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1. Overview of the Data Collection and Analysis Process
The overall data collection and analysis process for developing the Airport Terminal Buildings (ATBs)
benchmarks is shown in Figure 1. This figure is divided into three main tasks: 1) developing the individual
benchmarks in the upper portion of the figure and making comparisons between participating ATBs; 2)
comparing estimated benchmarks with actual measured data from the ATBs; and 3) developing the
Representative Airport Terminal Buildings (RATBs) benchmarks in the lower part of the figure.

To develop the individual ATB benchmark, two different procedures were created: one based on specific
zones/functions within the ATB, each with a certain square footage; and one, based on the mechanical systems
that can be found in an ATB and their particular parameters (not based on square footage). The cumulative
result from the application of these two procedures produces the overall annual energy use intensity baseline for
the ATB.

In the first procedure, the ATB is sub-divided into specific Zones (i.e., concession, office, transient space, etc.)
and each of these Zones is assigned an Energy Use Intensity (EUI) based on the best available published EUIs
that are appropriate for that type of space. Each ATB Zone EUI is then converted to an Energy Use (EU), by
multiplying the EUI value with the square footage of that particular Zone. The EUs of all the various Zones are
then added up to a subtotal EU for ATB Zones. Each ATB Zone EU is also divided by the total square footage
of the buildings, which provides a normalized EUI for each ATB Zone. The EUIs of all the various Zones are
then added up to a subtotal EUI for all ATB Zones.

In the second procedure, specific systems that are common to ATBs are identified and their annual EU is
determined based on their specific parameters and the best available procedures for determining the annual EU
of such systems. The Systems’ EUs are summed up to a subtotal EU for all ATB systems. Each ATB system
EU is also divided by the total square footage of the building, which provides a normalized EUI for each ATB
system. The EUIs of all the various systems are then added up to a subtotal EUI for all ATB systems.

The overall ATB benchmark is the combination of the two subtotals: the annual EUI for all the ATB Zones and
annual EUI for all the ATB Systems. This process is applied to each of the participating airports to determine
the annual estimated EU and EUI of the individual ATB. The measured EUI, based on utility information is
then calculated, and comparisons can be made between the estimated EU and EUI and the measured EU and
EUI for each individual ATB, as well as comparisons between participating ATBs.

Once the process has been applied to the participating ATBs, comparisons can be performed, the Representative
Airport Terminal Buildings (RATBs) can be defined, and their benchmarks can be set.

http://www.nap.edu/23495
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Figure 1. The Process of Data Analysis and Development of EUI Benchmarks 

2. Defining Annual EUI per ATB Zone
Figure 2 shows the process used to determine the proposed Energy Use Intensity (EUI) for the Airport Terminal
Building (ATB) Zones. In this process, published EUIs were gathered and compared to determine the most
representative EUI for the expected Zones in the ATB. As shown in the upper portion of the figure, various
sources were reviewed to determine if suitable EUIs were available. The result of this review produced the
Preliminary EUIs.

In the lower portion of Figure 2, an ongoing process is indicated to crosscheck EUIs with representative data
from actual facilities (i.e., utility billing data, square footage, etc.). The result of this crosscheck was intended to
produce the Proposed EUIs for use in the final report for this project.

Define Data 
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Departure/Border Security   
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• Proposed EU per ATB System
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Compare & Crosscheck Results between ATBs  
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Figure 2. Defining Proposed EUI per Airport Terminal Building Zone 

Some of the existing sources for EUI values focus on EUI for one specific building type/Zone (e.g., the 
PNNL Post Occupancy Evaluation of 22 GSA Office Buildings). Other sources provide values for several 
different building types/Zones (e.g., CBECS 2003, EPA Portfolio Manager, California Commercial End 
Use Survey). Each of the sources considered in this study relies upon a previous survey of existing building 
performance to establish EUI benchmark values for a specific building type or a group of building types. 
These sources established benchmarking values for building performance measured by EUI, which are 
relevant to this study because they provide a context for establishing the Preliminary EUIs per ATB Zone. 
The following is a brief review of the EUI sources. 

2.1  Comparison of EUI Sources per Function/Zone 

Table 1 summarizes the differences and similarities between the three main EUI sources; i.e., 2003 
CBECS, EPA Portfolio Manager, and the California Commercial End Use Survey (CEUS). In Table 1, 
the varying values of ten (10) Zones identified in ATBs are shown.  

Six (6) building types from the 2003 CBECS database were used to represent the ten (10) ATB Zones. 
Five (5) ATB Zones were represented using the 2003 CBECS “Public Assembly” category, (i.e., 
Transient Space, Ticketing Check-In, Departures Hold Room, Outbound/Inbound Baggage Handling, 
and Arrivals/Baggage Claim) (U.S. EIA 2003). 

In the case of the EPA Portfolio Manager, six (6) building types were also used to represent the ten (10) 
ATB Zones. The EPA Portfolio Manager’s “Public Services-Transportation Terminal/Station” building 
type represented the five (5) ATB Zones: Transient Space, Ticketing Check-In, Departures Hold Room, 
Outbound/Inbound Baggage Handling, and Arrivals/Baggage Claim (U.S. EPA 2013). 

The 2003 CEUS’ building types are the same as CBECS’ building types except for the “Public Order & 
Safety.” The CEUS data does not include this building type (LBNL 2008). 

Define EUI and EU Table:  
• Proposed EUI per ATB Zone
• Proposed EU per ATB System

 

 Restaurants  
 Other Businesses 
 Sub-metered Participating Airport 

Terminals  

CBECS EUI per 
ATB Zone 
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ATB Zone 

 

Actual 
Utility Data 

Crosscheck 

Other Existing EUI 
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Other General 
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EPA’s ENERGY STAR Portfolio Manager   
California Commercial End Use survey (CEUS)   

PNNL Post Occupancy Evaluation of 22 GSA Office Buildings   
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 ASHRAE Standard 105-2007 
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 Arch 2030  

http://www.nap.edu/23495


Methodology to Develop the Airport Terminal Building Energy Use Intensity (ATB-EUI) Benchmarking Tool

Copyright National Academy of Sciences. All rights reserved.

4 

 
 Table 1. Comparison of EUIs for Building Types from Difference Sources associated with ATB Zone 

 

No. 
Airport Terminal 

Building                        
Zone 

CBECS Data                       
(2003) 

EPA Portfolio Manager  
(Using 2003 CBECS Data) 

California Commercial End 
Use Survey - CEUS (2008) 

Building 
Type 

Mean EUI 
(kBtu/ft2-yr)  Building Type Median EUI 

(kBtu/ft2-yr) 
Building 

Type 
Median EUI 
(kBtu/ft2-yr) 

1 Concession 
Food 

Food 
Service 258 

Food Sales & Service - 
Fast-Food Restaurant & 
Restaurant (CBECS Fast-
Food & CBECS – 
Restaurant Cafeteria) 

304 Food Services 
- Restaurant 333 

2 Concession 
Retail 

Enclosed 
Mall 102 Retail - Enclosed Mall 94 

Enclosed 
Shopping 
Center - Mall 

80 

3 Office Office 93 Office - Office (CBECS - 
Office &Bank/Financial) 67 Office - 

Professional 53 

4 Transient Space Public 
Assembly 94 

Public Services - 
Transportation 
Terminal/Station 

45 Public 
Assembly 72 

5 Ticketing 
Check-In 

Public 
Assembly 94 

Public Services - 
Transportation 
Terminal/Station 

45 Public 
Assembly 72 

6 Departures 
Hold Room 

Public 
Assembly 94 

Public Services - 
Transportation 
Terminal/Station 

45 Public 
Assembly 72 

7 Departure/Border 
Security 

Public 
Order & 
Safety 

116 
Public Services - Police 
Station (CBECS - Fire 
Station/Police Station) 

88 NA NA 

8 Outbound/Inbound 
Baggage Handling 

Public 
Assembly 94 

Public Services - 
Transportation 
Terminal/Station 

45 Public 
Assembly 72 

9 Arrivals / 
Baggage Claim 

Public 
Assembly 94 

Public Services - 
Transportation 
Terminal/Station 

45 Public 
Assembly 72 

10 Service 
(Mech/Elec/Server) Other 164 Other - Utility (CBECS - 

Other) 79 Other - 
Unknown 89 

 
In general, as illustrated in Figure 3, the EUI sources compared in this study showed a wide variation in 
the EUIs for each of the ATB Zones due to several reasons, such as the EUI calculation methods (mean 
vs. median), the different building types/Zones, and the data sources (national vs. state-based). However, 
several trends can be observed. First, with the exception of the “Concession Food” category, the 2003 
CBECS EUI values are above all other values, which is considered acceptable for the purposes of this 
study since the 2003 CBECS values are the most widely used EUI values in the HVAC industry. Second, 
several of the EPA Portfolio Manager values appear to be unreasonably low for average values for 
existing facilities (i.e., Public Services).  
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Figure 3. EUIs Comparison between Different Sources 

2.2  Crosscheck with Actual Utility Data 

The study included several efforts to crosscheck the Preliminary EUIs per ATB Zone with the Actual 
Utility Data from businesses similar to those found in ATBs (such as full-service restaurants and fast-
food establishments, etc.), or sub metered data from the participating airports.   

2.2.1. Crosscheck Efforts 
The crosscheck efforts include the following: 

• An EUI Analysis of full-service restaurants in Raleigh, North Carolina (2014):
This restaurant analysis is based on a survey of six (6) full-service restaurants in the area surrounding
Raleigh, NC. This analysis was completed with the intent of informing this study by providing a EUI
reference for the Concession - Food ATB Zone. This analysis includes annual whole-building energy
consumption based on electricity and natural gas consumption for twelve month utility bills.

258 

102 
93 94 94 94 

116 

94 94 

164 

304 

94 

67 

45 45 45 

88 

45 45 

79 

333 

80 

53 

72 72 72 

NA 

72 72 

89 

0

100

200

300

400

Co
nc

es
si

on
Fo

od

Co
nc

es
si

on
Re

ta
il

O
ffi

ce

Tr
an

si
en

t S
pa

ce

Ti
ck

et
in

g
Ch

ec
k-

In

De
pa

tu
re

s
Ho

ld
 R

oo
m

De
pa

rt
ur

e/
Bo

rd
er

Se
cu

rit
y

O
ut

bo
un

d/
In

bo
un

d
Ba

gg
ag

e 
H

an
dl

in
g

Ar
riv

al
s /

Ba
gg

ag
e 

Cl
ai

m

Se
rv

ic
e

(M
ec

h/
El

ec
/S

er
ve

r)

E
U

I 
(k

B
tu

/s
qf

t-
yr

) 

Airport Terminal Building Zone 

CBECS (2003)

EPA Portfolio Manager

California Commercial End Use Survey - CEUS (2003-2004)

http://www.nap.edu/23495


Methodology to Develop the Airport Terminal Building Energy Use Intensity (ATB-EUI) Benchmarking Tool

Copyright National Academy of Sciences. All rights reserved.

6 

• An EUI Analysis of full-service and fast-food restaurants in Bryan/College Station, Texas (2013-
2014): 
This analysis consists of surveying and analyzing full-service and fast-food restaurants located in 
Bryan/College Station, TX, with the intention of providing a reference EUI for the Concession - Food 
ATB Zone. The survey included full-service Mexican and Asian restaurants, and fast-food 
establishments serving burger, sandwich, pizza, donut, coffee, and yogurt. The analysis includes 
annual whole-building energy consumption based on electricity and natural gas consumption, 
whenever was available, for twelve month utility bills. 

2.2.2. Summary and Discussion of Results 
 

The restaurant types included in the Energy Use Intensity (EUI) statistics were full-service and fast-food 
restaurants in Raleigh, NC and College Station, TX. Twelve month energy consumption data was 
considered. Both electricity and natural gas utility bills were included when possible. The analysis results 
are shown in Figure 4.  
 
The full-service and fast-food restaurants data was grouped and averaged: Full service, 485 kBtu/ft2-yr, 
and fast-food, 530 kBtu/ft2-yr. The CBECS EUI for the restaurant category is 258 kBtu/ft2-yr, a 
difference of 87.9% and 105.4% are observed. This large discrepancy can be due to the small sample of 
this study compared to the one used by CBECS, which includes nationwide spread of food-serving 
facilities. Therefore, for this study’s reliability, the research team decided to use the reported 2003 
CBECS EUI values in determination of the ATB EUI values per Zone. 
 

 
 

Figure 4. EUIs Comparison among Actual Utility Data Sources and CBECS Values 
 
 

2.3  Final Annual EUI per ATB Zone 

The research team’s recommendation was to adopt the 2003 CBECS values as the Final EUI per ATB 
Zone. The recommendation was made despite the fact that the 2003 CBECS values for “Concession 
Food” are the lowest of the values among other EUI sources, so all the EUI values are consistent with the 
remaining categories, and to avoid the need for additional variables as required by the EPA Portfolio 
Manager for these categories. 
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Table 2. Final EUI per ATB Zone 

Airport Terminal Building (ATB) 
Zones 

Final EUI per Zone 
(kBtu/sqft-yr)   

1 Concession - Food 258.3 

2 Concession - Retail 73.9 

3 Office 92.9 

4 Transient Space 93.9 

5 Ticketing Check-In 93.9 

6 Departures Hold Room 93.9 

7 Departure/Border Security 115.8 

8 Outbound/Inbound Baggage Handling 93.9 

9 Arrivals/Baggage Claim 93.9 

10 Service (Mech/Elec/Server) 164.4 

3. Annual EU Calculation per ATB System
Figure 5 shows the process for determining the Energy Use (EU) per system that is located in an ATB or that
receives energy from the ATB. In this process, systems that are specific to ATBs were identified and relevant
literature was reviewed. The sources we identified assisted in the development of the method for determining
the annual EU per system. The ATB Systems identified in this study include:
• People movers, escalators, elevators,
• Baggage handling systems,
• Alternative Systems (i.e., electric, heating/cooling),
• Airport Ground Support Equipment (GSE), and
• External/parking lighting.

Figure 5. Defining EU per ATB System 

Parameters of Each 
System 

EU per ATB 
System 

Hours of 
Operation per 
Year for Each 

System 
 

Calculate: 
 Energy for Each 
Hour of Use per 

System, in kBTUs 

Define EUI and EU Table:  
• Proposed EUI per ATB Zone
• Proposed EU per ATB System
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For an Airport Terminal Building (ATB), the overall energy use of all systems would be: 

EUall-systems, total  = EUescalator-total + EUpeople-mover-total 
+ EUbaggage handling-total + EUelevator-total  
+ EUalternative systems-total + EUground support equipment
+ EUexternal/parking lighting  
+ EUother  

Where:  

EUall-systems, total = Annual energy use of all systems (kBtu/yr). 

3.1  Annual EU of Escalator, People-mover and Baggage Handling Systems. 

Figure 6 illustrates the process of calculating the total annual energy use for escalators, people movers 
(moving walkways), and baggage handling systems (TIAX, 2006). 

Figure 6. Calculating Total Annual Energy Use for Escalators, Moving Walkways, 
and Baggage Handling Systems in ATB 
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3.1.1 Annual EU of Escalator Systems:  
 

EUescalator-total = {(EUescalator-active x TIMactive x 365) + (EUescalator-standby x TIMstandby x 365)}   
x #units x 3.412  

 
Where: 

 
EUescalator-total = Annual electricity use of all units in the ATB (kBtu/yr), 
EUescalator-active = Power Draw per Unit in mode; active (kW), 
TIMactive = Time in mode; active (hr/day), 
EUescalator-standby = Power Draw per Unit in mode; standby (kW), 
TIMstandby = Time in mode; standby (hr/day), 
#units = Number of Escalators in Airport Terminal Building. 
1 kWh = 3.412 kBtu 

 
In TIAX 2006, pg. 30, the Commercial Loads – Escalators – Key Assumptions are:  
 

       Table 3. Commercial Loads, Escalators—Key Assumptions 

 
 

Assuming standard Power Draw per unit (TIAX 2006, pg. 30, Commercial Loads – Escalators – 
Key Assumptions): 

 
EUescalator-active = 4.671 kW 
EUescalator-standby = 0 kW  
 
EUescalator-total = {(4.671 kW x TIMactive x 365) + (0 kW x TIMstandby x 365)} 

x #units x 3.412  
 

Assuming standard Annual Unit usage (TIAX 2006, pg. 30, Commercial Loads – Escalators – Key 
Assumptions): 
 

TIMactive = 4380 hr/yr / 365 = 12 hr/day 
TIMstandby = 4380 hr/yr / 365 = 12 hr/day 
 
EUescalator-total = {(4.671 kW x 12 hr/day x 365 day/yr)  

  + (0 W x 12 hr/day x 365 day/yr) 
x #units x 3.412  

EUescalator-total = 20,458 kWh/yr x #units x 3.412 kBtu/kWh 
EUescalator-total = 69,806 kBtu/yr x #units 
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3.1.2 Annual EU of People-Mover Systems: 

EUpeople mover-total = {(EUpeople mover-active x TIMactive x 365) 
   + (EUpeople mover-standby x TIMstandby x 365)} 
   x #units x 3.412  

Where: 

EUpeople mover-total = Annual electricity use of all units in the ATB (kBtu/yr), 
EUpeople mover-active = Power Draw per Unit in mode; active (kW), 
TIMactive = Time in mode; active (hr/day), 
EUpeople mover-standby = Power Draw per Unit in mode; standby (kW), 
TIMstandby = Time in mode; standby (hr/day), 
#units = Number of Units in Airport Terminal Building. 
1 kWh = 3.412 kBtu 

Assuming a standard Power Draw per unit (Otis 2000): 

EUpeople mover-active = 10.4 hp = 7.755 kW 
EUpeople mover-standby = 0 kW  

EUpeople mover-total = {(7.755 kW x TIMactive x 365) 
+ (0 kW x TIMstandby x 365)} 
x #units x 3.412  

Assuming the people movers standard Annual Unit usage is similar to the escalators (TIAX 2006, 
pg. 30, Commercial Loads – Escalators – Key Assumptions): 

TIMactive = 4380 hr/yr / 365 =12 hr/day 
TIMstandby = 4380 hr/yr / 365 =12 hr/day 

EUpeople mover-total = {(7.755 kW x 12 hr/day x 365 day/yr) 
      + (0 kW x 12 hr/day x 365 day/yr)} 
      x #units x 3.412  

EUpeople mover-total = 33,966.900 kWh/yr x #units x 3.412 kBtu/kWh 
EUpeople mover-total = 115,895 kBtu/yr x #units

3.1.3  Annual EU of Baggage Handling Systems: 

EUbaggage handling-total = {(EUbaggage handling-active x TIMactive x 365) 
     + (EUbaggage handling-standby x TIMstandby x 365)} 

         x #units x 3.412 

Where: 

EUbaggage handling-total = Annual electricity use of all units in the ATB (kBtu/yr), 
EUbaggage handling-active = Power Draw per Unit in mode; active (kW), 
TIMactive = Time in mode; active (hr/day), 
EUbaggage handling-standby = Power Draw per Unit in mode; standby (kW), 
TIMstandby = Time in mode; standby (hr/day), 
#units = Number of Units in Airport Terminal Building. 
1 kWh = 3.412 kBtu 
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Using an example from Harrisburg International Airport (MDT) for Power Draw per unit:  
EUbaggage handling-active = 1.5 hp = 1.119 kW 
EUbaggage handling-standby = 0 W  
 
EUbaggage handling-total = {(1.119 kW x TIMactive x 365)  

        + (0 kW x TIMstandby x 365)} 
        x #units x 3.412  

 
Using an example case of Harrisburg International Airport (MDT) for Annual Unit Usage:  
 

TIMactive = 16 hr/day 
TIMstandby = 8 hr/day 

 
EUbaggage handling-total = {(1.119 kW x 16 hr/day x 365 day/yr)  

        + (0 kW x 8 hr/day x 365 day/yr)}  
        x #units x 3.412  

EUbaggage handling-total = 6,532.333 kWh/yr x #units x 3.412 kBtu/kWh 
EUbaggage handling-total = 22,288 kBtu/yr x #units 
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3.2  Annual EU of Elevators 

Figure 7 illustrates the process of calculating the total annual energy use for elevators (TIAX, 2006). 

 

Figure 7. Calculating Total Annual Energy Use for Elevators in ATB 
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The annual Energy Use (EU) of elevators is calculated using (TIAX 2006): 
 
EUelevator-total = {(EUelevator-active x TIMactive x 365) + (EUelevator-ready x TIMready x 365)  

+ (EUelevator-standby x TIMstandby x 365)} x #units x 3.412  
 

Where: 
 
EUelevator-total = Annual electrical energy use of all elevators in the ATB (kBtu/yr), 
EUelevator-active = Power Draw per Unit in mode; active (kW), 
TIMactive = Time in mode; active (hr/day), 
EUelevator-ready = Power Draw per Unit in mode; ready (kW), 
TIMready = Time in mode; ready (hr/day), 
EUelevator-standby = Power Draw per Unit in mode; standby (kW), 
TIMstandby = Time in mode; standby (hr/day), 
#units = Number of elevator Units in Airport Terminal Building. 
1 kWh = 3.412 kBtu 
 

In TIAX 2006, pg. 28, the Commercial Loads – Elevators – Key Assumptions are:  
 

       Table 4. Commercial Loads, Elevators – Key Assumptions 

 
 

Assuming standard Power Draw per unit (TIAX 2006, pg. 28, Commercial Loads – Elevators – Key 
Assumptions):  

 
EUelevator-active = 10 kW 
EUelevator-ready = 0.5 kW 
EUelevator-standby = 0.25 kW 
 
EUelevator = {(10 kW x TIMactive x 365) + (0.5 kW x TIMready x 365)  

+ (0.25 kW x TIMstandby x 365)} x #units x 3.412 
 

Assuming standard Annual Unit Usage (TIAX 2006, pg. 28, Commercial Loads – Elevators – Key 
Assumptions): 

 
TIMactive = 300 hr/yr / 365 = 0.82 hr/day 
TIMready = 8,460 hr/yr / 365 = 23.18 hr/day 
TIMstandby = 0 hr/day 
 
EUelevator-total = {(10 kW x 0.82 hr/day x 365 day/yr) + (0.5 kW x 23.18 hr/day x 365 day/yr) + 
(0.25 kW x 0 hr/day x 365 day/yr)} x #units x 3.412 kBtu/kWh 
EUelevator-total = 7,223 kWh/yr x #units x 3.412  
EUelevator-total = 24,646 kBtu/yr x #units 
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3.3 Annual EU of Alternative Systems (Ground Power and PCA) 

Figure 8 illustrates the process of calculating the total annual energy use of Alternative Systems, 
including Ground Power and PCA Power (Environmental Science Associates 2012). Following our site 
visits and further research, the Time In Mode (TIM) for both the gate-in mode and the gate-out mode were set 
to 30 minutes. Due to the lack of a definitive study of US airlines, the TIM for all aircraft types are assumed to 
be the same. However, to refine this, the survey form allows new users from airports to input more accurate 
TIM per aircraft type according to their knowledge for better predictions. If no new information is provided, 
the calculation will use the default value of 30 minutes for gate-in and for gate-out modes, which means 60 
minutes for a full Landing/Takeoff  (LTO) cycle, regardless of the aircraft type. 

Source: Tables from ACRP Report 64 (Environmental Sciences Associates 2012) 

Figure 8. Calculating Total Annual Energy Use of Alternative Systems in ATB 
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The annual Energy Use (EU) of Alternative Systems is calculated using (Environmental Science 
Associates 2012): 
 

3 5 5 5

1 1 1 1
% % %Alternative systems-total Cold Conditions Neutral Conditions Hot ConditionsEU EU x25 EU x50 EU x25 x fi

i j j j= = = =

 
= + + 

 
∑ ∑ ∑ ∑

 
Where: 
 
EUAlternative systems-total = Annual electrical energy use of all Alternative System units in the ATB 

(kBtu/yr), 
EUCold Conditions      = EUground power + EUheating,  
EUNeutral Conditions   = EUground power, 
EUHot Conditions        = EUground power + EUcooling , 
i = 1,2,3, representing three alternative system types, including POU system, Central system, and 

Central system with Airport Boilers, 
j = 1,2,3,4,5, representing up to five aircraft types, including narrow body, wide body, jumbo-wide 

body, regional jet, and turbo prop, 
fi = Percentage of gates using this system to deliver ground power, heating and cooling. 

 
Then, the EUAlternative systems-total expression can be simplified as: 

 
3 5 5 5

1 1 1 1
% %Alternative systems-total ground power heating coolingEU EU EU x25 EU x25 x fi

i j j j= = = =

 
= + + 

 
∑ ∑ ∑ ∑

 
Where: 

 
EUground power  = EP x (TIM/60) x LTOcycles/yr x 3.412 

 
Where: 

 
EUground power  = Annual electricity used by the alternative systems (kBtu/yr), 
EP = Electric power (kW); values from ACRP Report 64, Tables 8, 9, or 10 (below), 
TIM = Time in mode (min/LTO); values from ACRP Report 64, Table 3 (below), 
LTOcycles/yr = Number of Landing and Takeoff cycles per year (Number of cycles/yr). 

 
EUheating  = (HP x3.412+HR) x (TIM/60) x LTOcycles/yr  
 

Where: 
 
EUheating  = Annual heating energy used by the alternative systems (kBtu/yr), 
HP = Heating power (kW); values from ACRP Report 64, Tables 8, 9, or 10 (below), 
HR=Heating rate (Btu/hr) for natural gas; if any, values from ACRP Report 64, Table 10 

(below), 
TIM = Time in mode (min/LTO), 
LTOcycles/yr = Number of Landing and Takeoff cycles per year (Number of cycles/yr). 

 
EUcooling  =  CP x (TIM/60) x LTOcycles/yr x3.412 
 

Where: 
 
EUcooling  = Annual cooling energy use of the alternative systems (kBtu/yr), 
CP = Cooling Power (kW), 
TIM = Time in mode (min/LTO), 
LTOcycles/yr = Number of landing and takeoff cycles per year (Number of cycles/yr). 
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The above calculations use the following Tables (Environmental Science Associates 2012):  

  

 

 

 

 
Figure 9. Source: Environmental Sciences Associates. ACRP Report 64: Handbook for Evaluating 

Emissions and Costs of APUs and Alternative Systems. Tables 3, 8, 9, 10 
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3.4  Annual EU of Ground Support Equipment (GSE) 

The annual Energy Use (EU) of Alternative Systems is calculated using: 

 
1

) .Ground Support Equipment active Standby standbyEU (GSx TIM EU x TIM  x 365 x3 412
N

k=
= +∑

Where: 

EUGround Support Equipment   = Annual energy use of the ground support equipment (kBtu/yr), 
GS = Ground Support power (kW), 
TIMactive = Time in mode, active (hr/day), 
EUStandby = Electric power in standby mode (kW), 
TIMstandby= Time in mode, standby (hr/day), 
k=1,2,…,N, representing N types of ground support equipment. 

3.5  Annual EU of External Lighting and Parking Lighting 

The total annual Energy Use (EU) of Exterior Lighting is calculated using: 

EUexterior lighting = EUexposed lighting + EUcovered lighting

Where:  

EUexposed lighting (kBtu) = (LPD/1000) x A (ft2) x 12 (hr/day) x 365 (day/yr) x 3.412 (kBtu/kWh) 

EUcovered lighting (kBtu) = (LPD/1000) x A (ft2) x 24 (hr/day)  x 365 (day/yr) x3.412(kBtu/kWh) 

Where: 

LPD = Lighting Power Density (W/ft2), 
A= Area illuminated (ft2). 

4. Estimation of ATB’s Measured Annual EU based on Utility Information
The utility bills are used to calculate the (measured) Energy Use (EU) of an individual Airport Terminal
Building (ATB). The utility bills usually consist of electricity consumption (kWh) and gas consumption (MCF
or therms) data. The utility bills should include all of the energy consumption of an ATB, such as lighting,
equipment, heating, and cooling. The total EU is then estimated by:

EUTotal = EUATB Electricity +EUATB Natural Gas

Where 
EUATB Electricity, is the EU that corresponds to the total electricity use in the ATB,  
EUATB Natural Gas, is the EU that corresponds to the total natural gas use in the ATB 

However, there are certain cases where the utility information includes the heating and cooling energy 
consumption (i.e., chilled water and heating hot water). This often occurs at a large airport, when a thermal 
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plant provides Chilled Water (CHW) and Heating Hot Water (HHW) for cooling and heating to multiple ATBs 
that are metered. In these cases, the total EUI for an ATB becomes:  
 
EUTotal = EUCHW + EUHHW + EUATB Electricity-non CHW +EUATB Natural Gas-non HHW  
 
 Where  
  EUCHW, is the EU that corresponds to the chilled water use in the ATB,  

EUHHW, is the EU that corresponds to the heating hot water use in the ATB,   
EUATB Electricity-non CHW, is the EU that corresponds to the electricity use in the ATB for lighting and 
equipment, 
EUATB Natural Gas-non HHW, is the EU that corresponds to the natural gas use in the ATB that is not for 
heating. 

 
For these cases, it is necessary to adjust the heating and cooling energy portion of the utility information in 
order to estimate the electricity or natural gas that would be required to generate the CHW and HHW. To 
accomplish this, the recommended thermal plant efficiencies are 1.0 kW/ton for the CHW production 
(Ostendorp 2010), and 80% for the HHW generation (Durkin 2006). In such cases the metered CHW and HHW 
consumption data are adjusted by the above factors to calculate the ATB’s EUI. The equations to calculate the 
corresponding Energy Use (EU) for CHW and HHW are as follows. 

 
EUCHW (kBtu/yr) = 3.412 (kBtu/kWh) x CHW (kBtu/yr) x 1.0 (kW/ton) x 1 (ton) / 12 (kBtu/h)  

 
EUHHW (kBtu/yr) = HHW (kBtu/yr) / 80 (%) 
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5.  The Complete ATB Annual EU/EUI Table 
Table 5 summarizes the results of the various estimations that together combine the baseline of the total annual 
EU and EUI for the ATB building. As described in section 1. Overview of the Data Collection and Analysis 
Process, the total annual EU estimations include: the calculations of the EU per ATB Zone, which are rooted in 
square footage parameters of each Zone and the CBECS EUI values associated with each type of Zone (see 
subsection 2.3 Final Annual EUI per ATB Zone); and the estimations of the annual EU per ATB system, which 
are based on individual parameters of each system and its particular annual EU estimation method (see section 
3. Annual EU Calculation per ATB System). The separate line below the table includes the estimated measured 
ATB annul EU, which is based on the ATB utility information provided by the airport (see section 4. Estimation 
of ATB’s Measured Annual EU based on Utility Information). All individual EU values as well as the two 
subtotals and the two total EUs are then converted to EUI values by dividing them by the total square footage of 
the ATB.     
 
 

Table 5. The Complete ATB Annual EU/EUI Table 
 

Terminal Gross Area (sq.ft.):  

  

Airport Terminal Building (ATB)  
Zones / Systems 

EUI per Zone  
(kBtu/sqft-yr)   

Floor Area  
(sqft) 

EU 
(kBtu/yr) 

Total EUI 
(kBtu/sqft-yr) 

A
T

B
 Z

on
es

 

1 Concession - Food 258.3    
2 Concession - Retail 73.9    
3 Office 92.9    
4 Transient Space 93.9    
5 Ticketing Check-In 93.9    
6 Departures Hold Room 93.9    
7 Departure/Border Security 115.8    
8 Outbound/Inbound Baggage Handling 93.9    
9 Arrivals/Baggage Claim 93.9    

10 Service (Mech/Elec/Server) 164.4    
   Subtotal for all ATB Zones   

A
T

B
 S

ys
te

m
s 11 People Movers, Escalators, Elevators    

12 Baggage Handling Systems   
13 Alternative Systems (Ground Power and PCA)   
14 Airport Ground Support Equipment (GSE) Charging Systems   
15 External Lighting, Parking Lighting   

   Subtotal for all ATB Systems   

     Total for ATB Zones and Systems   

              

     Total for ATB based on Utility Bills    
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6. Input Form  
The following pages present the final Input Form used for the collection of data from participating ATBs, on 
which the EUI benchmarking analysis is based. This form is being converted into a dynamic .pdf format, to be 
used in the prototype online system. 
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7. Site Visits  
The study included walk-throughs of the participating ATB facilities. This section describes the ideas behind 
the site visits and their contribution to this study. 

7.1.  Purpose  

The walk-throughs were originally aimed at: (1) completing and verifying information collected on the 
ATB systems and zones that are required for the EU/EUI Table benchmarking analysis, (2) 
characterizing the building space utilization, building loads and occupancy, (3) developing baselines for 
indoor air quality, and (4) collecting configuration, nameplate and operational data on the installed 
lighting and mechanical equipment.  
 
In reality, the site visits resulted in collecting missing information required for the EU/EUI Table 
benchmarking analysis and completing all fields of the Input Form, as well as confirming and further 
adjusting the Input Form to be more user friendly (please see the final Input Form in Section 5). 
Moreover, additional observations on each participating ATB were made while conducting the site visits, 
and general recommendations were developed on how to achieve greater energy efficiency, and better 
manage the energy consumption at an ATB. 

7.2.  Technical Resources  

The whole-system engineering approach, which was followed at the ATBs walk-throughs, is based on 
the following technical resources: 

 

Liu et al. 2002. The elements of Continuous Commissioning® assessment, under the Continuous 
Commissioning® (CC®) process, developed and trademarked by the ESL. The CC® process in its entirety 
focuses on the optimization of public, commercial, and institutional building operations, and has been 
implemented and achieved significant utility cost savings in hundreds of buildings around the world in 
various climates.  

6.2.2.  ASHRAE 2002. ASHRAE Guideline 14. This guideline provides methods for reliably measuring 
the energy and demand savings due to building energy management projects. 

6.2.3.  Lau et al. 2010. ACRP Synthesis of Airport Practice 21: Airport Energy Efficiency and Cost 
Reduction. The report documents low cost / short payback energy efficiency improvements 
implemented at 20 airports across the U.S. by means of a survey, interviews, and a literature 
review. The report identifies diverse strategies and relative costs to achieve energy efficiency at 
airports. 

7.3.  Visited ATBs  

The original work plan included visiting seven of the ten participating ATBs. However, during the initial 
site visits the team found that the site visits were helpful in completing the required information for the 
EU/EUI analysis, particularly on the ATB mechanical systems, GSE and alternative systems (ground 
power and PCA). Therefore, the team expanded the plan to all participating ATBs, and at the end were 
able to visit nine of the ten ATBs. Seven of the site visits took a one- to two-full-day session, in which 
our research engineers met with the ATBs various systems operators or contractors, toured the facilities, 
verified equipment, and made additional observations. 
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Table 6. Site Visits Schedule of Participating ATBs 
 

No. Airport Size Climate Zone 

W
ar

m
er

 

1 L 2 

2 M 2 

3 Nonhub 2 

M
od

er
at

e 

4 L 3 

5 L 3 

6 L 4 

7 M 4 

8 S 5 

C
ol

de
r 9 L 6 

10 S 6 
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