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� Primary Barrier
� Caging
� Personal Protective Equipment
� BioSafety Cabinet
� Local Exhaust Device

� Secondary Barrier
� Building
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Primary BARRIER

Secondary  BARRIER

� Building
� Floor
� Area
� Enclosure

� HVAC
� Air Ventilation
� Air Pressurization
� Air Treatment

� S.O.P.

� Budget
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Sharp, Gordon P., Dynamic Variation of Laboratory Air Change Rates.  ALN® Magazine, Nov-Dec 2008. 

� 10-15 ACH (Dilution-Removal)

� IAQ: No harmful or unacceptable concentrations of 
toxic gases, odors, or particles

� Computer Modeling
� Heat Loads: Total-Cooling-Load Calculation Method ( ASHRAE)
� Air Diffusion Patterns to dissipate Odors
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First $

Building or Renovating Rodent Space

Eco-Friendly
- Strategies
- Equipment

��� �
Ventilation

��� �
Operating $

��� �
Energy Use
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Exhaust Ventilated Caging System

Animal Care Systems
OptiMICE OM– Carousel 100 Cages
OptiRAT OR– Carousel   42 Cages

M.I.C.E.® – Modular SS & DS from 14 up to 140 CagesM.I.C.E. – Modular SS & DS from 14 up to 140 Cages

Airlaw
IVC isolator – SS & DS up to 144 Cages
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Filtration
Absolute Pore Size Rating: 0.3 µ

Cage Smoke Tests 
Leak-Free

Single-Pass
4 min. for 99% Removal Efficiency

Tracer Gas [SF6] Containment Assessment
Leak-Free

�
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Surface Temperature Differential
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Holding

CageWash

AniLabs
15% S

ta
ff

A
re

a

Typical Program Area (nsf)

20%

Typical Vivarium Facility (gsf)

System Performance - SPACE

50% Program (7,500 nsf)
50% Support  (7,500 gsf)

Total: 15,000 gsf

50% Holding (3,750 nsf)
50% Support (3,750 nsf)

Total: 7,500 nsf

CageWash

AniSupport

AniLabs

StaffArea

Holding
50%

CageWash
20%

AniSupport
15%

S
ta

ff
A

re
a

Program/nsf

Corridors

Shaft,Walls

Mechanical

50%

20%

15%

15%
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* Cosgrove, Chris, How Much Space is Enough? LabAnimal News, Vivarium Forum March 2003.



Lab/Staff

Ani.Support

Housing

58% Holding (1,054 nsf)
42% Support  (   750 nsf)

Total: 1,800 nsf

Shafts, Walls

Corridors

Program/nsf

22%
CageWash

7%

90% Program (1,800 nsf)
10% Support  (   150 gsf)

Total: 2,000 gsf

3%

System Performance - SPACE

Housing

CageWash

Program/nsf

Mechanical
58%

Holding
90%

BioLink Program Area (nsf)
5.7 cages/sf 

BioLink Vivarium Facility (gsf)
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Save 2,350 nsf or 72%
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Save 5,700 nsf or 76%
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Save 12,800 gsf or 87%
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* Energy-Efficient and High Performance Rodent Facility, 2005. Rivard, G.F. and W.S.(Lanny) Joyce
LAMA: Space-Efficiency and Economical Strategies for Animal Rooms, 2007.  Peter Rodrigez, BBA, LATg, UMDNJ.
Personal Communication, 2008: Adrien Poloni, P.E., CRL.

Steven Bolewski, P.E., VA
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• HVAC & Plug Load
• Electric
• Gas

����



6,000 Cages ��� )��

 ��

������
�+�����������
.
-������
���� ,012-���3�043122-���.

����6�1�����������
����
(����,�
��3�,�������� ,45-��.

����������
�  
�������+A.

��

�
���6�

�
!

0/
4

��

�
���6�

�
!

0/
4

� 4����������+���A.

"�
���

#�
��	

�

� Barrier Facility
� Space
� Energy Use
� Operating Costs

� 4����������+���A.

�����3�(����,�
� +�����������
.
,461��/-���3�422�*��	$-����$���7$���
.

0/� 0/�

� 0/��+����A.

�	�
������������
 ��������!89� ,43:4;��/-���.

� 
�������+A.

���� ����

� ����

����	������������� ���� �� ���	
���� �� ���
��

� 
�������+A.

4 4

�4��������+����A.

����	���	�����	��������

� 
�������+A.

4 4

�4���������+���A.

����	�����
	���������

� 
�������+A.

4 4

� 4����������+�����A.

������� 6�
��� ����

� 
�������+A.

4 4

�4��������+�����A.

$�
���

���
���

#�
���

�%

* Energy-Efficient and High Performance Rodent Facility, 2005. Rivard, G.F. and W.S.(Lanny) Joyce
LAMA: Space-Efficiency and Economical Strategies for Animal Rooms, 2007.  Peter Rodrigez, BBA, LATg, UMDNJ.
Personal Communication, 2008: Adrien Poloni, P.E., CRL.

Steven Bolewski, P.E., VA

HVAC & Caging
• Service
• Repairs
• Filter Replacement

• HEPA
• Absolute
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Personal Communication, 2008: Adrien Poloni, P.E., CRL.

Steven Bolewski, P.E., VA

• Caging
• CageRack Washer
• Processing Non-Sterile including Storing/Prepping
• Labor excluding Senior Management
• Utilities

• Electricity
• Water 
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• Amortized First Cost/10y
• Operating Costs
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Duct Static Pressure Sensor
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FlexTech – Technical Assistance Program
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� Baseline Energy Consumption
� Energy Simulation Modeling

� Evaluation of Energy Consuming Systems

ENERGY AUDIT

� Evaluation of Energy Consuming Systems
� Determination of Energy Conservation Measures

� Customized to Animal Facilities 

� Implementation
� Measurement & Verification
� Reporting
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� Demonstration Project for
Innovative or Underutilized Industrial Process

� Energy Efficiency

2006 INDUSTRIAL PROCESS & PRODUCTIVITY IMPROVEMENT
Program Opportunity Notice (PON) No. 998

GRANT

)���	%/)���
�����-�����	%

� Energy Efficiency
� Quantifiable Energy Benefits

� Improve  - Productivity
- Product Quality
- Cost Control 

��



GRANT: GOALS

Reduce first and annual energy costs related to ani mal housing
Reduce mice (18,000) breeding space from 3,750 sf to  1,050 sf

Reclaim 2,700sf of space   - Up to 30 mice per sf or 6 cages/sf
Save on ‘typical’ first and operating costs of HVAC  and Plug Load by 65%

Provide a safe and healthy environment to the anima ls and their caretakers
Minimize cross-contamination and exacerbation of an imal diseases
Minimize laboratory animal allergiesMinimize laboratory animal allergies
Prevent biohazard and waste gases (ammonia) contami nation
Prevent rack air plenum, room environment, and exha ust ducting contamination

Provide barrier housing with optimal environmental conditions
Acquire Breeding and CRO capabilities

Increase housing applications from conventional to barrier and biosafety level 3
Meet AAALAC, OPRR, USDA, CDC, and FDA/GLP requireme nts

Increase production efficiencies of rodent inbred s trains
Extend cage changing period to every two-week

Reclaim 5 employees
Increase Breeding Performances [PEI] of C57BL/6 fro m 0.8 to 1.0  
Decrease weekly animal purchases from $5,000 to $1, 000 {Savings of $208,000/y}

�	



2009 2010 2011 2012 2013

1.  Electricity costs and savings over 2008 conditions (kWh, kW, $) 
from HVAC and plug load normalized to annual rodent production 

2.  Natural gas savings (MMBtu, $)

3.  Job retention (#FTE)

GRANT: METRICS

3.  Job retention (#FTE)

4.  Health and comfort level of employees (T, RH, CO2, NH3, LAA)

5.  Animal production including:
Laboratory Information Management Systems (LIMS)

Breeding performances for Production Efficiency Index

Rodent populations density to calculate Space Efficiency

Sentinel surveillance program to assess Colony Health

RODAC plate monitoring to assess the room Microbiological Status

6.  Technology transfer: technical article appearing in trade publications 
and other facilities duplicating the technology

�
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1. Multi-point Local Exhaust Ventilation with Low-Pressure Drop Design

2. Heat Recovery (HR) System

GRANT: DESIGN

3. Space-Efficient CageRack System
8(�� �!��!��������422	���������
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Fan Input Power = Airflow [cfm] X Air Pressure Drop  [in.w.g.]

6345 X Fan System Efficiency
Power is Reduced by Square of Velocity Reduction

- 3 Fabric Air Distribution Ducting Diffusers

� Decrease Exhaust Flow Rate
� Lower Fan Horsepower

� Less Pressure Losses, Leakage
� Less Airflow Velocity
� Less Fan Energy

� Less Total Ductwork

DESIGN – VENTILATION

- 64 Manifolded Local Exhaust Devices
• 60 OM Racks [100-cage]
• 4 Downdraft Workstations

� Less Total Ductwork
� Simplify Layout

� Less Internal Space
� No Interstitial Space

� Noise Reduction
� Provide Stable Air Flow
� Increase Safety

� Better Containment
� Flexibility

��



HeatRecovery System : �$����,�����!-.�����#
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Capture Heat Loads from Exhaust Ventilation
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HeatRecovery System : �$����,�����!-.�����#
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Capture Heat Loads from Exhaust Ventilation
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� Minimize Conditioned Supply Air
� Reduce Heating/Cooling Costs
� Safety

DESIGN – VENTILATION

PreHeat/Cool Fresh Air Supply
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� Recycle
� Compost

• Eliminate Plastic Filling Landfills

� Combustible
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DESIGN – DISPOSABLE CAGING
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• Heat, Steam, and Electricity

� Avoid Processing Costs
� � Use

• Water/Energy 
• Cleaning/Disinfecting

� Extend Flexibility
� BSL-3

� Economical
� � Occupational H&S

� Eliminate Bedding Dumping
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Typical Cage Processing
Space
Equipment 
Utilities and Human Resources

DESIGN – DISPOSABLE CAGING

��

LABOR

ENERGY WATER



Improved Cage Processing
Space
Equipment 
Utilities and Human Resources

DESIGN – DISPOSABLE CAGING
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/@ 
� Central Vacuum System

• Soiled Bedding

� Shredder
• Soiled Cage & Bedding
• PPE [Non-Plastic/Rubber Items]

DESIGN – WASTE TO STEAM

• PPE [Non-Plastic/Rubber Items]

� Autofeed
� Gasification Technology
� Low Emissions
� Minimal Odor migration
� Reduction in disposal costs
� Hot Water or 15 to 75 psi Steam
� 1,000 lbs. Bedding = $50 Gas

�




� Eliminate
• Waste Handling, Disposal

/@ 
� Central Vacuum System

• Soiled Bedding

� Shredder
• Soiled Cage & Bedding
• PPE [Non-Plastic/Rubber Items]

DESIGN – WASTE TO STEAM

• Waste Handling, Disposal
• Cleaning/Disinfecting
• Save $5,000 Disposal $

� � Heating/Cooling $
• Save $5,100

� � Water/Energy Use
� Renewable Energy

��

• PPE [Non-Plastic/Rubber Items]

� Autofeed
� Gasification Technology
� Low Emissions
� Minimal Odor migration
� Reduction in disposal costs
� Hot Water or 15 to 75 psi Steam
� 1,000 lbs. Bedding = $50 Gas
� 6,000 cages = 51.6 tons/year
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SV 
Make Use of 

� Animal Heat Loads

DESIGN – STACK-driven VENTILATION

� Solar Gain
� Boiler Exhaust
� Sterilizer/Washer Exhaust

��

>.
�����6�
		
�������.�0�
 �)��.
�����
��
�
3�
�
����4�����
�����3�
����
���"�
�.
����	��2������"����
"�2��.����.����
 �����2���>. 
�
����
�"�����0�/
�����62��
�2��.�
����
������3�
����
�



SV
� Make Use of 

� Animal Heat Loads

� � HVAC Size
• � Fan Horsepower
• � Energy Consumption

DESIGN – STACK-driven VENTILATION

� Solar Gain
� Boiler Exhaust
� Sterilizer/Washer Exhaust

��

• � Energy Consumption

� � Sustainability
� � Redundancy Needs



where:

Q = flue gas flow rate, m³/s

A = cross-sectional area of chimney, m² (assuming it has a constant cross-section)

DESIGN – STACK-driven VENTILATION

��

C = discharge coefficient (usually taken to be from 0.65 to 0.70)

g = gravitational acceleration at sea level, 9.807 m/s²

H = height of chimney, m

Ti = absolute average temperature of the flue gas in the stack, K

To = absolute outside air temperature, K



DESIGN – STACK-driven VENTILATION
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� Barrier Facility
� Space, Energy Use, and Operating Costs
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