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SAVING ENERGY IN
HOSPITALS WITH PASSIVE
HOUSE TECHNIQUES

Increasing Efficiency, Protecting Assets and Reducing Operating Costs

Responsive buildings.
Responsive people.
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LEARNING OBJECTIVES

« Define changing local and national carbon and energy consumption regulations,
and their intersection with healthcare requirements like ASHRAE 170.

« Recommend areas of design where Passive House strategies can be most
impactful on overall energy consumption.

« Compare case studies of Hospital projects utilizing Passive House.

« (Conclude how a Passive House principles and techniques can have a high
impact on new Hospital design and construction projects.



GOAL:

Improve energy performance of healthcare facilities while
delivering quality care and improving patient outcomes.

STRATEGY:

Build efficient buildings, to lower heating and cooling loads. Meet
those heating and cooling loads with fully electrified equipment
and renewable energy.
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OVERVIEW

1. Context: Changing Regulation

2. Defining Passive House

3. Defining Healthcare Environment: Energy Intensive Features
4. Case Study 1: PH Strategies Employed

5. Case Study 2: Cost of PH

6. How to Future Proof: Best Practices



CONTEXT: CHANGING REGULATONS



NATIONAL ZNE CODE PRECEDENTS

Approching Net Zero
90.1-2019
90.1-2016
90.1-2013
90.1-2010
90.1-2007
<90.1-2007

No statewide code
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Updated on 12/19/22

) Massachusetts Boston + Cambridge + Others
FIIE?E:‘,;SIZ ] 2023 Stretch Code ZNC zoning regulations
ZNE Appendix Specialized Opt-In BERDO/BEUDO existing

Fossil Fuel Free Pilot  bldg. regulations

Seattle IECC 2030/ ASHRAE 90.1-2031 = Approaching ZNE

Approching Net Zero

™~ New York

/ o P.\‘. 2023_NYS Stretch Code
california Ve "*s’a E pending
Title 24-2019 = 4

(near residential NZE)
Zero Code
(commercial proposed)

Washington, DC
Appendix X
(voluntary compliance path)



Boston Carbon/Energy Regulation

Stretch Code Adoption, by Community éﬁ‘:v%

Massac husetin
DEFARTVENT GF ENERGY RESOLRCES

Three hundred (300) municipalities
have adopted the Board of Building Regulations
and Standards (BBRS) Stretch Code,

as of November 14 2022

DOER, 12.8-22, phister




NEW YORK CITY: LOCAL LAW 97

NYC 80 x 50 ,
80% carbon reduction by 2050

LOCAL LAW 97

2024-2029 limits will affect the 20% most carbon-
intensive buildings

2030-2034 limits will affect the 75% most carbon-
intensive buildings

|E,xp_tensive penalties to those buildings exceeding the
imits.

Local Law 154 - NYC Natural Gas Ban
2023 — buildings below 7 stories
2027 - all buildings




Path to Net Zero Energy Use
+

Code Compliant —

Efficiency
reduces purchased
energy by 60% - 70%

|

Target
Goal: 60% - 70% —»
Energy savings
+ avoid fossil fuels

& Net Zero
Energy Use




ASHRAE 227

Proposed Passive Building Design Standard ®

ASHRAE

Authorities having Jurisdiction can adopt as a path to
compliance using Passive House Building design
principles.

- Envelope

- Heating and cooling equipment
- Ventilation

- Service hot water

- Lighting

- Plug loads




DEFINING PASSIVE HOUSE



WHAT IS PASSIVE HOUSE?

Design and construction concept — Focus on Balance
Gains and Losses

Highest Energy Standard — PHI and PHIUS

Quiet, clean, healthy, comfortable

Images courtesy of PHIUS.org



ENERGY BALANCE

2 LOSS PARAMETERS: 2 GAIN PARAMETERS:
®* Transmission Loss ® Solar Gains
® \Ventilation Loss ® |nternal Gains




PASSIVE HOUSE (PH) PRINCIPLES

— Thermal Control
— High Performance Enclosure
— Thermal Bridge Elimination

— Air Control
— Airtightness
— Balanced ventilation with heat and moisture
recovery
— Radiation Control
— High Performance Glazing

— Shading and Daylighting PASSIVE HOUSE 5\
 Mielsie Ceariel DESIGN PRINCIPLES 4/

— Material Moisture
— Air Humidity




CERTIFYING BODIES

Phius 2021
Performance Criteria Calculator v3.1

UNITS: " IMPERAL(IP) |

BUILDING FUNCTION: ‘ NON-RESIDENTIAL V.‘
PROJECT TYPE: \ NEW CONSTRUCTION v'|

STATE/ PROVINCE NEWYORK v  Heating demand: 2.55 kBtu/ftyr —— | ‘ I \ | | \ | &9

0 1 2 3 B 5 6 7 8 E}
ey NEWYORKLAGUARDIA ¥ cooling demand: 3.27 kBu/ftyr | — | \ | l &2

I 0 1 2 3 < 5 6 7 8
: ; , :

Envelope Area (ft) { 77560 0 ] Heating load 3.81 Btu/hr ft aﬁa l I | 6\ ~/
ICFA () | 260590 ] coolingloas 242 Bt ff —— | | | @

0 1 2 3 < 5 6
Average Occupancy { 600 ] Source energy: 4,242 KWh/Person yr |—— \ \ | @8

Design (Max) Occupancy { 1,000 ] 0 2000 4000 5000 8000 10000

Site energy: 19.59 kBtu/ft3yr e e e e e e

Annual Heating Demand 46 kBtu/ft*yr
Annual Cooling Demand 10.7 kBtu/fttyr
Peak Heating Load 48 Btu/ft*hr
Peak Cooling Load 3.3 Btu/ftthr
Phius CORE 245 kBtu/ftzyr
Phius ZERO 0 kBtu/fttyr




DEFINING HEALTHCARE ENVIRONMENT:
ENERGY INTENSIVE FEATURES



LARGEST CONTRIBUTORS TO HEALTHCARE ENERGY CONSUMPTION

Typical Healthcare Buildings Baseline and High Efficiency

—Equipment
—MRI/ CT/ Imaging equipment,
etc.
—Hot Water and Steam :
—Domestic Hot Water ﬁ
— Sterilization
—Occupant Density

— Patients, faculty and staff,
families )

BASLEINE HIGH EFFICIENCY BASLEINE HIGH EFFICIENCY ~ BASELINELONG ~ HIGH EFFICIENT

J— ve nti | a't i O n PERFORMANCE INPATIENT PERFORMANCE QUTPATIENT TERM CARE LONG TERM CARE
INPATIENT HOSPITAL 1 QUTPATIENT HOSPITAL
HOSPITAL HOSPITAL
PUMPS HEATING (ELEC) EXT LIGHTING HEATING (STEAM)

HEATING (GAS) COOLING HEAT REJECTION HUMID




DEFINE HEALTHCARE TYPOLOGY & VENTILATION REQUIREMENTS

— Healthcare Typology: hospitals, in-patient, out-patient, nursing homes, psychiatric facility, etc.

— ASHRAE 170: defines ventilation system design requirements for comfort, health, and
contaminants in healthcare facilities.
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ASHRAE 170 VENTILATION RATES
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10 12 14 16 18 20
Dietary Storage

Clean Workroom (Surgical Supply)

Minor Procedure, Recovery, CCU/ICU Wound/Burn, Newborn, Soiled Surgical

Toilet, Sterilizer, Soiled Linen/Bedpan, Janitor, All Isolation Anteroom

Food Prep, Darkroom, Endoscope Cleaning, Laundry, Soiled, Hazardous [ | CEH'FIEQE\;%)N (ACH)
ADDITIONAL AIR
(RECIRCULATED) TO
ACHIEVE SUPPLY AIR
(ACH)

Bronchoscopy, Protective Environment, All Isolation, ER Decontamination

Class A Operating/Procedure

MINIMUM PRIMARY
AIR FOR CHILLED
BEAM (ACH)

Class B and C Operating

Clean Linen, Patient Corridor

Medication, Sterile Storage, Pharmacy, Clean Room, General Laboratory
Resident Gathering/Activity/Dining

Exam, Treatment. Inpatient. Deliverv/Postpartum, PT, X-ray, Bio/Nuclear Lab

Autopsy, Triage, Radiology Waiting, ER Waiting




BENCHMARKING HEALTH CARE SPACE TYPES

Area Per Person vs EPD by Space Type
Equipment Power Density (W/sf)
Healthcare , , , . . - . .

B e
50 . . .
Ventilation low med high o
® o o o ® o
0l ®
Occupant : 2
Density low high med g 2 A
A
<
Equipment 08 &
Power low med high '
Densities -

@Hospital  Multifamily BOffice




CHALLENGES APPLYING PH PRINCIPLES TO HEALTHCARE

Challenge Heating Cooling Source
\ Limits Limits Energy

ASHRAE 170 Ventilation

Occupant Density X

@ <: Internal Gains X X

High Window-to-Wall
Ratio

/ Large Service Hot Water
X X
Demand




CASE STUDY 1:
PH STRATEHGIES EMPLOYED



. 2l ....-‘.
| .."l'l LEF
» . .




Energy Demand kWh/m2yr (kBtu/ft?yr)

Il

Source Energy

Compressed Air
Refrigeration/Freezers
Operating Theater Ventilation
Computed Tomography (CT)

Other
Elevators -..—:_

Bedpan Washer
Ultrasound

Knchen

Lighting

= Aux DHW/Heat

Aux

(160) 500 1| = Heating Domestic Hot Water
B Aux Ventilation Aux DHW/Heat
(144) 450 Cooling O Lighting
m T Catering Kitchen
(128) 400 + Sterilization B Magnetic Resonance Imaging (MRI)
m  Computed Tomography (CT) B Ultrasound Diagnostics
(112) 350 1 B Operating Theater Ventilation Bedpan Dishwasher
Refrigeration/Freezers B Elevators
(96) 300 7 Compressed Air Other
(80) 250
Site Energy .
(64) 200 -
(48) 150 I

(32) 100 -

(16) 50 A

0+

Ventilation

B Passivhaus Institut

Future-Proof

Energy Efficient Future-Proof

Gas Condensing Boiler Only

Energy Efficient

Gas Condensing Boiler and
Solar Hot Water
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REDUCING LOADS

ENCLOSURE
MODEL INPUT HIGH EFFICIENCY PASSIVE HOUSE
PARAMETER CASE CASE
Wall A bl
ANASSEMBY e brick: U-0.043  Face brick: U-0.030
- Above Grade
Vertical
Glazing - 0.19 Curtainwall 0.172 Curtainwall
U-Value
Air Infiltration 0.083 INF-ACH 0.035 INF-ACH
VENTILATION ENERGY RECOVERY
MODEL INPUT HIGH EFFICIENCY PASSIVE HOUSE
PARAMETER CASE CASE
Exh T Al
xnaust Al Enthalpy wheel +
Energy Dual core

Desiccant wheel
Recovery

SITE ANNUAL ENERGY USE INTENSITY ( EUI) (KBTU/SF.YR)

ANNUAL SITE-ENERGY USE INTENSITY BY END-USE

Long Term Health Care Facility

INTERIOR LIGHTING ELECTRICITY W EXTERIOR LIGHTING ELECTRICITY HEAT REJECTION ELECTRICITY W PUMPS ELECTRICITY
W FANS ELECTRICITY ®COOLING ELECTRICITY W HEATING ELECTRICITY ® EQUIPMENT LOADS ELECTRICITY
ELEVATORS ELECTRICITY m HEATING NATURAL GAS ®m DOMESTIC HOT WATER ELECTRICITY m DOMESTIC HOT WATER NATURAL GAS
160
140

120

100

80

60

40

20

EO 484 BASELINE Energy Efficient Design Passive House Enclosure Design




LOW CARBON PRINCIPLES IN ACTION
CONFIDENTIAL LONG-TERM CARE FACILITY
Life Cycle Cost Analysis (LCCA)

fTeEEEED

- o w a ow -
T En W W e O ™

il val A S ,.1
B o e
LA
q'.v Z ,,d % j;‘w; P
ENVELOPE UPGRADES - - §1.6
_ | ADDITIONAL SAVINGS WHEN
SOLAR PV (G40 - SITE ELEC UTILITIES) 415 530 815 ACCOUNTING FOR REDUCTION IN
40-YR TOTAL OPERATING COSTS $31.1 $31.8 $26.0 CARBON EMISSION FINES FROM
40-YR MAINTENANCE + REPLACEMENT $16.3 $16.2 $16.3 LOCAL REGULATIONS LI KE LL97 l
40-YR ENERGY §14.8 $155 $9.7 $10.5 2 = e
40-YR DEMAND CHARGE (*TED) 2nd Highest Highest Lowest Znd Lowest
40-YR NET PRESENT COST $317.3 $315.0 $312.7 $310.4 ot
40-YR NET PRESENT COST DIFFERENCE 50.0 523 546 56.9 3 {‘ :
PERCENT DIFFEREMCE FROM BASE = 0.7 1.4 \ -
LBS COZ2e PER SF (IS0 NE 2019) 2.4 8.4 \
K e PEF | 1 3.8 ‘ \
10-YR EMISSIONS {(KILOTONNES) L 47" 1964
10-%'F 1OMS DI EMN




CERTIFYING BODIES -
BALANCING PERFORMANCE
AND COST

PHIUS BUILDING PROTFOLIO DATA:

— Phius buildings perform up to 85% better than
conventional buildings.

— Building to the Phius standard costs only 3-5%
more than conventional building methods for a
conventional home

— Larger projects benefit from the economy
of scale:

— multifamily passive building typically only costs
0-3% more than a building built to an energy star
baseline.

PHIUS.org




PASSIVE HOUSE
STRATEGIES AND BEST
PRACTICES



ENCLOSURE



RETHINKING FENESTRATION TO WALL RATIOS

\ 7 75% / \ 50% 7 /




THERMAL BRIDGING

Spandrels

Masonry

Images courtesy of Morrison Hershfield



THERMAL BRIDGING

Glazing Jamb

Parapet

Shelf angle

Linear

Images courtesy of Morrison Hershfield



GENERAL BEST PRACTICES



Heating

— Don't throw away BTUs
— Ventilation energy recovery
— Low temp waste heat + heat pumps

— Meet with electric equipment
— Avoid steam generation
— Heat Pumps

DHW

— Reduce Water Use: Water saving fixtures
— Reduce distribution losses: with efficient layouts
— Wastewater heat recovery

— Meet with Electrified Sources:
— Solar thermal
— DHW HP




COOLING BEST PRACTICES

CHILLED BEAMS
— Regulate Cooling Load
— Reduce internal heat gains PRIMARYARR

— Reduced solar loads and shading
— Thermal mass (exposed concrete ceilings)

y

— Use Efficient Equipment —
— Chilled beam
— Night ventilation to help manage humidity
— Avoid ventilation pressure losses
— Efficient fans
— Evaporative cooling within ventilation unit

— Place exhaust or chilled water-cooling circuit at the
source of internal heat gains




VENTILATION BEST PRACTICES TO
REDUCE LOADS

— Provide efficient energy recovery (> 80 %

sensible and >%75 latent)
— Simplify and shorten ventilation duct network
— Avoid unnecessarily high-pressure losses

— Demand control ventilation




LIGHTING BEST PRACTICES
Maximize Daylight Utilization.

— In occupied spaces the building design should
strive for good daylighting conditions.

Lighting Design

— Exceed standard reflectance values of walls and
ceilings.

— Specify illuminance levels within rooms
— Set targets and limits at an early stage
— Special attention to lighitng controls




IT BEST PRACTICES

— Servers with higher temperature
tolerance should be used to reduce
cooling load.

—Recover server waste heat




COMMERCIAL KITCHEN EMISSIONS

Commercial Kitchen CO2 Impacts
100%

90%
80%
70%
60%
50%
40%
30%
20%

10%

0%

Base Efficiency Cookline Efficient Cookline Hybrid "Kitchen of the Future" All Electric "Kitchen of the
Future"

mm CO2e metric tons/yr === CO02 reduction

*Source: Food Service Technology Center 20719



ALL ELECTRIC KITCHEN

Demand-Based
Exhaust

Point of Use
Electric Domestic

/ ) ' 1 Hot Water Heater
' /////A//// Ground-Source Domestic [y €

5 IR Hot Water Heater

: '.Q

t : 4 Electrlc Range

20,000 watts | _;




HEALTHCARE BEST PRACTICES



MEDICAL APPLIANCES AND DEVICES BEST PRACTICES

Medical and professional equipment, that is currently
available, and improved processes offer savings potentials
of more than 30%

EEN



STERILIZATION AND GLASS WASH
BEST PRACTICES

—Washer-disinfectors largest
energy end use is heating water
and steam.

— Solution: economical use of
water.

— Tank systems allow reuse of the hot
deionized water from the
disinfection phase.

— Wastewater heat recovery + heat
pump system



— Carefully review spec sheets

— Can significantly reduce cooling
load

— New technology using
superconductors shows
promise for energy reductions.

CT

— Compared to previous
generation, consumption of
current devices is 30% lower.

— Engage standby mode when not
in-use
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OTHER EQUIPMENT
— Medical coolers - Adjust Set Points

— Fume Hoods: Lower VAV Fume Hood
Sashes or Automatic Controls

— Solid state lasers> gas lasers.

— Turn off Biosafety cabinets (BSC)

— Reduce compressed air




CONCLUSIONS



CONCLUSIONS

GOAL: target future proof healthcare facilities while delivering the same quality of care
and improving patient outcomes.

— Prioritizing envelope efficiency and load reduction strategies to get
operational cost savings and meet decarbonization goals.

—Mitigating carbon risk and future liability associated with inefficient facilities
can have significant lifecycle cost savings, depending on utility rates.

—With early planning and integrated design, best-in class future-proof
healthcare facilities can be built at less than 1% construction cost premium.

EEN



BRA

THANK YOU

Questions?

Responsive buildings.
Responsive people.
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