
Energy-Efficient and High-Performance Rodent Facility

Abstract

Dr. Germain Rivard is President of MouseCare, Inc. (MC), in Ithaca, NY. 
MC develops cost-effective, integrated contamination control solutions of 
safe, performing, energy efficient facilities and advises on rodent facility 
design, construction/retrofit, and operation to commercial, academic, and 
government research institutions worldwide. 
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Equipment heat gain, animal heat loads and odors, as well as airborne contaminants 

that include waste gases, biohazards, particles, and allergens are the limiting factors 

when operating a rodent facility.  Barrier facilities use mainly heating-ventilation-air 

conditioning (HVAC), animal caging, and cage processing equipment to counter such 

factors (see Fig. 1).  Costs of construction and energy consumption of ventilation, 

cooling plant, and plug load systems are directly related to HVAC requirements and

equipment plug loads.  Unfortunately, forced-air devices in use such as individually 

ventilated caging (IVC) system and animal transfer station (ATS) are plug-ins that 

increase HVAC requirements and plug loads because they recirculate animal heat 

loads, generate their own heat loads, create large pressure drop, decrease ventilation 

efficiency, and consume a large amount of electricity (30 times more than a typical 

office building).  

We look at using single-pass central ventilation and room control of contaminants as 

well as exhaust ventilated, local exhaust devices (EV-LED) such as exhaust 

ventilated caging (EVC) system to eliminate heat loads, odors, and airborne 
contaminants directly at their source of generation, i.e. at animal caging and 
cage processing equipment levels. Choosing such energy-efficient technologies 

could contribute to significant construction and energy consumption savings.  It can   

• Decrease HVAC requirements by 69%,

• Eliminate 75% of plug load,

• Cut construction cost of ventilation, cooling plant, and plug load by 56%,
• Reduce energy consumption by 65%,

• Simplify air balancing and reduce the amount of air needed from clean to dirty areas,

• Avoid HEPA-filtering of contaminated room air from leaky caging system, and

• Save on cleaning exhaust ducting system.

The application of new contamination control strategies in lab animal industry is also 

consistent with the pursuit of sustainable, high performance, and low-energy

animal facilities that:

• Minimize overall environmental impacts

• Protect occupant safety

• Optimize whole building efficiency on a life-cycle basis

Rodent ‘Barrier’ Facility

Load Analysis

140 cages

5 x SSR [Single-Sided Rack] @ 70-cage ea. = 350 cages
4 Outlets, 5 Blowers, 5 Ceiling Drops [Capture Exhaust Venting]

1 ATS [Animal Transfer Station],  1 A2N [Biosafety Cabinet]
1 DS [Dumping Station], 2 Carts [Clean/Dirty], 1 FD [Sink]

4 x OM [OptiMICE] @ 100-cage ea. = 400 cages
4 Ceiling Drops [Direct Exhaust Ventilation]
1 ATS [Animal Transfer Station]  1 A2N [Biosafety Cabinet]
1 DS [Dumping Station], 2 Carts [Clean/Dirty], 1 FD [Sink]  

1- [0.8 Hp(supply)+0.7 Hp(exhaust)]x746w/Hp÷[635cfm(supply)+535cfm(exhaust)]= 1.05 w/cfm
2- Total cfm required for an IVC room is 635 divided by 220nsf = 2.6 cfm/sf
3- $50/cfm (estimate) x 2.6 cfm/sf = $130/nsf 
4- (1.05 w/cfm x 2.6 cfm/nsf x 8,760 hours [100%]) x 2 ÷ 1,000 =  48 kwh/nsf
5- 635 cfm ÷ 400 (assumes 400 cfm per ton of cooling) = 1.5 tons ÷ 220 nsf =~ 0.005 ton/nsf
6- $1,500/ton (estimate) x 0.005 ton = $ 7.50/nsf
7- 0.8 kw/ton (estimate) x 0.005 tons x 2,000 hours [22%] =  8 kwh/nsf 
8- (70 btu/h per cfm heat + 30 btu/h per cfm humid) x 2.6 cfm/sf = 260 btu-h/sf
9- 260 btu-h/sf x $0.03 btu-h (estimate) = $7.80/nsf
10- 260 btu-h x 1.25 efficiency x 2,890 (33%) = 940,000 btu ~ 275.5 kwh
11- [5 x 630w/rack] + 315w ATS + 315w A2N + 315w DSx 2 ÷ 220sf = 37.2w↔ 40w
12- $0.50/wh/yr (estimate) x 40 wh/nsf = $20.00/nsf
13- [2 x 315 w x 5 racks ÷ 220sf = 14.3 w/sf x 8,760 h/yr = 125.4 kw/sf] + 
[ATS, A2N, DS: 3x315w÷220 sf= 4.3w/sf x 3,504 h [40%]= 15 kwh/sf ]= 140.4 kwh/sf

14- EPA source at $0.05/kwh

140.4 kwh/nsf  13$  20.00 /nsf 1240 w/nsf 11

$ 23.60 nsf/yr 14

$ 5,191 per room/yr

471.9 kwh/nsf/yr
102,818 kwh/yr/room

$165.30 /nsf
$36,366 / room

275.5 kwh/nsf  10$    7.80 /nsf 9260 btu-h/nsf 8
8 kwh/nsf 7$    7.50 /nsf 60.005 ton/nsf 5

48 kwh/nsf 4$130.00 /nsf 31.05 w/cfm 1 

2.6 cfm/nsf 2

Annual Energy 
Consumption

Building
Costs

Design
Parameters

15 kwh/nsf  13$  5.00 /nsf 1210 w/nsf 11

$ 8.26 nsf/yr 14

$1,818.30 / room/yr

165.3 kwh/nsf/yr
36,366 /room

$73.10 /nsf
$16,082 / room

126 kwh/nsf  10$  3.60 /nsf 9120 btu/nsf 8
5.3 kwh/nsf 7$  4.50 /nsf 60.003 ton/nsf 5

19 kwh/nsf 4$60.00 /nsf 30.9 w/cfm 1 

1.2 cfm/nsf 2

Annual Energy 
Consumption

Building
Costs

Design
Parameters

1- [0.32 Hp(supply)+0.2 Hp(exhaust)]x746w/Hp÷[260cfm(supply)+160cfm(exhaust)] = 0.9 w/cfm
2- Total cfm required for an EVC room is 260 divided by 220nsf = 1.2 cfm/sf
3- $50/cfm (estimate) x 1.2 cfm/nsf = $ 60/nsf
4- (0.9 w/cfm x 1.2 cfm/nsf x 8,760 hours [100%]) x 2 ÷ 1,000 =  19 kwh/nsf
5- 260 cfm ÷ 400 (assumes 400 cfm per ton of cooling) = 0.65 tons ÷ 220 nsf =~ 0.003 ton/nsf
6- $1,500/ton (estimate) x 0.003 ton = $ 4.50/nsf
7- 0.8 kw/ton (estimate) x 0.003 ton x 2,000 hours [22%] =  5.3 kwh/nsf 
8- (70 btu-h/cfm heat + 30 btu-h/cfm humid) x 1.2 cfm/sf = 120 btu/nsf
9- 120 btu-h/sf x $0.03 btu-h (estimate) = $ 3.60/nsf
10- heat use 120 btu-h x 1.25 efficiency x 2,890 hours (33%) = 430,000 btu ~ 126 kwh/nsf
11- [7 x 0w/rack] + 315w ATS + 315w A2N + 315w DSx 2 ÷ 220sf = 8.6w↔ 10w
12- $0.50/wh/yr (estimate) x 10 wh/nsf = $5.00/nsf
13- [0 w x 7 racks ÷ 220sf = 0 w/sf x 8,760 h/yr = 0 kw/sf] + 
[ATS, A2N, DS: 3x315w÷220 sf= 4.3w/sf x 3,504 h [40%]= 15 kwh/sf ]= 15 kwh/sf

14- EPA source at $0.05/kwh

W.S. (Lanny) Joyce, P.E., an energy engineer, is Manager of Engineering, Planning, and 
Energy Management in the Utilities and Energy Department at Cornell University, Ithaca, NY.  
He has been instrumental for the implementation of the Lake Source Cooling project 
that replaced CFC based chillers with the natural chill in the deep waters of nearby 
Cayuga Lake.  His department received the 2001 International District Energy Association (IDEA), 
System of the Year Award and the prestigious Governor's Award for Pollution Prevention.
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- Positive High-Pressure 2-3 wc [500-750 Pa]

- Forced-Air Recirculation Ventilation
0.7-1.3 m/s [150-250 fpm], 80 ACH, Mixing Factor @ 8

99% Smoke Removal Efficiency in 35 minutes
- Capture Exhaust Venting

- Negative Low-Pressure 0.15 wc [37.5 Pa]

- LED (HVAC-assist Single-Pass Ventilation)
0.02 m/s [4 fpm], 20 ACH, Mixing Factor @ 1
99% Smoke Removal Efficiency in 4 minutes

- Direct Exhaust Ventilation

100 cages

14  ACH = 500 cfm (3,481 w= 1 ton of cooling= 400cfm+100cfm[5 people]) x 60 min
[10’ x 22’ x 10’]  2200 ft3

Total-Cooling-Load Calculation Method
Recommended-ACH = Q [exhaust airflow in cubic feet per minute {cfm}] x 60 minutes {min}

V [volume in cubic feet {ft3}]

HVAC Requirements

4.3 ACH = 160 cfm (496 w= 0.15 ton of cooling= 60cfm+100cfm[5 people]) x 60 min
[10’ x 22’ x 10’]  2200 ft3

Cost of A&E / HVAC Systems

Ventilation

Cooling Plant

Heating Plant

TOTAL

Yearly Cost

9.7 ACH or 69% SAVINGS

66,452 kwh$20,284 or 56 %
SAVINGS

75%

2,985 w or 85%

10’x22’x10’=2,200 ft.310’x22’x10’=2,200 ft.3

Conclusions

• Provide Flexibility [Isolation/Containment] + Density [up to 2 times more] + Safety

• Eliminate Odors + Airborne Contaminants including Allergens = Clean Room

• Reduce Total Heat Load by 75 to 85% = HVAC Requirements at 40 to 69% of IVC

• Simplify Air Balancing and Reduce the Amount of Air from Clean to Dirty Areas

• Avoid HEPA-Filtering of Room Air = Save on Maintenance, Service, Calibration

• Save on Exhaust Ducting-Cleaning, i.e. Downtime, Breach, Costs, etc.

Germain F. Rivard, DVM, PhD and W.S. (Lanny) Joyce, P.E.
Facility Design and Management, MouseCare, Ithaca, NY and Energy Management, Utilities and Energy Department, Cornell University, Ithaca, NY

Labs21 2005 Annual Conference, October 18-20, 2005, Portland, Oregon www.labs21century.gov/conf/upcoming/2005/abstracts/posters/poster_rivard.htm

wsj1@cornell.edu

Plug Load

10’x22’x10’=2,200 ft.3 10’x22’x10’=2,200 ft.3

(25 Rm. x 220 ft2 = 5,500 ft2)

3,8413,9797,820Trees 4
9092182Cars 3

1,3031,3502,653Carbon Dioxide Emissions [Tons]2

5760117Households 1
1,715,040 or 49%1,776,4063,491,446Energy Consumption [kwh/year]

5,500 nsf or 100%
17,500 Cages

87,500 Mice

8,750 Cages

43,750 Mice

Case Study:     5,500 nsf

SavingsEVCIVC

- Capture Exhaust Venting

75 cfm [2 m3/min] ea. X 5 racks = 375 cfm [10 m3/min]

- Direct Exhaust Ventilation

40 cfm [1.1 m3/min] ea. X 7 racks = 280 cfm [7.7 m3/min] 

533.5 w
533.5 w= 0.15 ton of cooling= 60 cfm

Total Heat Load per Room:                 2,366 w
2,366 w= 0.68 ton of cooling= 272 cfm

700 occupied cages           = 87.5  w per room

Mice Heat Load
350 occupied cages                 = 805 w per room

EVC (Exhaust Ventilated Caging): No blower 

0 w. per rack X 7 racks (700 cages)

0 w per room

ATS: 223 w  + A2N: 223 w =    446 w per room

Equipment Heat Gain
IVC: Supply Blower only

223 w per rack  X  5 racks (350 cages)

1,115 w per room

ATS: 223 w + A2N: 223 w  =     1,561 w per room

20.4 ACH = 747 cfm ( 272+375[exhaust]+100[people]) x 60 min
[10’ x 22’ x 10’]  2200 ft3

HVAC Requirements
12 ACH = 440 cfm (60+280[exhaust]+100[people]) x 60 min

[10’ x 22’ x 10’]  2200 ft3

7 x OM [OptiMICE] @ 100-cage ea. = 700 cages

8.4 ACH or 41%

8,750 Cages on 125 SSR Racks  17,500 Cages on 175 OM Racks

1,832 w or 77%

Ventilation
Cooling/Heating

Plug Load

43,750 mice 
$  280,000 8

8,750+ cages
$1,942,000 7

$500,900$3,190,000

$ 220,900$1,248,000 

$        900 6$   63,000 5
$ 210,000 4$ 125,000 3
$   10,000 2$1,060,000 1
Annual CostFirst Cost

87,500 mice 
$   341,300 8

17,500+ cages
$2,362,000 7

$479,100$3,140,000

$ 137,800$ 778,000

$        200 6$   23,600 5
$ 132,300 4$   79,400 3
$     5,300 2$ 675,000 1
Annual CostFirst Cost

1- 847supply X 25= 21,200 cfm X $50/cfm (estimate)
2- 1.05 w/cfm X 21,200 cfm X 8,760 hours= 195,000 kwh x $0.05 (estimate)
3- 21,200 cfm x ($7.50/sf cool + $7.80/sf heat)/2.6 cfm/sf = $125,000
4- 21,200 cfm x ($9.80:[$.40 cool {8kwhx$.05/kwh}]+[$9.40 heat and humid]/sf)
5- 8 x 315w [5racks, ATS, A2N, DS] x 2 x 25 rms = 126,000w x$0.50(estimate)
6- 1,575w[5 racks]x8,760h/y + 945w[ATS, A2N, DS]x3,504h/y[40%] x$0.05(estimate)
7- 8,750 cages x $200 [$14,000/70-cage rack] + 36.5% C-O x $60
8- 8,750 cages changed/10d x $32 [estimate from P. Rodrigez, UMDNJ]

1- 540 supply X 25 = 13,500 cfm X $50/cfm (estimate) 
2- 0.9 w/cfm X 13,500 cfm X 8,760 hours= 106,435 kwh x $0.05 (estimate)
3- 13,500 cfm x ($7.50/sf cool + $7.80/sf heat)/2.6 cfm/sf = $79,442
4- 13,500 cfm x ($9.80:[$.40 cool {8kwhx$.05/kwh}]+[$9.40 heat and humid]/sf)
5- 3 x 315w [ATS, A2N, DS] x 2 x 25 rms = 47,250w x $0.50(estimate)
6- 0 w[7 racks]x8,760h/y + 945w[ATS, A2N, DS] x 3,504h/y[40%] x $0.05(estimate)
7- 17,500 cages x $120 [$12,000/100-cage rack] + 25% C-O x $60
8- 17,500 cages changed/15d x $19.50 [estimate from P. Rodrigez, UMDNJ]

subTOTAL

Caging/Husbandry

TOTAL

Environmental  Impact

Notes:  Inferences are from EPA’s document ‘Laboratories for the 21st Century: An Introduction to Low-Energy Design.’
1.   One household consumes an average of 29,762 kwh per year.  
2.  Saving 1,316 kwh decreases carbon dioxide emissions by one ton.  
3.  Saving 19,230 kwh equals to the environmental effect of removing one car from U.S. highways.  
4.  Saving 446.5 kwh corresponds to the environmental effect of preventing one tree from being harvested.

$ 50,000 or 1.6% $ 22,000 or 4.4% SAVINGS

Case Study

The analysis of a fixed square foot case study confirms these savings when using 

single-pass ventilation and EV-LED instead of recirculation ventilation and forced-fan 

equipment.  By utilizing EVC caging, we can double the number of cages per square feet 

and still decrease the HVAC requirement and energy consumption in the same space. 

In this case, while eliminating the exhaust blower on the IVC, the HVAC requirement 

decreases by 41% and the energy consumption drops by 49%.  First-cost savings that 

include ventilation, cooling/heating, plug load, and caging acquisition costs reach 

$50,000 or 1.6% savings.  Annual cost savings including husbandry cost approach 

$22,000 or 4% savings.  And space efficiency is 100% or double conventional space 

utilization due to the carousel-type design of the circular rack that increases cage 

density per square feet.

This poster shows issues related to energy consumption and summarizes key opportunities 

for energy efficiencies of mouse facilities. It provides opportunities to contain construction and 

operation costs, improve energy efficiency, and advance environmental performance of 

barrier facilities from a “whole building” perspective. It presents ways to reduce the 

• HVAC requirements, 

• number of forced-air plug-ins,

• amount of energy required to conditioning and moving both central and local ventilation air. 

For example, using exclusively a motorless EV-LED caging eliminates both animal and 

equipment heat loads and airborne contaminants, thus lowering HVAC and energy 

requirements considerably. It makes possible reducing construction and operation costs of 

ventilation, cooling plant, and plug load systems significantly.

5 x SSR @ 70-cage ea. = 350 cages

Cost of A&E / HVAC Systems

Building  Efficiency

This diagram of HVAC airflow in an animal facility utilizing four 

EVC mouse racks demonstrate the following benefits.

Animal facility design should include the use of single-pass room [+] and cagerack [-] ventilation

at minimal ACH and low-velocity with absolute filters.  Such engineering control can efficiently 

eliminate airborne contaminants at their source of generation before dispersion and prevent 

recirculation of contaminated air. This is the best solution to provide high indoor air quality [IAQ] 

standards at room and cage levels, minimize experimental variables, and contain costs.  Also, 

using an EVC system with direct exhaust connection to the outside reduces the ACH required.  

EVC is driven by the building’s exhaust HVAC system instead of electric blowers.  It eliminates not 

just odors and airborne contaminants but most of the heat loads before transfer through cage 

surfaces to the room.  In fact, using a closed-system caging on an exhaust ventilated rack such as 

the OptiMICE system eliminates 95% of the mice heat load expected to be generated by the largest 

number of mice. 

A low ventilation rate saves not just on HVAC installation but also on first, annual, and lifecycle 

costs; on building commissioning, room balancing, and energy requirements; and on maintenance, 

service, calibration, and validation of fans and filters. On the other hand, choosing to ventilate by 

recirculation ventilation rooms and forced-air IVC cageracks might seem cheaper upfront, but its 

first and annual costs [i.e. cost of ownership] are, in the long run, going to be more expensive than 

single-pass ventilation.  Also, it has been demonstrated that IVC exacerbates physiological, 

experimental, and environmental stressors on caged-animals as well as jeopardize the production 

of valid data.  

The case study summarizes a key opportunity to including the use of EV-LED caging system for a 

sustainable, high performance, and low-energy rodent facility.  It minimizes overall environmental 

impact significantly while assuring safety to the research animals and their users and optimizing 

whole building efficiency on a life-cycle basis (see below).

In summary, using single-pass ventilation and space-efficient EV-LED such as the OptiMICE 

provides a cost-effective solution to implement an energy-efficient and high performance 

rodent facility.

$3,373 or 65% SAVINGS

496 wTotal Heat Load per Room:                          3,481 w

Depend of room air conditions
Same as Room Temperature

Same as Room Humidity

In-Cage Temperature / Relative Humidity (%RH):

Depend on rack’s fan intake and cage location
3 to 5 0C ABOVE Room Temperature

10 to 15 % RH ABOVE Room Humidity

1-4 ppm NH3 after 3 weeks

Eliminate Allergens

Other Loads [Odors & Airborne Contaminants]:
20-22 ppm NH3 after 2 weeks

Reduce Allergens to 0.1 ng/m3

Direct exhaust of 95% loads    5 adult mice= 0.125 w per cage/

400 occupied cages           = 50  w per room

Mice Heat Load
Capture exhaust of 8% loads 5 adult mice = 2.3 w per cage

350 occupied cages                 = 805 w per room

EVC (Exhaust Ventilated Caging): No blower 

0 w. per rack X 4 racks (400 cages)= 0 w per room

ATS: 223 w + A2N: 223 w      =    446 w per room

Equipment Heat Gain
IVC (Individually Ventilated Caging): 223 watts (w) ea. Blower 

446 w per rack  X 5 racks (350 cages)= 2,230 w / room

ATS: 223 w + A2N: 223 w           = 2,676 w per room

100 cages

Figure 1:


