
1 © 2019 MITSUBISHI ELECTRIC US, INC. ALL RIGHTS RESERVED | TO LEARN MORE ABOUT MITSUBISHI ELECTRIC ELEVATORS & ESCALATORS, VISIT MITSUBISHIELEVATOR.COM|

Introduction

ECONOMIC 
CONSIDERATIONS
AND THE TOTAL 
COST OF ELEVATOR 
OWNERSHIP

WHITE PAPER

When the cost analysis for an elevator fails to consider more than the installation phase, the total 

cost of ownership (TCO) is obscured, leaving building owners and facility managers vulnernable to 

unpredictable monthly bills and unforeseen liabilities. In this White Paper, we discuss the impact 

of poor quality elevator performance and how high-quality services and exceptionally engineered 

vertical transportation can prove their value over options with a lower upfront cost.

TECHNICAL REVIEW 

CLEAN AIRFLOW IN 
AN ELEVATOR CAB

Topic       

In an era of heightened concern for health and safety, many elevator passengers will be 
concerned about entering a small enclosed space like an elevator cab with others. Most elevator 
cabs and all Mitsubishi Electric elevator cabs provide a Negative Pressurization system that 
is designed to quickly and quietly change the air in an elevator. This Negative Pressurization 
system will constantly change the air in an elevator cab with new air from the building HVAC 
system. The following write-up will give the details on how this is achieved.
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The Economic Cost of Callbacks

Callbacks are situations where equipment has failed 

to operate as designed and maintenance workers must 

perform diagnosis and repair. Accidents, user error and/or 

vandalism may precipitate a callback. If elevator doors are 

knocked off the track, keys are dropped down a shaft or 

user error results in an entrapment, a building owner may 

have to pay a billable callback fee over and above what is 

included in the maintenance contract. 

When analyzing past callbacks or evaluating new 

equipment and service providers, building owners and 

facility managers will want to consider the impact of both 

maintenance and the original engineered quality of the 

elevator. For example, if an elevator door is not adjusted 

and aligned properly, it can be easily dislodged from its 

track. If properly maintained or well-constructed, that 

same elevator door might be able to take a strike or bump 

and still remain in place and operational.

The industry standard for callbacks is anywhere from 2 

to 15 calls per elevator per year. If a building has a bank 

of six elevators, 24 elevator failures per year might be 

considered a success by some elevator service companies 

and manufacturers. For the building owner who has 

performed a full cost analysis, this level of “success” 

is expensive and unsustainable. Callbacks are a key 

contributor to an elevator’s total cost of ownership. 

Cost of Callbacks as a Percentage  
of Maintenance

Survey responses collected for this White Paper show 

a wide variation between what building owners pay for 

callbacks in terms of additional fees to a service company. 

For some respondents, billable callbacks account for 

50 percent of their monthly maintenance cost, while 

for others, billables are between zero and three percent 

of monthly costs. Before switching to a new service 

provider, one company even paid double and triple its 

monthly maintenance fee for billables in some cases. If 

the maintenance fee was $5,000, the building owner was 

responsible for $15,000 in billables.  

 

Cost of Callbacks in Manhours

Based on survey results, in addition to unexpected 

increases in monthly maintenance fees, building owners 

also incur manhour costs as staff use time to address 

elevator malfunctions. Among survey respondents, 

building engineers and property managers spent the most 

time addressing callbacks with the majority spending 

between 30 to 90 minutes  per incident. For incidents 

involving entrapments, building engineers worked 

between two and four hours per incident. Property 

managers worked from one to three hours to address 

incidents involving an entrapment.

Topic Outcome        
The entire volume of air is completely recycled in less than 2 minutes 30 seconds, and in as little as 36 seconds 
depending on the capacity of the elevator, the size of the fan, the mode (moving or idle) and whether the 
elevator doors are closed.

Abstract
This article will assist in understanding air flow in an elevator cab through the ventilation system.

Air Flow in an Elevator Cab
Airflow is the movement of air from one place to another. The 
primary cause of airflow is a pressure differential between two 
places. Air behaves in a fluid manner, meaning particles naturally 
flow from areas of higher pressure to those where the pressure 
is lower. Atmospheric air pressure is directly related to altitude, 
temperature and composition.

The flow of air can be induced through mechanical means (e.g. 
operating an electric or manual fan) or can take place passively, as 
pressure differentials present in the environment. An elevator’s 
ventilation system includes both forced mechanical ventilation and 
passive natural ventilation. Thus, there is a mechanical ventilator 
attached to the elevator cab and ventilation slots in the elevator 
enclosure to help keep fresh air circulating. Figure 1 indicates 
typical elevator cab and ventilation location.

Code Requirements for Elevator Cab Ventilation

ASME A17.1 is the safety code that provides guidance for elevator and escalator equipment. Safety codes 
and standards are intended to enhance public health and safety. Per the code requirements, the total area of 
natural ventilation openings shall be not less than 3.5% of the inside car floor area.

Methods of Forced Ventilation for Elevator Cab

Typically for the forced ventilation, there are variable methods such as natural (passive) and forced with either 
exhaust propeller fans or high performance centrifugal (squirrel cage) exhaust fan.  It is also important to note 
that the construction of the ventilation equipment may differ, thus the airflow could differ.
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Capacity 
(lbs.)

Persons Inside floor 
area (ft2)

Code Required 
Ventilation (ft2)

Air volume in cab (ft3)  
(8’-0” or 9’-0”)

3500 21 38.0 1.33 304; 342

4000 25 42.2 1.48 338; 380

4500 28 46.2 1.62 370; 416

Table 1: Typical elevator inside car floor area and natural ventilation openings
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Figure 1: Elevator Cab and Ventilation
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Model Type Manufacturer Air Flow (CFM)
EVS-2 Emergency ventilation Man-D-Tec 200, 300 400

MVS-12, X12F9 2-speed fan Man-D-Tec, Morrison, etc., Nylube Products 300

MVS-OE, XNLOE-3 3-speed exhaust fan Man-D-Tec, Morrison, etc., Nylube Products 450

MVS-AA, 2XNLOE-3 3-speed high performance Man-D-Tec, Morrison, etc., Nylube Products 700

Table 2: typical types of ventilation products for elevator cab

Air Exchange in Elevator Cab

As discussed previously, the air exchange system in an elevator cab has two components — forced and natural. 
The forced air exchange is based on the specification of the fan installed in the elevator. This will be the 
maximum time for air exchange used through the fan ventilation.

The volume of air exchange for natural ventilation depends on the airflow in the hoistway. Typically, there is 
a general upward movement of air inside the elevator shafts because of pressure differentials between the top 
and bottom of a building. Additionally, several factors to consider are:

• Elevator running or not
• Elevator shaft pressure
• Ambient temperature
• Time of the day (which affects the temperature)
• Air tightness of the building 

Based on the above factors, the calculations could be 
simplified by using the airflow speed in the elevator 
shaft V = 0.5 m/s (30 m/min, 100 FPM). This information 
is used to determine the exchange time by natural ventilation.

With the natural ventilation added, the air exchange time in the elevator cab is less as compared to forced 
ventilation. Please refer to Chart 1.2 for time differences.

Chart 1.1: air exchange time (minutes) by forced ventilation

Capacity Code Required 
Ventilation (ft2) 

Air flow volume 
(CFM)

3500 1.33 133

4000 1.48 148

4500 1.62 162

Table 3: air exchange by natural ventilation
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Chart 1.2: air exchange time (minutes) by forced + natural ventilation

As could be seen in Chart 1.2, the highest exchange time inside the elevator cab is 1.15 minutes. For high-
speed elevators, the floor-to-floor travel time could be much less than the maximum time for air exchange. 
This suggests the riding passenger could potentially have less exposure to contaminated air. For low-speed 
elevators, the travel time could be longer, however, with the air refreshed, the exposure to contaminated air 
would be reduced. Hence, a passenger in an elevator would be relatively safe, if best practices were adhered to, 
such as: 

• Practice good hygiene recommendations as described by the Centers for Disease Control and Prevention (CDC)
• Wear appropriate personal protective equipment (PPE), such as facial masks, gloves and goggles
• Adhere to industry recommendations and standards from the National Elevator Industry (NEII) for social 

distancing guidelines in elevators and on escalators

Capacity 
(lbs.)

Max occupancy 
per code

Inside floor 
area (ft2)

Max persons w/ 6’ 
social distancing Occupancy

3500 21 38.0 2 9.5%

4000 25 42.2 2 8.0%

4500 28 46.2 2 7.1%

Table 4.1: Cab occupancy for social distance (6’-0”) in elevator 1, 2

Capacity 
(lbs.)

Max occupancy 
per code

Inside floor 
area (ft2)

Max persons w/ 3’ 
social distancing Occupancy

3500 21 38.0 7 33%

4000 25 42.2 8 32%

4500 28 46.2 9 32%

Table 4.2: Cab occupancy based on 3’-0” distance in elevator 2, 3

Continued >

1 As of 5/18/20 the CDC recommends 6’-0” as social distancing dimension.
2 Based on conventional clear inside spaces for noted capacities. Sketches showing the geometry and calculations can be   
 furnished by your sales team.
3 Table 4.2 notes maximum passengers using 3’-0” distancing between passengers as a reference, however,  
 Mitsubishi Electric US, Inc. recommends that guidelines established by CDC and other authorities are followed.
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Conclusion

Mitsubishi Electric US, Inc. is making every effort to monitor safety guidelines closely in addition to taking the 
necessary precautions to ensure the safest experience possible for our employees, customers and communities 
who rely on our products and services. We are committed to ensuring the best methods are implemented and 
communicated to all stakeholders as updates are made.

Appendix: NEII tips related to COVID-19 4

Reference
4 NEII, https://nationalelevatorindustry.org/coronavirus-covid-19-resources/
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