
using a half-million gallons per year of rainwater o 2 4 6 8 10 12
falling on the building’s roofs and recycling all the Integrated design reduced estimated water use by 68 percent, through both demand-side
sewage on site. and supply-side measures.
On-site sewage treatment. The project also reduces ENERGY USE REDUCTION (percentage energy reduction)
100 percent of the potable water demand for
sewage conveyance from core toilets and urinals BASELINE
. - ENERGY USE
in the building and converts sewage to usable
(non-potable) water. INTEGRATED

DESIGN

i [ [ [ \ [
In terms of harnessing renewable resources, the o 2 40 6o 80 100
solar thermal and electric systems on the building,
. . Compared with a conventional building of the same size and similar activities,

as well as the use of passive solar design elements, )

the Center for Health & Healing expects to use 61 percent less energy every year.
effectively harness a large percentage of sunlight falling
on the south side of the building, while allowing us

. . . . MEP SYSTEM NET CAPITAL COST REDUCTION

to downsize the HVAC systems, freeing up financial
resources for other sustainability investments.

CONVENTIONAL

APPROACH
Greenhouse gas emissions are increasingly the concern
of mechanical and electrical engineers, as we strive 'DNETSEIEEATED
to make our buildings more Earth-friendly. The City | | | | | |

o 5 10 15 20 25 30

of Portland recently announced that its emission of
greenhouse gases has barely grown since 1990, even
with a major increase in the region’s population.

By using microturbines for about one-third of the
building’s electrical energy needs, we are also
eliminating about two-thirds of the losses in the electric
grid from purchased utility power. We calculate an
annual reduction of 1.26 million pounds (630 tons),

or 12 percent, of carbon dioxide emissions from a
similar project without microturbines, or about 20,000
tons over 30 years, the usual period for figuring such
reductions. Sulfur dioxide and nitrogen oxide emissions
would be reduced by about 38 percent. Of course the
main source of CO2 emission reductions is the high
level of energy efficiency, which would add another
100,000 tons of emission reductions over 30 years.

The reduction from CO2 emissions from providing on-
site power is equivalent to taking nearly 1,000 cars

off the road or eliminating the emissions from about
400 average single-family homes, while the building’s
energy efficiency reductions in emissions is worth about
2,000 homes or about 5,000 cars off the road. Not bad
for just one building!

In millions of dollars. Interface’s design approach resulted in saving nearly $4 million
in the initial $30 million budget for mechanical, electrical and plumbing (MEP) systems,
while providing a high-performance building for the client.

Cost Reduction

Finally, this design was ultimately about meeting the
developers’ cost reduction goals through innovative
engineering and integrated design. We estimate a
savings of about $3.5 million on easily measured
reductions in mechanical, electrical and related
systems, with an incremental investment of about
$975,000, plus the PV system initial cost of $500,000
and the solar collector cost of $386,000.

Considering additional financial and tax incentives of
$1.6 million (see chart on page 41), this leaves a net of
about $3.2 million for other uses in the project. (These
investments do not count the cost of the bioreactor,
which is financed by third-party investors and outside
the scope of our design efforts.) Saving more than

10 percent of the initial mechanical and electric
equipment and systems budget of $30 million with
integrated design shows the financial benefits that can
be achieved in a green building project while achieving
extraordinary long-term performance results.
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INTEGRATED DESIGN SYNERGIES

Throughout this volume, we’ve been discussing the integrated design features in various

systems. Here we recapitulate the results we achieved. This building has twelve major

integrated design features, involving engineering and architecture working together creatively.

The rainwater/groundwater reclaim system actually
performs six different functions:

O Irrigation

O Water reuse at plumbing fixtures

o0 Cooling tower makeup water

O Cooling water for the inlet to the microturbine
O Cooling the radiant slabs in the building

O Supplying water to the green roof which helps
cool the building

The rainwater/fire suppression storage tank serves
four different functions: fire tank for the OHSU
building, fire tank for the adjacent Block 29 and
parking garage, holding tank for the harvested
rainwater and providing free cooling to the building
through circulating cool water.

Ten other systems provide two different
integrated functions:

O The solar air collector acts to preheat water for the
building and functions as a two-story double skin on
the building, moderating temperature swings in the
15TH and 16TH floors

O Natural ventilation inlets and outlets at the stairwells
use the concrete mass of the building for cooling
and also provides code-required pressure relief for
the stairwells

O Reusing the building relief air provides both relief for
the central air-handling unit (AHU) and make-up air
for the laboratories

O The photovoltaic system provides electric power
and performs as a sunshade

O The central fire pump serves both the main building
and the adjacent building and parking structure

O Occupancy sensors act both as lighting controls
and HVAC system controls

ECONOMICS OF THE OHSU HIGH-PERFORMANCE BUILDING

Capital cost savings $ 3,5000,000 (estimate)

Capital cost increases 1,860,000 (estimate)

Incentives and tax credits 1,603,000 (Platinum)

(A) Net HVAC benefit 3,200,000 (estimate; Platinum)

(B) Annual operating cost savings 660,000 (estimate)

8,600,000 (cap rate of 10%)
(6,600,000)
(2,000,000)

(© Increase in building value
- Energy savings
- Fan-wall space

If the OHSU building achieves the expected LEED Platinum certification and qualifies for all
available tax benefits and cash incentives, the net savings to the project will be about

$3.2 million. Additional annual operating cost savings for energy will add about $6.6 million to
the building’s value, assuming a cap rate of 10 percent, by increasing net operating income.
Fan-wall array leasable space savings add another $2 million to building value.

O The building mass takes the concrete structural
components and turns them into energy storage
systems, helping to moderate building temperature
swings naturally and for low-cost energy capture

O The egress lighting sweep combines both building
security alarm and egress lighting functions

O Recovering waste heat from the pool cycle
dehumidification for pre-heat of the building’s
hot water system

O The atrium smoke control system is integrated with
the garage exhaust system

By thinking outside the box, the engineering design

for this project was able to accomplish two goals often
seen as contradictory: save money and deliver a high-
performance building. In this case, they work together,
in a process that has been called “tunneling through the
cost barrier” (see page 15), and that demonstrates what
an integrated design process can deliver.
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SUCCESSFUL CODE APPEALS

SALLY PAINTER

One of the requirements for a successful integrated design project is to

challenge building codes, since most of them are organized to separate rather

than integrate various functions. For this project, Interface’s engineers were

able to work cooperatively with the City of Portland Bureau of Development

Services to hash out code exceptions. The operative phrase for our engineers

in working with code officials is no “surprises.”

It’s important to have discussions about code
interpretations and “performance vs. prescriptive”
approaches as early in design as possible, certainly

no later than the design development phase, to make
sure that the code authorities understand design intent
and are willing to work with the design team to make
integrated features work for all concerned.

For this project, we worked through 11 code
interpretations and appeals in the following areas, all
of them contributing to the success of the integrated
design project. The most important of these, in terms
of cost impact and resource efficiency, were:

o Non-potable water supply to fixtures; this was
necessary to re-use harvested rainwater and output
from the bioreactor to flush toilets and urinals

O Atrium exhaust timed egress study to demonstrate
safe exiting from the athletic club balconies on the
2ND and 3RD floors, allowing us to use smaller fans
for smoke control

O Elevator pressurization vs. lobby pressurization for
smoke control which allowed us to pressurize just the
elevator shafts, to keep smoke out and not pressurize
the elevator lobbies on all 16 floors

O Fire tank/pump serve two buildings; the fire tank
and pump were allowed to serve both the Center
for Health & Healing and the adjacent building,
thus saving money and the room another tank
would require

O Garage exhaust below code, using more recent
ASHRAE data based on actual emissions from newer
cars rather than outdated code data

O Grease exhaust scrubber removes the need for
a 16-story grease exhaust

O Non-rated emergency generator room was secured by
moving a fuel source (cars) far enough away from the
generator fuel tank

0 Combined laboratory general exhaust and main fume
hood exhaust saves money and increases public
safety through greater stack plume height

O Standpipe minimum pressure at roof of 65 psig
versus 100 psig conventional, to save money by
reducing fire pump size
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more than 26 points in the following
LEED credit categories:

O Stormwater management and treatment
(rainwater harvesting systems: two points)

O Light pollution reduction
O Alternative sewage treatment

O Water efficiency, two points for exceeding
30 percent water use reduction

O Building commissioning (prerequisite)
O Energy efficiency (prerequisite)
O CFC-free building (prerequisite)

O Energy efficiency (all 10 points, for 60 percent+
energy use reduction)

INTERFACE ENGINEERING CONTRIBUTED
significantly to the LEED achievements, by
securing or contributing to the realization of

On February 22, 2007, the US Green Building Council (USGBC) announced

that Oregon Health & Science University’s Center for Health & Healing
received a LEED Platinum Certification. The Center achieved every point that
was attempted, receiving a total 55 LEED credits-three more than necessary
for the LEED Platinum designation.

O Additional commissioning
(effort shared with another firm)

o0 HCFC-free building

O Measurement and verification plan for energy savings
O Indoor air quality (prerequisite)

o Carbon dioxide monitoring

o Construction indoor air quality
(shared with contractor)

O Indoor chemical and pollutant source control
(shared with architect)

o Thermal comfort (two points)

O Innovation: water use reduction exceeding
50 percent

O Innovation: stormwater reduction exceeding
50 percent on already developed site
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FINAL LEED CHECKLIST (AS OF FEBRUARY 2007)

Interface’s design work contributed 26 LEED credit points to the building’s final 55-credit point total. At this time, the Center for Health & Healing is the largest and
most complex building in the world to achieve a LEED Platinum certification. Overall team coordination of the LEED documentation process was facilitated by Brightworks.

None of these results could have been achieved without ~ When certified, this LEED-Platinum building would

a strong integrated design effort, an owner, developer be one of the largest in North America to take high-
and architect committed to pushing the envelope for performance, sustainable design into the arena of
green buildings, and a strong engineering team that being a cost-effective solution to the myriad challenges
was willing to find every possible innovation. of designing large buildings for multiple users, in a

constrained urban environment.
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INTERFACE ENGINEERING, INC.

INTERFACE ENGINEERING, INC., is a large multi-disciplinary West Coast
consulting engineering firm with offices in Portland, Salem, Seattle/Kirkland,
Sacramento and San Francisco. In business since 1969, Interface has more
than 140 professional and support staff, and has significant specialty
practices in fire/life safety, architectural lighting, building technologies, and
commissioning. With a focus on integrated design and a passion for green
buildings, Interface has completed 11 LEED certified projects and has more
than 5o LEED registered projects in various stages of design and construction,
as of February 2007.

TO CONTACT INTERFACE ENGINEERING:

Omid Nabipoor, LEED AP, President
David Pickett, PE, LEED AP, Sr. Vice President
Andy Frichtl, PE, Principal

Omid Nabipoor, LEED AP, President

“THE SHIFT TO INTEGRATED DESIGN BEGAN ABOUT FIVE OR SIX YEARS AGO,
ALTHOUGH MANY OF THE THINGS WE’RE DOING TODAY,
WE’VE DONE FOR A LONG TIME. YET, NOT THAT LONG AGO,
PROJECTS WERE MORE REGIMENTED, WITH CONVENTIONAL APPROACHES. Phone: 1-503-382-2266
Email: solutions@ieice.com
ENGINEERS TYPICALLY WEREN’T INVOLVED UNTIL WELL INTO
THE SCHEMATIC DESIGN PHASE, WHEN MANY KEY DESIGN DECISIONS
ALREADY HAD BEEN MADE. SOME OF THE CHANGES WE’RE SEEING Stuart Lindsay, LEED AP, Managing Principal,
Sacramento, 1-916-288-6200
HAVE BEEN SPURRED BY THE GREEN BUILDING MOVEMENT,
OTHERS BY CLIENTS WHO WANT US TO CREATE A HIGHER-PERFORMANCE Nicholas Rich, PE, LEED AP, Managing Principal,

708 SW Third Avenue, Suite 400
Portland, OR 97204

Web: www.interface-engineering.com

BUILDING AND MAXIMIZE THE COST/VALUE RELATIONSHIP. IT IS OUR Seattle, 1-425-820-1542
GOAL TO BRING INTEGRATED DESIGN, CREATIVITY, EMERGING SUSTAINABLE Dale Stadler, PE, Associate Principal,
TECHNOLOGY AND PRACTICAL EXPERIENCE TOGETHER IN ORDER TO Salem, 1-503-364-5354

MAXIMIZE THE VALUE OF OUR SYSTEMS AND BUILDINGS FOR OUR CLIENTS.”
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