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Abstract 

Fort Leonard Wood, MO, has two separate Utility Monitoring and Control 
Systems (UMCSs) that remotely monitor and supervise hundreds of build-
ing control systems. The garrison is currently considering whether it 
would best to merge the two existing systems into a single, integrated 
UMCS. However, coordinating the operation of these separate systems is a 
significant issue that will affect the garrison’s decision on how to move for-
ward. This work reviewed and analyzed the installation’s building automa-
tion technology, related industry standards, utility metering requirements, 
and market trends, and made specific recommendations to outline a path 
forward to configure a single installation-wide UMCS with a front-end that 
provides DPW access to perform supervisory monitoring and control func-
tions including access to utility metering data. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

Fort Leonard Wood, MO, has two separate Utility Monitoring and Control 
Systems (UMCSs) that remotely (from on-installation locations) monitor 
and supervise hundreds of building control systems (BCSs). The garrison 
is currently considering whether to install a third UMCS dedicated to elec-
trical metering, or to connect all new metering to an existing UMCS. A fur-
ther consideration is whether the garrison would best be served by merg-
ing the two existing systems into a single UMCS, which could then be con-
figured to accommodate utility metering as well, in a single, integrated 
UMCS.  

However, as currently configured, the Fort Leonard Wood UMCS front-
ends operate at different levels of functionality. Coordinating the operation 
of these separate systems is a significant issue that will affect Fort Leonard 
Wood’s decision on how to move forward. This work was undertaken to re-
view and analyze the installation’s building automation technology, related 
industry standards, utility metering requirements, and market trends, and 
to recommend a path forward that provides a single installation-wide 
UMCS with a front-end that provides DPW access to perform supervisory 
monitoring and control functions including access to utility metering data. 
To that end, this work recommends that Fort Leonard Wood: 

1. Select a single UMCS with which to move forward. This work recommends 
the Honeywell UMCS as the best choice. The existing Government UMCS 
components should be combined into the Honeywell UMCS, where desira-
ble and applicable; otherwise, the Government UMCS should be allowed 
to live out its useful life as is, while new BCSs are added to the Honeywell 
UMCS. 

2. Continue to specify and procure BCSs in the same competitive procure-
ment manner as done historically, but using the updated Unified Facility 
Guide Specifications (UFGS) tailored to Fort Leonard Wood as part of this 
project, i.e., UFGS 23 09 00, UFGS 23 09 13, and UFGS 23 09 23.01. Use 
UFGS 23 09 93 (HVAC Control Sequences) as specifiers deem appropri-
ate. 

3. Integrate future, and (where applicable) existing BCSs into the existing 
Honeywell UMCS using the updated UMCS UFGS 25 10 10 tailored to Fort 
Leonard Wood as part of this project. 

4. Identify a procurement mechanism to use UFGS 25 10 10 for BCS integra-
tion. This can be challenging because it may require providing “sole 
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source” to Honeywell if the scope of the project is limited to integrating the 
systems. Where a project, such as Military Construction (MILCON), in-
cludes the integration of a BCS and UMCS, the BCS, UFGSs, and UMCS 
UFGS can be used together and bidders will need to engage with Honey-
well to accomplish the integration portion of the project. A non-sole-
source path could be taken to continue to expand the Government UMCS, 
which has the disadvantages described in this report. 

5. Consolidate utility metering under a single umbrella by making all future 
metering part of the selected/adopted UMCS. It is not recommended to 
use a separate UMCS dedicated solely to metering (i.e., do not use an En-
terprise Energy Data Reporting Systems [EEDRS] server dedicated to me-
tering). Huntsville should use the Honeywell UMCS to pass metering data 
to the Meter Data Management System (MDMS). 

6. Specify and install all future metering using the requirements defined in 
UFGS 23 09 13, which were updated and tailored to Fort Leonard Wood as 
part of this project. 

7. Continue to urge Honeywell and the Fort Leonard Wood Network Enter-
prise Center (NEC) to obtain full UMCS connectivity and to provide the 
Fort Leonard Wood DPW with a user interface (i.e., Enterprise Buildings 
Integrator (EBI)/Honeywell Energy Manager [HEM] as described herein). 

8. Consider the garrison’s ability and means to staff and support a UMCS, 
both over the near term, and also with the eventual government ownership 
of the Honeywell UMCS when the Energy Savings Performance Contract 
(ESPC) period expires in October 2025. 

9. Address staffing shortages, in particular recently eliminated DPW UMCS 
Manager position, which is critically needed to ensure the success of this 
project, and which should be reinstated. 

10. Prepare for possible future transition (from LonWorks, currently used at 
Fort Leonard Wood) to a different industry-standard communications 
protocol such as BACnet. Adopting the Honeywell UMCS or any of the 
other UMCS options presented in this report will allow Fort Leonard 
Wood to support BACnet or LonWorks. 
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1 Introduction 

1.1 Background 

Fort Leonard Wood, MO has a great deal of building control system (BCS) 
infrastructure with microprocessor based direct digital control (DDC) 
hardware and supporting communications networks. Fort Leonard Wood 
also has two separate UMCSs, which are used to remotely (from on-instal-
lation locations) monitor and supervise hundreds of BCSs. Although the 
UMCSs have evolved over the years, both are based on industry-standard 
LonWorks© open-communications protocol technology, and to date, both 
have served their purposes well. Their sophisticated modern control func-
tions help the garrison to readily access, monitor, and supervise a multi-
tude of subsystems to both save energy and meet the installation’s opera-
tional needs. 

The garrison is currently considering whether to install a third UMCS ded-
icated to utility metering, or to connect all new metering to an existing 
UMCS. A further consideration is whether the garrison would best be 
served by merging the two existing systems into a single UMCS, which 
could then be configured to accommodate utility metering as well, in a sin-
gle, integrated UMCS.  

However, as currently configured, the Fort Leonard Wood UMCS front-
ends operate at different levels of functionality. Coordinating the opera-
tion of these separate systems is a significant issue that will affect Fort 
Leonard Wood’s decision on how to move forward. This work was under-
taken to review and analyze the installation’s building automation technol-
ogy, related industry standards, utility metering requirements, and market 
trends, and to recommend a path forward that provides a single installa-
tion-wide UMCS with a front-end that provides DPW access to perform 
supervisory monitoring and control functions including access to utility 
metering data.  

1.2 Objectives 

The overall objective of this work was to review and analyze Fort Leonard 
Wood’s building automation technology, related industry standards, utility 
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metering requirements, and market trends, and to recommend a path for-
ward that provides a single installation-wide UMCS with a front-end that 
provides DPW access to perform supervisory monitoring and control func-
tions including access to utility metering data. Achieving this broad objec-
tive will require an update of the garrison’s long-term vision, plans, and 
specifications.  

Specific objectives of this work were to outline a path forward that pro-
vides a single installation-wide UMCS that : 

• includes a front-end that gives DPW access to perform supervisory moni-
toring and control functions including access to utility metering data 

• supports the DPW and U.S. Army Corps of Engineers (USACE) Dis-
trict’s ongoing philosophy of using open/non-proprietary BCS technol-
ogies with minimal (or no) sole source procurement 

• maintains compatibility with existing infrastructure (as much so as pos-
sible), mainly including LonWorks communications protocol technology 

• maintains compatibility with DoD UFGS criteria 
• supports other, future anticipated technologies such as utility meter-

ing, lighting controls, and possible future use of BACnet communica-
tion protocol technology 

• accommodates a simplified support structure (to minimize additional bur-
dens on Contracting, Staffing/Operations and Maintenance [O&M], etc.). 

1.3 Approach 

The objectives of this work were completed through the following steps: 

1. Site surveys and interviews were conducted to review and analyze the in-
stallation’s building automation technology and operation. 

2. DPW and USACE NWK Specifications and standards were reviewed and 
analyzed. 

3. Existing industry and USACE building automation system standards and 
specifications were reviewed and analyzed. 

4. Draft (preliminary) findings were compiled and presented at Integrated 
Strategic and Sustainability Plan (ISSP) Quarterly Meetings, through con-
ference calls, and via Dr. Checks. 

5. Conclusions were drawn and recommendations made regarding the opti-
mal path forward to achieve a single installation-wide UMCS at Fort Leon-
ard Wood. 
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1.4 Scope 

This project focused specifically on the DPW’s awareness of advances in 
technology, on a review of the current technology, and on the creation of a 
plan and updated BCS and UMCS specifications at Fort Leonard Wood, 
MO. Nevertheless, similar analyses could be replicated at other sites by 
considering the unique aspects of each installation’s BCSs and UMCSs, 
and by modifying specific lines of inquiry, surveys, and interviews to suit 
their unique aspects. 

1.5 Mode of technology transfer 

This results of this work will be delivered directly to the Fort Leonard 
Wood DPW. 
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2 Overview: The Challenge 

Although the Fort Leonard Wood BCS/UMCS infrastructure has served 
the garrison well, it has some limitations and has evolved to a point where 
some long-term planning is needed. The primary factors necessitating a 
plan are that: 

1. Fort Leonard Wood has two large, but separate, UMCSs (the “Govern-
ment” UMCS and the “Honeywell” UMCS). Consideration should be given 
to merging the two in a single, installation-wide UMCS. 
a. The “Government” UMCS consists of approximately 226 buildings 

where building-level control systems are procured on a project-by-pro-
ject basis. The winning bid contractor installs the controls along with a 
web server to provide graphics pages serving as an operator interface 
accessible via Universal Resource Locator (URL). Each web server is a 
separate entity, and is not linked to the other (approximately 226) web 
servers. The standalone quality of the system makes it impossible tp 
perform coordinated/global functions from a common interface. Since 
the web server (and its web pages) is provided by the BCS contractor, 
and since different contractors structure their graphics differently, 
these systems have no consistent “look-and-feel” across user interfaces. 

b. The “Honeywell” UMCS consists of approximately 180 buildings (in most 
cases only a small portion of a building, as further described later) and 
was procured under a U.S. Department of Energy (DOE) ESPC. In con-
trast to the Government UMCS, the Honeywell UMCS does have a single 
front-end user interface software: “EBI.” EBI provides a single interface 
to multiple buildings and can perform global functions from a single in-
terface across such various BCSs as: equipment on/off and occupancy 
scheduling, management/tracking of alarms, and viewing performance 
(trend) data from multiple buildings on a common screen display. 

2. Evolving technology and new DoD specifications warrant an update to the 
garrison’s BCS specifications including those used by the District to sup-
port the garrison. 

3. Utility metering (gas, electric, water) is an important capability with high 
visibility and interest. Currently, a number of different methods are used 
to read/monitor the various existing meters. There is a need for a single, 
consistent system that can provide a path forward that grants consistent, 
ready access to meter data. 
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3 UMCS – Current 

3.1 UMCS definitions 

A UMCS is a system consisting of one or more BCSs and a front-end super-
visory interface. Each local BCS can perform its primary control functions 
without relying on the UMCS front-end; however, the BCS does rely on the 
front-end to perform supervisory functions. The front-end consists of a 
computer interface, usually remotely located, which provides access 
through an Internet Protocol (IP) network. It uses UMCS Monitoring and 
Control (M&C) software, usually with a browser-based user interface, to 
perform supervisory functions such as: 

• graphic display of connected BCSs 
• on/off scheduling of equipment and occupancy scheduling 
• alarm generation and routing 
• collection and storage of performance data (temperatures, equipment 

status, etc.). 

Fort Leonard Wood has an extensive BCS and UMCS infrastructure based 
on LonWorks© technology, including the use of LonWorks Network Ser-
vices (LNS©). LonWorks© is a technology based on a standard communi-
cations protocol, CEA-709.1, which allows different manufacturers devices 
(controllers, meters, etc.) to reside on the same communications cable and 
communicate using the CEA-709.1 protocol. The protocol extends to 
standard IP-based communications using the CEA-852 protocol. LNS© is a 
“network operating system” that provides a standard for configuration and 
management of a control system. 

There are two basic UMCS systems at Fort Leonard Wood: Government 
and Honeywell. There are other less extensive UMCSs, e.g., a Plexus 
(brand) system, but this work considers only these two principal UMCSs 
for their significant size and generally predominant usage. 

The infrastructure includes hundreds of Echelon (brand) SmartServers* 
(Figure 1), generally one SmartServer per building, to provide connection 

                                                   
* Note that other devices comparable to the Echelon brand Smart Server are commercially available. 

Fort Leonard Wood contractors provide the Echelon brand device for consistency. 
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between the BCS and the IP network. There are two basic SmartServer 
configurations: 

1. As a Router, which serves as a (BCS) control protocol router using the 
CEA-852 protocol to transmit CEA-709.1 data packets over the IP net-
work. This device serves as both a media converter between the building 
control network (BCN) and the IP network, and as control protocol router 
(not an IP router) to filter the data that is passed between the BCN and IP 
network. This is the configuration used in the Honeywell UMCS. 

2. As a Web Server, which serves up web pages that are accessible via URL. 
The webpages display control system graphics. SmartServers used by the 
DPW UMCS are configured as web servers. 

Figure 1.  Smart server. 

 

3.2 Government UMCS 

Figure 2 shows the Government UMCS, which consists of about 226 build-
ings. Each building has a LonWorks BCS based on USACE-developed uni-
fied guide specifications. Use of the USACE guide specifications provides 
procurement competition and results in a multi-vendor open protocol sys-
tem. The BCS in the 226 buildings is used almost exclusively for HVAC 
control, and for utility metering, but it is presently not used for lighting 
control or other automation. 

Fort Leonard Wood modified the guide specifications to include a require-
ment for a local web server at each building. The desire to require the 
building-specific web server was to procure at least a degree of UMCS 
functionality without actually designating or procuring a complete UMCS 
front-end at the building level.  
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Figure 2.  Government UMCS. 

 

This approach allowed Fort Leonard Wood to procure local building con-
trols with a degree of UMCS functionality, and to defer procurement of a 
front-end end supervisory UMCS. The web pages are initially created by 
the BCS contractor when the BCS is installed. The building-level 
SmartServers are accessed via URL using a basic/Off the Shelf (OTS) 
browser. The building automation systems (BAS)/UMCS manager has a 
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spreadsheet that contains the URL to each of the (226) buildings for ready 
access to each buildings webpage(s). 

The Government UMCS includes a number of LonWorks LNS© databases, 
two for each of four geographic areas. Subdividing the databases helps 
Fort Leonard Wood manage the databases; the separate databases allow 
multiple contractors to work on the system with a reduced chance that 
more than one contractor will need access to the same database at the 
same time. 

The Government UMCS is not really a single complete UMCS because 
there is no single coordinated M&C front-end interface. Instead, each 
building is essentially its own “single building UMCS” that functions as a 
standalone system; monitoring is done building-by-building via the 
SmartServer web page(s). As such, the Government UMCS cannot perform 
global functions. Instead supervisory functions, such as equipment sched-
uling must be done by accessing each web server individually.  

The UMCS also cannot manage/log/track alarms from a single interface. 
For example, while each web server can issue alarms, the email address to 
which it sends alarms must be set in in each web server individually. By 
contrast, if a common interface were available, the email address could be 
created (or changed) in a single location instead of 200+ times at each of 
200+ web servers. Similarly, trend data from two or more different build-
ings (SmartServers) cannot be readily logged/graphed together. In a con-
solidated interface, this task could be done by transferring the data to a 
spreadsheet such as Excel®. As currently configured, Fort Leonard Wood 
cannot, for example, view all of its buildings meter kWh (at the same time) 
or perform any HVAC operation; each building’s data and interface must 
be accessed separately. 

3.3 Honeywell UMCS 

Figure 3 shows the Honeywell UMCS, which consists of about 180 build-
ings. In this UMCS, each building has a LonWorks BCS although, in some 
cases, the BCS does not include the entire building. (This is described fur-
ther below.) Each BCS was installed as part of an ESPC contract. In gen-
eral, the BCS consists of almost exclusively HVAC controls, although ap-
proximately 20 buildings also have Honeywell brand EMON/DMON elec-
tric and gas meters integrated into the BCS. 
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Figure 3.  Honeywell UMCS. 

 

The electric meters connect to the TP/FT-10* LonWorks network while the 
gas meters are picked up by Distech brand controllers that monitor gas 
meter pulse output signals. The Distech controllers are on the TP/FT-10 
network. 

                                                   
* Twisted-Pair/Free Topology (TP/FT) 
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There are several ESPC scopes/contracts for the 180 buildings: 

• Scope 1 (106 Buildings): Provide digital controls to enable and disable 
Air Handling Unit (AHU) supply and return fans, if present, based on 
occupancy schedules and optimum start/stop software. Push-button 
override is provided. 

• Scope 2 (51 Buildings): Install a 7-day optimum start/stop programma-
ble communicating thermostat with protected schedule and push-but-
ton occupant override. 

• Scope “Pneu/DDC” (23 Buildings): Convert pneumatic (pneu) control 
system to LonWorks DDC hardware. 

• The Honeywell UMCS meets the requirements of DoD Utility Monitor-
ing Control System UFGS 25 10 10. It uses LNS©-based LonWorks and 
the front-end includes EBI and HEM software. Figures 4 to 8 show 
some example Honeywell EBI screens. 

The system has an Authorization to Operate (ATO) that expires in 2016, 
but the NEC is working to have it renewed. 

The system has had Installation Campus Area Network (ICAN) connectiv-
ity issues. The DPW, NEC, ERDC-CERL, and Honeywell worked to ad-
dress the problems. Recent reports from Honeywell indicate progress is 
being made in working with the NEC, but the problems have not been en-
tirely resolved. Appendix B includes a document developed by Honeywell, 
DPW, CERL, and NEC listing Honeywell Cybersecurity support needs. Ad-
ditional information in the Cybersecurity section of this report. 
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Figure 4.  Honeywell EBI opening screen. 

 
(note: clicking “South West” button advances to next screen). 

Figure 5.  Honeywell EBI example screen: “SouthWest” area. 
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Figure 6.  Honeywell EBI example screen: “Building 5074” (Typical clickable radio buttons). 

 

Figure 7.  Honeywell EBI “Building 5074” (Typical clickable radio buttons). 
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Figure 8.  Honeywell EBI “Building 5074” (Typical AHU). 
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4 Utility Metering - Current 

Fort Leonard Wood currently has approximately 1,000 total utility meters. 
(Note that all meter counts in this report are approximate). Data are col-
lected using five different methods as described in Figure 9. Table 1 lists a 
breakdown of meter type and ownership, based on available information. 

Figure 9.  Current metering systems. 

 

Table 1.  Meter type and ownership. 

Type 

Electric  Gas Water 

Networked Total Manual Total Networked Total Manual Networked Standard 

Count 224 18 242 500 44 544 158 11 169 32 0 12 

Ownership Laclede* Honeywell  Laclede* Gov’t  Omega* Honeywell  Omega*  Gov’t 

*Utility company. 

4.1 Laclede electric meters 

Laclede collects data from approximately 224 networked electric meters. 
Meter data are transmitted via a mesh network on the unlicensed 900 
MHz band via collectors to a tower, from where it is transmitted to La-
clede’s office in Lebanon via fiber. The information is processed from an 
extensible markup language (XML) schema into Laclede’s database called 
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Tantalas. Fort Leonard Wood can log into this system to view and down-
load data as a text file. 

Laclede currently provides all meter data to the MDMS on a monthly basis 
as bulk data files. MDMS transfers the data to the MDMS website as part 
of the Army Metering Program (AMP). 

An alternate means to monitor these meters via LonWorks BCS would be to 
add a pulse output. (The meters currently do not have a pulse output.) A La-
clede representative expressed the opinion that, to get a pulse output from 
these smart meters, the current Advanced Metering Infrastructure (AMI) 
smart module would have to be removed. One problem is that many of these 
meters have been located at least 30 ft from the building, co-located with 
power transmission equipment, to meet force protection requirements. 
Connecting the meter to the BCS would require installing new communica-
tion wiring/cabling underground and routing it to the building. This would 
be both expensive and problematic due to the large number of unmarked 
underground utilities. It would be more practical to install a separate meter 
inside the building. Such a meter could be a LonWorks advanced meter con-
nected to the BCS network, or it could provide a pulse output to a LonWorks 
controller, which in turn is connected to the BCS network. 

4.2 Omega Pipeline gas meters 

Omega collects data from approximately 158 networked gas meters. The 
information is transmitted by a wireless Global System for Mobile Com-
munications/General Packet Radio Service (GSM/GPRS) modem to an 
Omega front-end via an email message that processes the messages into 
Excel® spreadsheet (*.xlsx) files. Fort Leonard Wood receives these 
monthly with hourly cumulative cubic feet readings for each meter. 
(Sometimes several months are combined into a single spreadsheet.) 
These meters also have a pulse output that could be read by the BCS. This 
requires a patch cable for the Omega gas meters to transmit the pulse out-
put to a controller on the BCS, which is how Honeywell reads gas meters. 
With only a few exceptions, all gas meters are located very close to the 
building and the building has an existing BCS. 

4.3 Honeywell electric and gas meters 

The Honeywell control systems monitor approximately 11 gas and 18 elec-
tric meters via the LonWorks BCS connected to the Honeywell EBI UMCS 
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front-end. These meters are part of an ESPC project to verify energy sav-
ings for the ESPC measurement and verification requirement. 

4.4 Manual electric meters 

Approximately 300-500 electric meters are not networked. The meters are 
read manually with the readings keyed into an access database. 

Electric meters that are currently read manually would require the addi-
tion of pulse output to the existing meter, or the installation of a new me-
ter with either a pulse output or a LonWorks interface. Meters with pulse 
outputs will require connection to a controller to obtain data using the 
BCS network. Once meter data are available via the BCS, the meter can be 
integrated into the UMCS front-end. 
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5 Path Forward 

The proposed path forward is to work to achieve a desired “end state,” 
which includes a single installation-wide UMCS capable of performing su-
pervisory M&C of all BCSs at Fort Leonard Wood. This end state is in 
keeping with the requirements of National Defense Authorization Act 
(NDAA) 2010 and 10 U.S. Code (USC) 2867,* and will facilitate cybersecu-
rity as well as system operation. 

This work has identified three options to achieve this end state, the pri-
mary focus of which is determine “what to do” with the two existing UMCS 
systems, whether to incorporate them into the new system, to replace 
them, or simply keep them “as is.” The success of the selected option will 
be determined by its ability to function as the single system of the future, 
to accommodate subsequent growth, and to sustain the UMCS over time. 
Therefore, the following discussions of the various options also include 
consideration of contracting, staffing, and training. 

5.1 Technology considerations 

An overarching consideration is the future of the existing UMCS and BCS 
infrastructure at Fort Leonard Wood, which makes extensively use of Lon-
Works technology. The installation infrastructure has a large installed base 
of LonWorks controls and the staff has substantial experience and exper-
tise with LonWorks. Nevertheless, LonWorks is one of two communica-
tions protocol technologies predominantly used in the HVAC industry, 
along with BACnet. Although LonWorks is expected to continue to be 
available and supportable for many years, BACnet seems to have more 
product development momentum.  

Any proposed option must weigh the cost of changing to a new protocol 
(BACnet) against the risk that the old protocol (LonWorks) will not be 
supported by the industry at some time in the future. Fortunately, most 
UMCS M&C software that supports LonWorks, including the existing 
Honeywell EBI UMCS, also supports BACnet. This fact makes it relatively 
straightforward to pursue a “middle course,” to continue with LonWorks 

                                                   
* 10 USC 2867 is an energy monitoring and utility control system requirement for military construction 

and military family housing activities calling for adoption of Department-wide, Open Protocol, Energy 
Monitoring and Utility Control System Specification. The origin of this is NDAA 2010, which added/in-
cluded this language. See Appendix A to this report.) 
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as long as practical, but to lay some groundwork for transition to BACnet 
in the future should this be required. 

Typical UMCS and BCS functions include HVAC control and utility meter-
ing. Other possible UMCS and BCS interfaces and functions that should be 
considered for implementation include lighting control, irrigation control, 
and advanced control strategies in accordance with American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) Stand-
ards 90.1 and 189.1. Note that a related CERL/Fort Leonard Wood effort 
underway at the installation consists of ASHRAE-defined control schemes 
including retrofit of existing systems to provide for improved controls 
strategies such as: duct static pressure reset (DSPR), single zone variable 
air volume (VAV), low-cost multizone AHU controls conversion to variable 
volume control, and CO2 based demand-controlled ventilation (DCV). 

5.2 UMCS – options overview. 

Three UMCS options are described: 

1. Option 1. (Recommended Approach) Adopt the existing Honeywell 
UMCS as the primary Fort Leonard Wood UMCS and begin the integra-
tion of all new/future BCS into this UMCS. Integrate existing systems that 
are part of the current Government UMCS into the Honeywell UMCS as 
practical to work toward an eventual state of a single installation-wide 
UMCS using the present Honeywell EBI UMCS as the foundation. 

2. Option 2. Procure a new Government UMCS to serve as the single instal-
lation-wide system of the future and integrate all new/future BCS into the 
new Government UMCS. Integrate existing systems that are part of the 
current Government UMCS into the new UMCS as practical, and once the 
ESPC contract expires, begin to integrate the systems that are currently 
part of the Honeywell UMCS into the new Government UMCS. 

3. Option 3. Maintain the status quo. Continue with a separate Honeywell 
UMCS and Government UMCS (consisting of multiple standalone single 
building systems), and determine on a case-by-case basis whether new/fu-
ture BCSs should be integrated into the Honeywell UMCS, or be provided 
with a web server to become part of the Government UMCS. 

Table 2 lists the parameters of each of these three options, side by side, for 
comparison, and Table 3 lists other cost considerations. 
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Table 2.  UMCS options. 

Parameter 

Option 1 
Honeywell UMCS 

(existing) 
Option 2 

New UMCS 

Option 3 
Government UMCS 

(existing) 

Single UMCS Goal Yes Yes – but gradually 
(due to Honeywell 
ESPC) 

No 

Functionality Excellent Excellent Almost acceptable 
Time & Cost    
Cost above 
current cost 

$7500 per bldg. 
integrated. 

$7500 per bldg. 
integrated. 
Plus new UMCS initial 
procurement (~$250k) 

None 

Procurement of this 
option 

Challenging 
(but MDMS is 
promising precedent) 

OK Not Applicable  
(N/A) 

Competitive 
procurement for 
UMCS system 
integration (SI) 

No. Possible. But not likely N/A 

SI procurement 
mechanism 

• Sole Source 
• Huntsville Center, 

Alabama (HNC) 
Indefinite 
Delivery/Indefinite 
Quantity (IDIQ) 
contract 

• ESPC 

• Competitive contract 
• HNC IDIQ contract 
• ESPC 

N/A 

Competitive 
procurement for BCSs 

Yes Yes Yes 

UMCS front-end 
openness 

Honeywell only 
(possibly someone 
else at end of ESPC 
but unlikely) 

Other Contractors 
possible 
(but unlikely) 

N/A 

Contracting 
complexity/challenges 

High 
(but ESPC has been 
beneficial) 

High Low 

Cybersecurity  Has ATO Will need ATO No ATO. Tenant 
system. 
(for now) 

Future/alternate 
technology support 

Good 
(LonWorks & BACnet) 

Good 
(LonWorks & BACnet) 

Good 
(LonWorks & BACnet) 

Utility metering 
support (MDMS) 

Very Good 
(Need HEM on DPW 
computers) 

Good, but waning Not possible 
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Parameter 

Option 1 
Honeywell UMCS 

(existing) 
Option 2 

New UMCS 

Option 3 
Government UMCS 

(existing) 
Staffing/Technical 
Support 
(UMCS) 

Structure Exists. SI 
expertise exists with 
Honeywell.  

Big challenge 
(Fort Leonard Wood 
UMCS Manager 
position recently 
eliminated). SI 
expertise not likely in 
DPW.  

Big challenge 
(Fort Leonard Wood 
UMCS Manager 
position recently 
eliminated). SI 
expertise not 
needed.  

Staffing/Technical 
Support 
(BCS) 

Same as existing Same as existing Same as existing 

Other Under ESPC contract 
until October 2025 

- - 

Table 3.  UMCS Options – Other cost considerations. 

Parameter 

Option 1 
Honeywell UMCS 

(existing) 
Option 2* 

New UMCS 

Option 3 
Government UMCS 

(existing) 

Optional Cost: 
Integrate existing 
Gov’t UMCS bldgs. 

$1.7M 
(226 Gov’t UMCS 
bldgs.) 

$1.7M 
(226 Gov’t UMCS 
bldgs.) 

N/A 

Optional Cost: 
Integrate existing 
Honeywell UMCS 
bldgs. 

$0.0 
(180 Honeywell 
bldgs.) 

$0.7M** 
(180 Honeywell 
bldgs.) 

N/A 

Optional Costs TOTAL: $1.7M 
(406 bldgs.) 

$2.4M 
(406 bldgs.) 

N/A 

* Option 2 costs do not include the cost to move Honeywell MDMS metering to New UMCS 
(~$0.250M); the opportunity to add this cost is available should this option be selected. 

**Integration cost is $3,900 per bldg. (compared to $7,500) due to lesser scope per building 
(there are only simple thermostats and basic start/stop interfaces in many buildings) 

In the short-term, this work proposes that Fort Leonard Wood should:  

• continue to work with the two existing UMCS systems 
• continue to work with Huntsville to use the Honeywell UMCS to meet 

the MDMS metering requirement 
• use the UMCS system integration specification (UFGS 25 10 10) that 

has been new tailored to Fort Leonard Wood to integrate BCSs into the 
selected UMCS 

• begin to migrate the individual building systems into the selected fu-
ture UMCS using Fort Leonard Wood-tailored UFGSs (assuming Op-
tion 1 or 2) 
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• use the new DoD UFGS for all new BCS and metering systems (tailored 
to Fort Leonard Wood) including metering specifications added as part 
of this project. 

Sequencing, various details, and a time frame for these proposed actions 
need to be defined. 

5.3 UMCS – Option 1 (recommended) 

5.3.1  Summary 

In Option 1, Fort Leonard Wood would adopt the existing Honeywell 
UMCS as the future single installation-wide UMCS and integrate all fu-
ture, and at least some existing, BCSs into this UMCS. 

5.3.2  Description 

If Option 1 is chosen, Fort Leonard Wood would use the Honeywell EBI 
UMCS as the primary Fort Leonard Wood UMCS. In addition to integrat-
ing all new systems to the UMCS (new construction, renovations, retrofits 
etc.), Fort Leonard Wood should consider merging systems that are part of 
the existing Government UMCS infrastructure (226 buildings) into the 
Honeywell UMCS (currently appx 180 buildings). This could entail a con-
certed integration effort, or an integration of “select” systems while operat-
ing the remaining ones independently until they reach end-of-life and are 
replaced (at which time they would be integrated into the Honeywell 
UMCS). Depending on contracting limitations and inefficiencies, new sys-
tems could either be integrated immediately, or the installation could con-
tinue to procure BCSs with local web servers, as they have historically, and 
operate those systems standalone until a sufficient number are ready to be 
grouped together for integration. 

5.3.3  Considerations 

5.3.3.1  Single UMCS goal and functionality 

The selection of Option 1 would enable Fort Leonard Wood to take a big 
step toward creating a single installation-wide UMCS that would provide 
the benefits of a unified system not currently available with the current 
Government UMCS. Some of those benefits include:  

• a common/single interface for O&M activities 
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• central control of on/off scheduling of equipment from a single inter-
face/graphic display page 

• alarm management/logging/tracking from a single interface/graphic 
page 

• access to trend data from any point/meter from multiple buildings that 
can be readily logged/graphed together 

• potentially, the provision of a common front-end for the existing gov-
ernment BCS systems (approximately 226 buildings) although it may 
be cost prohibitive to integrate all 226 buildings. 

5.3.3.2  Time and cost 

Option 1 provides a faster, lower cost path to a single installation-wide sys-
tem than would Option 2. Option 1 would use existing staff and a defined 
working infrastructure on both the Honeywell and Government side (i.e., 
via the ESPC contract relationship), including NEC information assurance 
(IA) support. The estimated integration cost is $7500 per existing Lon-
Works building. 

5.3.3.3  Procurement of this option 

The Honeywell UMCS is part of an existing ESPC contract that does not 
expire until October 2025. Immediate or near term adoption of the Honey-
well UMCS may be contractually challenging as it would require coordina-
tion with the requirements in the ESPC contract. At best, a modification to 
the ESPC or the addition of another contract to augment the ESPC would 
be required. At worst, mixing ESPC and “normal” buildings may prove to 
be contractually difficult (or even impossible), but Huntsville efforts and 
intent to connect MDMS metering (not part of an ESPC) as part of the 
AMP to the existing Honeywell UMCS suggests that it may be possible to 
mix contracting mechanisms. 

Before proceeding with this option, Fort Leonard Wood would need to de-
termine if it is contractually feasible to adopt the Honeywell UMCS outside 
the current ESPC contract requirements. If a contract mechanism is not 
feasible, the installation may be better served by implementing a new 
UMCS now (Option 2 discussed below), so that the Honeywell UMCS 
could persist “as is” until the ESPC contract expires October 2025, at 
which time the Honeywell UMCS becomes government property and could 
either be integrated into the Option 2 Fort Leonard Wood UMCS, or oper-
ated as a separate system as parts are replaced and integrated into the Fort 
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Leonard Wood UMCS. Caution must be exercised in either case since both 
Option 1 (Honeywell UMCS) and  Option 2 (Fort Leonard Wood UMCS) 
are potentially subject to the same contractual problems. 

5.3.3.4  Competitive procurement/mechanism for UMCS integration 

From a technical standpoint, expanding the existing Honeywell UMCS to 
add new BCS can be fairly straightforward. However, the contracting 
mechanism to achieve this can be difficult. The installation of BCSs can be 
performed by non-Honeywell contractors (via MILCON or in-house con-
tract), but integration into the Honeywell front-end would need to be per-
formed by Honeywell. New BCSs can be procured and installed similarly 
to how they are installed now as “Government UMCSs,” without integra-
tion, after which multiple Government UMCS buildings may be bundled 
up and integrated as a group using a mechanism such as ESPC or Hunts-
ville Indefinite Delivery/Indefinite Quantity (IDIQ) through the Huntsville 
UMCS Mandatory Center of Expertise (MCX). 

The compatibility of the existing LonWorks-based government infrastruc-
ture will allow the existing government BCS infrastructure (approximately 
226 buildings) to be integrated into the Honeywell UMCS. However, it will 
not be a “plug and play” integration. The systems will have to be added to 
the Honeywell front-end database; new graphic displays will have to be 
created; and supervisory functions will have to be configured.  

While some of the operational functions of the UMCS under the ESPC may 
be extended to readily integrate existing buildings to the Honeywell 
UMCS, this may not be true for all buildings and operational functions; 
compatible integration may involve a degree of complexity and cost. The 
cost to integrate all 226 buildings can be significant if not prohibitive — on 
the order of $1.7 million, or approximately $7500/building. (This estimate 
factors in some economy of scale, and might be optimistic.) If Option 1 is 
chosen, Fort Leonard Wood will need to select and prioritize the integra-
tion of buildings now part of the current “Government UMCS” into the 
Honeywell UMCS. 

5.3.3.5  Competitive procurement for BCS 

The installation, renovation, update, or repair of BCSs can be performed 
by contractors on a competitive bid basis. The Honeywell UMCS (EBI) 
supports connectivity to different types of BCSs. It currently uses LNS©-
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based LonWorks and can also support BACnet should the garrison decide 
to use this protocol or to move in this direction in the future. 

5.3.3.6  Cybersecurity 

The Honeywell UMCS has an ATO on the ICAN. This is a significant time 
and cost savings benefit. Unfortunately the UMCS is not currently accessi-
ble over the ICAN. This is discussed more below in paragraph 5.10 Cyber-
security. 

5.3.3.7  Future/alternate technology support 

The existing Honeywell UMCS can support BACnet communications pro-
tocol technology should the garrison decide to use this protocol or move 
this direction in the future. EBI is BTL*-listed as a BACnet Advanced 
Workstation (B-AWS) as called for in UFGS 25 10 10 Guide Specification. 

5.3.3.8  Utility metering support 

The Honeywell UMCS can support the AMP metering requirement and 
pass Fort Leonard Wood meter data to MDMS. The meter data obtained 
locally by the Honeywell UMCS can be processed and analyzed by the 
UMCS HEM software where HEM software data processing capability is 
superior to data remotely accessed from the MDMS website. Using the 
Honeywell UMCS and not an EEDRS server dedicated to only perform me-
tering (as is usually done as part of MDMS metering installations) will re-
sult in one less server to maintain/support. It is therefore preferable to 
connect the meters to the Honeywell UMCS instead of an EEDRS server. 
Fort Leonard Wood should insist that meter data be accessible to the in-
stallation via HEM. Adding subsequent/future MDMS and non-MDMS 
meters can be a challenging task. The need to add meters can be recurring 
and frequent. This can cause a need for frequent contract modifications, 
which may be impractical unless a more elegant contracting solution can 
be identified. 

5.3.3.9  Staffing 

Honeywell currently has a full-time staff member on site as part of an ex-
isting ESPC contract. The contracted staff person is referred to as the 
Technical Resource Manager (TRM). The TRM performs multiple 

                                                   
* BACnet Testing Laboratories 
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roles/duties including UMCS Operator and at least some of UMCS Man-
ager duties. The Honeywell TRM is familiar with the Fort Leonard Wood 
infrastructure, HVAC systems, personnel, policies, and procedures. The 
TRM is a very valuable and needed asset to help support the UMCS since 
Fort Leonard Wood otherwise has little UMCS support due to government 
in-house staffing limitations. Adoption of the Honeywell UMCS can reduce 
the overall Fort Leonard Wood UMCS management workload if the TRM 
absorbs at least some of the UMCS Operator and manager duties per-
formed by the Government UMCS manager. Note that Fort Leonard Wood 
will still need a UMCS Manager to perform duties that only a government 
employee can do. 

5.3.3.10  Technical support 

If the Honeywell UMCS is adopted, Honeywell should provide day-to-day 
operation of the UMCS, and it should also provide DPW Energy Branch 
and Tsay/Ferguson-Williams (TFW)* with access to the EBI and HEM 
graphics/interface. Consideration should be given to the degree of access 
that should be given to DPW and TFW operators, e.g., full edit/override 
capability versus display/read only, particularly with regards to the sys-
tems that Honeywell is responsible for (“owns”) under the ESPC. It may be 
necessary to delineate duties to distinguish responsibilities of Honeywell, 
DPW, and TFW. This may entail modification of the TFW contract. Appen-
dix G includes a list and basic description of duties. 

5.4 UMCS – Option 2 

5.4.1  Summary 

In Option 2, Fort Leonard Wood would procure a new Government UMCS 
to serve as the single installation-wide system of the future and integrate 
all new/future BCS into the new Government UMCS. 

5.4.2  Description 

If Option 2 is chosen, Fort Leonard Wood would procure a new UMCS as 
the primary installation UMCS. As with Option 1 described above, in addi-
tion to integrating all new systems to the UMCS (new construction, reno-
vations, retrofits etc.), Fort Leonard Wood would consider merging sys-
tems that are part of the existing Government UMCS infrastructure (226 

                                                   
* Maintenance services contractor at Fort Leonard Wood, MO. 
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buildings) into the new UMCS. This could entail a concerted integration 
effort, or an integration of “select” systems while operating the remaining 
ones independently until they reach end-of-life and are replaced (at which 
time they would be integrated into the Honeywell UMCS). However, initial 
procurement of the UMCS would likely include the integration of several 
existing facilities to provide for a sufficiently substantial UMCS. 

Depending on contracting limitations and inefficiencies, new systems 
could either be integrated immediately or Fort Leonard Wood could con-
tinue to procure BCSs with local web servers, as they have historically, and 
operate those systems as standalones until a sufficient number are ready 
to be grouped together for integration. (Integration of individual or small 
groups of buildings is likely more practical under Option 2 than Option 1, 
however.) It is recommended that Fort Leonard Wood consider this option 
as an alternative to (the recommended) Option 1 if it is not feasible to 
adopt the Honeywell UMCS. Much of the motivation, time, cost, and effort 
to procure a new UMCS would duplicate the current Honeywell UMCS so 
this option may be less efficient than Option 1. Should a new UMCS be de-
sired, it should be purchased using UFGS 25 10 10 specification and 
should consider two tailoring options: 

1. Tailoring option “LNS©-based LonWorks.” This would be equiva-
lent to the existing Honeywell UMCS. 

2. Tailoring option: “Niagara Framework.” Niagara Framework is a 
set of hardware and software specifications for building and utility control 
licensed to multiple vendors. It is a popular well-packaged technology con-
sisting of front-end (M&C) software, web-based clients, field level control 
hardware, and engineering tools. While the Niagara Framework is not rec-
ognized by any standards body and does not use an open licensing model, 
it is sufficiently well-supported by multiple HVAC vendors to be consid-
ered a de-facto Open Standard. It supports LonWorks, BACnet, and other 
protocols at the BCS level. 

5.4.2.1  Considerations 

5.4.2.1.1  Single UMCS goal and functionality 

This aspect of Option 2 is essentially identical to Option 1. Option 2 can 
absorb the buildings currently connected to the Honeywell UMCS, but not 
until year 2025, which suggests that the path to a single UMCS would be 
slower for Option 2 than for Option 1. 
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5.4.2.1.2  Time and cost 

The primary concern with Option 2 is the new UMCS initial procurement, 
which can be on the order of $250k, including the UMCS front-end pro-
curement costs (time investment and purchase) and IA-related costs, most 
notably for an ATO, which the Option 1 system already has. Much of the 
time, cost, and effort to adopt and support a new (Option 2) UMCS would 
duplicate the current Honeywell UMCS (Option 1), which would require 
government contracting and technical support, oversight, and manage-
ment to continue both the use of the Honeywell ESPC and the similar, but 
separate, support for a new “Option 2” UMCS. 

5.4.2.1.3  Procurement of this option 

A contracting mechanism and funding to procure this new UMCS would 
need to be identified. ESPC is a possibility and Huntsville has UMCS pro-
curement options with their IDIQ contracts. 

5.4.2.1.4  Competitive Procurement for integration (UMCS) 

From a technical standpoint, open protocol requirements make expanding 
the UMCS to add new BCSs fairly straightforward. However, the integra-
tion must be done by the UMCS contractor unless the Government trains a 
Government employee. The “Niagara Framework” tailoring option could 
result in more possibilities for competitively procuring integration; how-
ever, this is generally discouraged it can be problematic in practice to have 
multiple different integrators. Also, the only known Niagara Framework 
contractor in the Fort Leonard Wood area is Honeywell. Niagara may be 
supported by multiple contractors since it is not restricted to using one 
specific support contractor for a given geographic region (as are some 
UMCS and BCS manufacturers). This condition provides leverage for price 
competition and the potential for switching UMCS contractors in the event 
this becomes necessary. 

5.4.2.1.5  Competitive procurement for BCS 

The installation, renovation, update, or repair of BCSs can be performed 
by contractors on a competitive bid basis. Either tailoring option (LNS© 
LonWorks or Niagara Framework) provides for open competition for BCS 
procurement. 
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5.4.2.1.6  Existing systems integration 

The existing Government UMCS/BCS infrastructure (approximately 226 
buildings) can be absorbed into a new UMCS (either LNS© or Niagara) due 
to compatibility of the existing LonWorks-based government infrastruc-
ture, but it would not be plug and play as there would be time and expense 
involved largely in pulling Government UMCS points into the front-end 
database and creating graphic displays. The cost for integrating 226 build-
ings can be significant if not prohibitive, on the order of $1.7 million at an 
approximate cost of $7500 per building. 

The existing Honeywell UMCS would remain a separate system at least 
until the ESPC contract expires (October 2025). At this point, the Honey-
well UMCS becomes government property and Fort Leonard Wood will 
need to identify a way to support the existing Honeywell systems, e.g., by 
integrating these systems into the new UMCS. This suggests that Option 2 
(procuring a new UMCS now) could become problematic in the future, and 
that it may be better to deal with the ownership issue now rather than 
later, i.e., adopt Honeywell now rather than risk not having the resources 
to support/maintain it later. 

5.4.2.1.7  Cybersecurity 

The new UMCS would need an ATO. This is a significant challenge and can 
be very time consuming and expensive. 

5.4.2.1.8  Future/alternate technology support 

An LNS©-based UMCS can typically also accommodate BACnet. The 
UMCS UFGS 25 10 10 can be used to specify either LonWorks or BACnet 
should the garrison decide to use the BACnet protocol or move this direc-
tion later. 

5.4.2.1.9  Utility metering support 

MDMS meters can (technically) be integrated into (or through) a new 
UMCS, but USACE Huntsville Center (HNC) is moving forward (more 
quickly than originally indicated) with installing but the MDMS. Therefore 
meter installation will likely precede purchase of a new UMCS system and 
all future utility meters can (technically) be accommodated. An initial con-
tract (via HNC) to add the FY17 meters seems plausible. Adding subse-
quent/future MDMS and non-MDMS meters can be a challenging task. 
The need to add meters can be recurring and frequent. This can cause a 
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need for frequent contract modifications, which may be impractical unless 
a more elegant contracting solution can be identified. 

5.4.2.1.10  Staffing and technical support 

Staffing a new UMCS could be challenging, especially if it is to be operated 
by the DPW since the Fort Leonard Wood UMCS Manager position was re-
cently eliminated. The Option 2 UMCS procurement might need to include 
requirements for the UMCS contractor to provide day-to-day operation of 
the UMCS while also providing DPW Energy Branch and TFW with access 
to the M&C software graphics/interface. Honeywell already provides sup-
port for their UMCS under the ESPC contract, so Option 2 may result in 
duplicated support by a new contractor. Alternatively, if Honeywell is 
awarded the Option 2 contract, much of the support elements (i.e., Staff-
ing) will already be in place. Consideration should be given to the degree of 
DPW and TFW Operator access to the Option 2 UMCS, such as full 
edit/override capability versus display/read only. Delineation of duties 
might be necessary to distinguish responsibilities of the UMCS contractor, 
DPW, and TFW. This may entail modification of the TFW contract. Appen-
dix G includes a list and basic description of duties. 

5.5 UMCS – Option 3 

5.5.1  Summary  

In Option 3, Fort Leonard Wood would continue “as is” with two systems, 
the Government UMCS and Honeywell UMCS. 

5.5.2  Description 

If Option 3 is chosen, the installation will continue to use and support two 
separate UMCSs, the Honeywell UMCS and the Government UMCS. Note 
that the Government UMCS uses many individual Smart Servers (web 
servers) per building, which does not really constitute a true installation-
wide UMCS. 

Although this is the least expensive and easiest option, Option 3 does not 
provided progress toward creating a single, installation-wide UMCS so it is 
the least desirable option and is not recommended—for several reasons. 

The Government UMCS is operating under the auspices of the NEC while 
the Honeywell UMCS has an ATO. There is some risk in operating under 
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the auspices of NEC as they may impose future requirements (such as in-
sisting on an official ATO for the Government UMCS) resulting in added 
cost and risk of disconnection of the Government UMCS from the NEC 
network until an ATO is achieved. 

Option 3 will require a transition when the Honeywell UMCS ESPC con-
tract expires in October 2025, at which time the Honeywell UMCS be-
comes government property. To prepare of this, Fort Leonard Wood will 
need to either adopt Option 1 in year 2025 or implement staffing (see Sec-
tions 5.3.3.3 and 5.4.2.1.6 and Appendix G), to internally support/staff the 
Honeywell UMCS. 

BCS procurement remains open competition. The expectation is that each 
BCS will be procured similarly to how they are currently procured and the 
Government UMCS will continue to grow. 

The Government UMCS “model” will be the same if/when BACnet systems 
are installed. Similar to the existing LonWorks-based Government UMCS, 
a BACnet BCS can be installed and connected to a web server with remote 
access to each individual BACnet building via URL. 

5.6 Metering 

Fort Leonard Wood will benefit from consolidating their meters to provide 
real-time useful access to metered data. There are two possible strategies 
for consolidating the meters at Fort Leonard Wood: (1) connect the meters 
to an MDMS EEDRS server, or (2) connect the meters to a UMCS, which 
can then transfer data to MDMS. Chapter 4, “Utility Metering - Current” 
discusses options/strategies for using existing metering hardware under 
each meter type. 

The “Fort Leonard Wood advanced metering installation status conference 
call notes,” version 2 (Appendix D) further discusses use of the Honeywell 
UMCS as an MDMS interface. During the writing of this report, new infor-
mation became available suggesting that an EEDRS was in fact going to be 
installed. This resulted in a meeting including conference call participants. 
Before the meeting “Fort Leonard Wood UMCS/Metering Options” (Ap-
pendix E) were presented for consideration. Appendix F includes meeting 
minutes.  
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The primary decision under discussion was whether Fort Leonard Wood 
wishes to pursue a single installation-wide UMCS (metering option ma-
trix), and whether the EEDRS could become this single UMCS. Given that 
the Fort Leonard Wood Honeywell ESPC EBI/HEM system software will 
be upgraded to match the configuration currently being tested for EEDRS, 
the general consensus was that, if the open concerns can be addressed, it 
would make the most sense for Fort Leonard Wood to adopt the ESPC EBI 
system (Option 1) as the single front-end for UMCS and Metering.  

The primary concerns from the Metering side appear to be: (1) the need to 
document an agreement for the system to operate on the Fort Leonard 
Wood ICAN, and (2) the need to address system administration responsi-
bilities for the system. More general concerns to address are: (1) how to 
handle adding meters and building controls to the ESPC contractually, 
(2) how to break down the maintenance responsibilities, and (3) how to 
fund the necessary work to obtain a site ATO for the system. It was also 
decided that MDMS meters should be put on the Honeywell system only if 
UMCS Option 1 is selected. If UMCS Option 2 is selected, Fort Leonard 
Wood should try to convince HNC to wait until Fort Leonard Wood pro-
cures the Option 2 UMCS. 

Metering hardware should be specified/procured such that electric meters 
provide LonWorks communications output to the BCS network. Gas and 
water meters should provide LonWorks or pulse output. (Pulse output is 
the much more commercially available option.) Appendix J includes 
Points Schedules for these electric, gas, and water interface options. The 
gas or water meter pulse output can be connected to a control device that 
accepts pulse; the device then provides a LonWorks communications out-
put to the BCS network. CERL-developed UFGS 23 09 13 includes these 
metering requirements specifically for Fort Leonard Wood. Use of the 
UFGS should be accompanied by corresponding “Points Schedules,” which 
further define the input/output (I/O) including specific data variables to 
be made available to the communications network and thus the UMCS 
(and MDMS). 

5.7 Contracting 

The time, effort, and expertise needed to issue and execute a contract, in 
combination with procurement regulations and restrictions can make con-
tracting in the government procurement environment a challenging task. 
The pertinent restriction in this case is the potential need for sole source 
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procurement for a UMCS, which involves three contract-related support 
actions: 

1. UMCS initial procurement. 
2. UMCS Expansion. Adding new BCSs into the front-end subsequent to the 

initial procurement of the UMCS. 
3. UMCS Maintenance/Support. Providing ongoing operation, maintenance, 

and support for the UMCS. Sufficient in-house support/staffing may not 
be available to adequately support the UMCS (refer to “Staffing”), so con-
tracted support is likely needed. 

5.8 Procurement options 

The initial procurement of a new UMCS or adoption of the Honeywell 
UMCS, along with subsequent UMCS expansion and support will require 
contract actions. The existing Honeywell UMCS was initially procured 
through an ESPC contract that has been expanded through ESPC contract 
modifications. Prior ESPC contracting success at Fort Leonard Wood (and 
Fort Hood, TX) suggests that this approach may successfully continue. An 
ESPC can be used to absorb the approximately 226 “Government UMCS” 
buildings or a subset of these. Adding future BCSs (constructed later) is a 
greater challenge. Ideally, each would be added to the UMCS as the BCS is 
initially installed, but this may not be practical. Due to open competition 
procurement rules, new BCSs are likely to be installed by a contractor other 
than Honeywell. Then, integrating/connecting the BCS to the UMCS will re-
quire a (potentially sole source procurement) contract with Honeywell.  

The possible options for integrating BCSs into the Honeywell UMCS are: 

1. Existing BCS. One option to integrate BCSs into the Honeywell UMCS is 
to use an ESPC to absorb all (approximately) 226 existing government 
BCS into the Honeywell UMCS, or to absorb only a more manageable or 
affordable subset of these. This approach would be consistent with the way 
Fort Leonard Wood currently procures BCSs, in which each MILCON or 
in-house project includes a requirement for a web server (Echelon Smart 
Server) with limited UMCS functionality (mainly web pages as a graphical 
user interface [GUI]) in every building. This Smart Server approach func-
tions as a temporary UMCS while awaiting interface to a real UMCS such 
as the Honeywell. An alternate contracting mechanism to absorb existing 
BCSs into the Honeywell EBI is an IDIQ contract such as HNC’s “UMCS 
IV Unrestricted” contract vehicle, which expires August 2017, but can be 
extended once used. 
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2. New BCS. Similar to option described in Section 5.3.3.4, it would be possi-
ble to let new/future BCSs accumulate, perhaps five or 10 of them, then use 
an ESPC or HNC IDIQ to integrate them. The HNC IDIQ procurement pro-
cess (according to the HNC UMCS Technical Deputy) calls for competitive 
procurement among the multiple contractors (Honeywell, Johnson Con-
trols, Schneider Electric, etc.). To ensure that the new BCSs are all compati-
ble, the installation may need to pursue sole source procurement or care-
fully crafted requirements making it clear to all competitors/bidders the 
need for requisite skills, staff, and capabilities to provide integration into an 
existing UMCS of single manufacturer (i.e., Honeywell). 

3. New BCS acquired by issuing separate contracts (UFGS) for 
each new BCS and for Integration. This method suggests that the in-
tegration contract would need to be a sole source procurement to the cur-
rent UMCS contractor (i.e., Honeywell), or carefully crafted requirements 
making it clear to all competitors/bidders the need for requisite skills, 
staff, and capabilities to provide integration into an existing UMCS of sin-
gle manufacturer (i.e., Honeywell). 

4. New BCS acquired by issuing a single contract (UFGS) for each 
new BCS and integration. This method would likely force the (General) 
contractor to subcontract to Honeywell to accomplish the integration. Re-
quirements (and scope verbiage) for the UMCS system integration would 
need to be developed. Inherent to this approach is that the supplier of the 
current UMCS (i.e., Honeywell) may have a competitive bidding advantage. 

5. New or existing BCS. Fort Leonard Wood could hire and train its own 
in-house System Integrator, either a federal employee, or possibly an indi-
vidual procured via a Services contract. There would some risk involved in 
relying on a single person. However, support provided by a “company” 
would likely have reserve staff to provide services. This approach would 
also not work well with the current ESPC as Honeywell is contractually re-
sponsible for the UMCS. 

5.9 Staffing 

Staffing is a serious concern and Fort Lenard Wood needs to take this into 
account in their decision on how to move forward. Currently staff support 
for the Government UMCS is provided through DPW and TFW contractor. 
The Honeywell UMCS also has staff support provided through the ESPC 
contract with Honeywell. 

The success of a UMCS depends on its proper use, management, mainte-
nance, and growth. Historically, Army installations do not customarily 
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provide this type of support. The maintenance staff within the DPW, who 
are already overburdened with responsibilities, generally have insufficient 
Information Technology (IT) expertise and insufficient controls expertise. 
Often there are no dedicated operators for the system, and no single indi-
vidual at the garrison who is truly responsible for the UMCS (i.e., who has 
the authority or job description to manage the UMCS). The garrison DPW 
(O&M) have traditionally managed to “squeak by” doing what they can 
and leaving much undone. 

As described in the Appendix G and summarized here, there are six “roles” 
that must be filled at the garrison for the UMCS/BCS to succeed. 

1. UMCS Manager: This role manages all aspects of the UMCS. The UMCS 
Manager is the individual at the garrison with the responsibility and au-
thority to make local decisions concerning the UMCS, including planning, 
project prioritization and system operation. At Fort Leonard Wood, the 
Energy Manager provides general guidance and oversight, but this role is 
otherwise filled by Lee Criswell. For the Honeywell UMCS, this role is filled 
by Jabe Moore, the TRM. 

2. UMCS Administrator. This role provides the necessary IT expertise to 
the DPW in support of the UMCS, performs IT management for the 
UMCS, and coordinates UMCS IT issues with NEC. At Fort Leonard 
Wood, this role is filled by Lee Criswell. For the Honeywell UMCS, this role 
is filled by Jabe Moore, the TRM. 

3. Technical Expert. This role provides expertise on the technology related 
to the control system and the implementation of this technology at the gar-
rison. The key responsibilities for this role are the review of project submit-
tals (designs, as-built drawings, etc.) and participation in control system ac-
ceptance. At Fort Leonard Wood, this role is filled by Lee Criswell and 
Roger Smith although Roger has since moved to a different position. Mr. 
Criswell is assisted by the Fort Leonard Wood Design Branch and by NWK. 
For the ,Honeywell UMCS this role is filled by Jabe Moore, the TRM. 

4. System Integrator. This role performs the actual integration of BCSs 
into the UMCS. This service will might be obtained as part of the BCS pro-
ject procurement or by the UMCS Contractor (discussed in Section 5.7, 
“Contracting”) so this role does not necessarily correspond to a position 
that must be filled at the garrison. At Fort Leonard Wood, this role is filled 
by the BCS contractor with oversight from Lee Criswell. For the Honeywell 
UMCS, this role is filled by Jabe Moore, the TRM. 

5. Controls Technician. This role provides control system maintenance ex-
pertise and support to DPW O&M staff. At Fort Leonard Wood, this role is 
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filled by the TFW maintenance contractor with oversight from Lee Criswell. 
For the Honeywell UMCS, this role is filled by Jabe Moore, the TRM. 

6. UMCS Operator. The purpose of this role is to use the UMCS to monitor 
and control the connected BCSs. The UMCS Operator provides remote 
troubleshooting and diagnostic support. The Operator can also adjust 
schedules, set up trending, configure demand limiting, and otherwise take 
advantage of the power and capabilities of the UMCS in support of the gar-
rison. At Fort Leonard Wood, this role is filled by Lee Criswell. For the 
Honeywell UMCS, this role is filled by Jabe Moore, the TRM. 

Each of the above roles does not necessarily correspond to a single full-
time staffed position. In some cases, one individual can fulfill more than 
one role; in other ,cases multiple individuals will be required for each role. 
For example, the UMCS Administrator and Technical Expert may be the 
same individual, but the garrison will likely require more than one System 
Operator. Fort Leonard Wood’s historical commitment to BASs has re-
sulted in an environment for UMCS and BCS success. Critical parts and 
pieces of the necessary roles have been filled even in the absence of suffi-
cient staffing. A byproduct of this commitment to the UMCS is that a high 
level of in-house expertise has dwindled with staff reassignments, even 
though at least some expertise does remain. 

Table 4 lists support staff requirements for the Government UMCS. For 
each role/duty, the table shows annual hours (ann. hrs) and the full-time 
equivalent (FTE) ratio based on an 1800 hour work year. These are rough 
estimates, intended to provide perspective, using an informal spreadsheet 
tool developed by CERL as part of a prior project for the U.S. Army Instal-
lation Management Command (IMCOM).  

Table 4.  Government UMCS support staff estimates (for 226 buildings). 

System Staff (person) 
UMCS Mgmt 

ann. Hrs (FTE) 
UMCS Admin 
ann. hrs (FTE) 

Tech Expert 
ann. hrs (FTE) 

Controls Tech 
ann. hrs (FTE) 

UMCS 
Operator 

ann. hrs (FTE) 
Total 

ann. hrs (FTE) 

Gov’t UMCS 
(226 bldgs.) 

DPW(Criswell) 1239 (0.69) 830 (0.46) 192 (0.11) 0 (0) 360 (0.2) 2621 (1.46) 

TFW (Multiple) 0 (0) 0 (0) 0 (0) 2744 (1.52) 9199 (5.31) 11943 (6.83) 
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The data in Table 4 along with the (above) description of how the staffing 
roles are currently filled suggest that DPW staffing is inadequate to sup-
port the 226 Government UMCS buildings. Lee Criswell performs the bulk 
if not all of the first three listed staff roles (UMCS Manager, UMCS Admin, 
and Tech Expert) while TFW performs none of these tasks. Mr. Criswell 
also performs some UMCS Operator duties; potentially 20% of his time is 
spent as an operator. This equates to approximately 1.5 FTE positions. 
Consequently it is unlikely Mr. Criswell can keep up with the demands of 
his position(s). Based on CERL’s experience with other garrisons, he is not 
alone in this challenge. It is not unusual for Army UMCS support staff to 
be overburdened due to the expansive, complex, and detailed nature of a 
UMCS. Other DPW staff are involved with the UMCS, but the table focuses 
on Mr. Criswell as his involvement and responsibilities far outweigh oth-
ers. 

5.10 Cybersecurity 

The Fort Leonard Wood Network Enterprise Center (NEC) provides access 
to the ICAN. The Government UMCS has minimal access requirements 
since a basic web server is used in each building. However, the Honeywell 
UMCS requires NEC server space in a NEC server facility. Access and use 
requirements are strict, as expected the help ensure IA. 

Although the Honeywell UMCS has an ATO, access and interface require-
ments have not been met. Honeywell, NEC, and CERL had multiple dis-
cussions and emails regarding Honeywell access and worked out a series 
of Honeywell needs/requirements (Appendix B). Appendix C includes a 
sample telephone conversation record of discussion along with a related 
email further documenting the cybersecurity challenge. 

As of November 2016, Honeywell UMCS still did not have connectivity to 
the ICAN. Over the course of several months leading up to November 
2016, multiple service requests had been issued and Honeywell and NEC 
continue to work on the obtaining connectivity. 

5.11 Training 

Training, which is critical due to the complex and evolving nature of build-
ing automation technology, falls into two basic categories: 

1. UMCS Use and Operation. This can potentially be provided by the 
Honeywell TRM under terms of the ESPC contract. Basic HVAC systems 



ERDC/CERL TR-17-15 37 

training could be beneficial for an operator not versed in HVAC, such as 
courses offered by University of Wisconsin. HVAC control systems training 
could be beneficial. More advance training might include Honeywell-spe-
cific training, which includes classroom and web-based training. Course 
offerings are listed and described at: https://hbsmicrosites.honeywell.com/Docu-
ments/HBS_CustomerTraining_Catalog.pdf  

2. UMCS Management and Design. The evolving nature of UMCS and 
BCSs technology necessitates training to keep current on changes in the 
technology, including many technical and administrative details such as: 
a. The availability of and various types of instrumentation/sensors. 
b. New and sometimes complex HVAC control sequences. 
c. Communications network regulations and policies. 
d. Evolving industry standards. 
e. Army/DoD policies, etc. 
The Huntsville Learning Center 1-week long Proponent Sponsored En-
gineer Corps Training (PROSPECT) course 340 “HVAC Control Sys-
tems: Design 7 Quality Verification” is one good source of technical and 
standards information. 

https://hbsmicrosites.honeywell.com/Documents/HBS_CustomerTraining_Catalog.pdf
https://hbsmicrosites.honeywell.com/Documents/HBS_CustomerTraining_Catalog.pdf
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6 Specifications: Tailored to Fort Leonard 
Wood 

Fort Leonard Wood has historically used the USACE LonWorks-based 
specifications; the DPW has maintained a working version based on 
UFGS-15951 that contains both BCS and UMCS requirements. Within the 
past few years, USACE/DoD has updated the UMCS and BCS-related 
UFGS so that, instead of a single specification, there are now four 23-09-
xx series UFGSs related to BCSs. This subcategorization of the UFGS is in 
accordance with Construction Specifications Institute (CSI) standards. Ta-
ble 5 lists the four (new) UFGSs along with the UMCS 25 10 10 specifica-
tion. Note that UFGS 23 09 00 is the overarching 23-series specification, 
with three subelement specifications. 

Table 5.  Unified Facilities Guide Specifications. 

UFGS Title Description 

UFGS 25 10 10 Utility Monitoring & Control System (UMCS) 
Front-End and Integration 

For procuring a new UMCS or integrating into 
an existing UMCS 

UFGS 23 09 00 Instrumentation and Control for HVAC “Top level” DDC specification with general, 
schedule, submittal, Performance Verification 
Test (PVT), and training requirements 

UFGS 23 09 23.01 LonWorks DDC for HVAC & Other Local Controls DDC Hardware (controller) specifications and 
common protocol requirements (also covers 
SmartServer/web server device) 

UFGS 23 09 13 Instrumentation and Control Devices for HVAC Sensor, actuator, and instrumentation 
specifications 

UFGS 23 09 93 Sequences of Operation for HVAC Control Requirements for various HVAC system types 

6.1 Tailored specifications 

The five UFGS for Fort Leonard Wood (Table 5) were tailored by CERL in 
coordination with NWK and the Fort Leonard Wood Design Branch and 
DPW. The effort focused on UFGS 25 10 10, UFGS 23 09 00, UFGS-23 09 
23.01, and UFGS-23 09 13 (Appendices K, L, N, and O). Requirements for 
water, gas, and electric metering were included after being modified from 
their respective (complete) UFGS and melded into UFGS-23 09 13. The in-
tent is to use these UFGS in all new construction, major renovation, and 
HVAC controls retrofit projects including both MILCON and in-house pro-
jects. UFGS 25 10 10 tailoring is based on using the Honeywell UMCS; its 
focus is therefore on system integration. UFGS 25 01 10 inherently sup-
ports a UMCS that can accommodate the possible future use of BACnet 
technology. 



ERDC/CERL TR-17-15 39 

6.2 UFGS update process 

Successful use of the new specifications requires periodic updates and co-
ordination between NWK and DPW. This was discussed during a confer-
ence call in which NWK suggested that Sue Amato (Specifications Special-
ist with the Tech Division) be the keeper of the master Specs Intact files on 
behalf of Fort Leonard Wood. 

NWK has been doing periodic reviews and providing updates to the Fort 
Leonard Wood Design Requirements beginning back in July 2011 at the 
height of the MILCON Build up at Fort Leonard Wood. Project Manager 
(PM) Robyn Kiefer and Tech Services Specialist Sue Amato were instru-
mental in kicking off this effort and reviewing all the requirements. Robyn 
moved from NWK Military Branch to the District’s Environmental Divi-
sion and this effort was then transferred to Bill McDaniel. This effort in-
cluded development of the Fort Leonard Wood Design Guide (June 2013). 

NWK has been working with Randy Knutson, DPW Planning Division 
Construction Coordinator. Randy is the DPW Point of Contact (POC) and 
all stakeholders submit changes to him for the Fort Leonard Wood Design 
Guide. The installation stakeholders are: Fire Protection, NEC (Infor-
mation and Communication Technology)/Anti-Terrorism/Force Protec-
tion (ATFP)/Safety along with the DPW Divisions. Once Randy receives 
changes, he reviews them and notifies Bill McDaniel and/or Sue Amato. If 
the changes could have a significant impact on the contracts/task orders 
then Sue makes the necessary edits in the NWK Specifications. The Fort 
Leonard Wood Design Guide lags somewhat as the changes are sent to the 
installation stakeholders and a review period is established for comment. 
Once the period is complete and review comments have been received, 
then a review conference is set up to acknowledge the necessary changes. 
NWK controls the ProjNet (DrChecks) and opens and closes the review pe-
riod. Once all changes are agreed to, the final changes are made to the De-
sign Guide and to the NWK Specifications if not already completed. 
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7 Scopes: For Project-Specific Energy 
Conservation Measure 

Pacific Northwest National Laboratory (PNNL) issued (unpublished inter-
nal) report PNNL-24052, FINAL REPORT Comprehensive Energy and 
Water Evaluation at Fort Leonard Wood, MO (J. T. Woodward et al. 
2015) The report described potential energy conservation measures 
(ECMs) in 38 buildings. 

CERL reviewed the PNNL report and identified ECMs related to BAS, cate-
gorized the ECMs, and reviewed the ECM list with DPW (Lee Criswell, 
Alan Simpson, and Jabe Moore) to down-select to 20 candidate buildings. 
Based on DPW input and site visits to multiple buildings CERL developed 
scopes for eight buildings to include the following ECMs: 

• Single zone to VAV 
• DSPR in VAV systems 
• DCV using CO2 sensors 
• Multizone-to-VAV control system conversion 
• Economizer assessment/repair. 

Appendix I contains the scope (Fort Leonard Wood Section 01010 PNNL 
ECMs) for the buildings and ECMs listed in Table 6. Appendix I also con-
tains functional performance tests (FPTs) for the ECMs to assist Fort 
Leonard Wood quality verification efforts. Appendix I includes Sample 
Smart Server graphics, Fort Leonard Wood climatic data, and dry-bulb 
economizer setpoint information. Appendix I contains sample graphics be-
cause the scope requires the contractor to “Provide the graphics pages and 
control features shown in the attached Fort Leonard Wood Sample Smart 
Server Graphics pages.” Appendix I includes Fort Leonard Wood mean co-
incident wet bulb (MCWB) data (source: National Climatic Data Center) 
because it contains MCWB bin data used to determine the dry-bulb econo-
mizer setpoint as shown in the psychrometric chart also included in Ap-
pendix I. The 71 °F economizer setpoint is an ideal value at an assumed re-
turn air condition of 76 °F, 50% relative humidity (RH), and “average” 
weather conditions. A more practical and conservative value might be a 
few degrees lower. This is a specifier decision. 
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Table 6.  Building list and project-specific ECMs (excerpted from Fort Leonard Wood Section 
01010). 

Bldg # Bldg Name Bldg Function 
Bldg 

System 
Existing Field 

Controls UMCS Type 

ECM: 
Single 

Zone to 
VAV 

ECM: 
Multizo
ne (MZ) 
to VAV 

ECM: 
DSPR  

ECM: 
DCV 

ECM: 
Economizer  

2100  Grant Hall Army In-
Processing 
Center (offices, 
assembly, 
medical, 
storage 
spaces) 

AHU-1 Distech EC-FCU-
L, VAVs, Circon 
452A 

iLON Smart 
Server (Phase I) 

  X  X 

AHU-2 Distech ECP-
510s 

iLON Smart 
Server (Phase II) 

  X  X 

AHU-3 Distech ECP- 
410, ECP 510 

iLON Smart 
Server (Phase II) 

X   X X 

AHU-4 Distech ECP-500, 
ECC-VAVs 

iLON Smart 
Server (Phase II) 

  X  X 

AHU-8, 
AHU-9 

Distech EC-RTU-L iLON Smart 
Server (Phase II) 

X   X X 

932, 
934, 
936, 
937, 
939 

930-series Army Barracks 
(dwelling, 
office and 
multi-purpose 
spaces) 

AHU-1 Distech ECP-
400s/ECL-STAT-
RTs 

iLON Smart 
Server 

 X    

AHU-2, 
AHU-3, 
AHU-4, 
AHU-5 

Distech ECP-
500s/ECC-VAV 

iLON Smart 
Server 

  X   

5295B Simulator 
Facility 

Army 
Computer 
Training (data 
center/wareho
use, offices) 

AHU-1 Scheider TAC 
Xenta 401, 
422As, 452As 

Honeywell EBI   X   

AHU-2 Scheider TAC 
Xenta 401, 
422As, 452As 

Honeywell EBI  X    

5400 Brown Hall Army 
Instructional 
Training 
(classes, 
offices, 
assembly) 

AHU-1, 
AHU-2 

Distech ECP-
610s, ECC-VAVs 

iLON Smart 
Server 

  X   
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Appendix A: National Defense Authorization 
Act (NDAA 2010) Section 2841 
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Appendix B: Honeywell UMCS/Information 
Assurance Access Needs (30 March 2016) 

B.1 Background 

Honeywell does not have access to the Honeywell EBI/HEM UMCS. Jabe 
Moore (Honeywell) has expressed the opinion that he does not have every-
thing needed to access the UMCS and that he/we would like NEC’s help 
determining what NEC can provide/help with to afford Honeywell with ac-
cess. Issues/items are listed below. 

1. Honeywell/Jabe Moore needs User access to 11v and 33v servers. “User” 
means or refers to no access to server configuration, but only access to pro-
ject software. (11v = LEONA0HNYWLL11V 33V = 
LEONA0HNYWLL33V). Honeywell needs access to: LonMaker, Lon-
Works IP Configuration software, Enterprise Building Integrator (EBI), 
Quick Builder, and other software programs on 33v server, that are neces-
sary for integrating buildings into EBI/LNS©. 

2. HEM software web service needs to be fixed. (Unable to access Energy re-
porting page). Is the web service turned off/disabled? Or maybe the path-
ing/URL has changed? 

3. Need to provide DPW machine access (approximately six personnel) to the 
Virtual Local Area Network (VLAN) so that DPW can access HEM reports 
page. Need URL to direct DPW to HEM on 11V server. 

4. Need “Station” browser (software) for EBI installed on various DPW ma-
chines to provide a user interface to the EBI software. “Station” is the client 
software. 
a. Also need the ability to use “Station” from a virtual private network 

(VPN) connection, but believe that resolving the other “station” access 
issues will address this, too. 

5. IP addresses in VLAN use the Dynamic Host Configuration Protocol 
(DHCP). For the building automation system to function properly they 
need to be static. It is spelled out this way in our ATO. What do you need 
from us to change back to static? 

6. All ports to which a SmartServer is connected need to be set to 100meg, ½ 
duplex. Can NEC query the network for Media Access Control (MAC) ad-
dresses that start with “00D0”? This would save Lee Criswell and Jabe 
Moore from having to physically visit approximately 500 buildings. 

7. We do not believe the Smart Servers support 802.1x. We would like to dis-
cuss with NEC how to handle port authentication without using 802.1x. 
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8. Is there a response protocol for IT work orders/requests specific to UMCS? 
Should we define one? 

Figure B-1.  Honeywell EBI/HEM UMCS Architecture. 
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Appendix C: Honeywell Information 
Assurance Access (Conference Call 
Notes) 

Topic: IA for Fort Leonard Wood Utility Monitoring Control System 
(UMCS) 
When: 17 February 2016 
Who:  
Shelia Collins, FLW NEC Server Support 
Lee Criswell: FLW DPW Ops Mech Sec 
Dave Schwenk: Corps of Engineers, ERDC-CERL 
Joe Bush: Corps of Engineers, ERDC-CERL 
Dave Underwood: Corps of Engineers, ERDC-CERL 
 
Background. This is follow-up to discussions and emails with Allen Simp-
son, Lee Criswell, Deborah Dowling and Jabe Moore. And is an extension 
of work Lee, Shelia, and others have been doing to support the FLW UMCS 
SmartServers (i.e., the Government UMCS versus the Honeywell UMCS, 
where the Honeywell UMCS was discussed today/below). 

1. Honeywell access to Honeywell Server/System. Jabe Moore (Hon-
eywell, Technical Resource Manager) needs at least a degree of 
access. We need to determine if it needs to be “SA”* privilege 
access versus “User” access. It is not totally clear what is 
the definition of access but prior discussion (via email) with 
Jabe he said “It does not require an SA to operate EBI/HEM.” 
Shelia Collins will discuss Honeywell access with Deborah 
Dowling (FLW NEC) and then (tentatively) test Jabe’s needed 
level of access (“SA” versus “User”). 

2. DPW web-based access to Honeywell System. Honeywell has of-
fered DPW web-based access to the Honeywell system but has not 
been able to achieve this. It seems this requires some coordi-
nation with NEC. Shelia said she would discuss with Deborah 
and then Jabe to see if/how this is possible. 

3. Fixing the broken IP-852 channels (and configuration of Lon-
Point Server) are needed to get the Honeywell UMCS sys-
tem/server working. This requires visiting each SmartServer 
and a work order to NEC Matt Henson (to open a port, I think). 
This should be dealt with only after item 1 above is resolved. 
There was some discussion of static vs. dynamic IP addresses. 
Control systems typically expect static addresses. 

4. IE Edge versus IE9. There is a browser compatibility issue 
where support for IE9 will eventually stop. 

                                                   
* System Administrator (SA) 
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5. VLAN. Possibility of putting the UMCS system(s) on a Virtual 
LAN was discussed. This could make things more manageable. 

Some acronyms: 

EBI = Enterprise Buildings Integrator (software) 

HEM = Honeywell Energy Manager (software) 

SA = System Administrator 

NEC = Network Enterprise Center 

******************************************** 

Follow-up email: 

-----Original Message----- 

From: Dowling, Deborah J CIV USARMY 106 SIG BDE (US) [mailto:deb-

orah.j.dowling.civ@mail.mil]  

Sent: Thursday, February 18, 2016 7:39 AM 

To: Schwenk, David M ERD-IL <David.M.Schwenk@usace.army.mil>; 

Collins, Shelia J CIV USARMY 106 SIG BDE (US) <shelia.j.col-

lins2.civ@mail.mil>; Simpson, Allen W CIV USARMY USAG (US) <al-

len.w.simpson2.civ@mail.mil>; Criswell, G L (Lee) CIV USARMY USAG 

(US) <gerald.l.criswell.civ@mail.mil>; Bush, Joseph ERD-IL <Jo-

seph.Bush@usace.army.mil>; Underwood, David ERD-IL <David.M.Un-

derwood@usace.army.mil> 

Cc: Stumpf, Annette ERD-IL <Annette.L.Stumpf@usace.army.mil>; 

Bevelheimer, Susan ERD-IL <Susan.J.Bevelheimer@usace.army.mil>; 

Landers, Matthew P CIV USARMY 106 SIG BDE (US) <mat-

thew.p.landers.civ@mail.mil> 

Subject: RE: FLW UMCS IA 

All, 

Here is additional background based on the notes that were at-

tached for the meeting held yesterday. 

1. Mr. Jabe Moore started experiencing issues with connecting to 

the Honeywell servers after I had removed his ability to login as 

the default administrator on the server. I had been attempting to 
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set the servers to the configuration that had been outlined in 

the security configuration guide that accompanied the ATO. There 

was no change to any of the accounts other than the default ad-

ministrator account on the server. The connection from the appli-

cation installed on the desktop is at an elevated level and there 

should be nothing that he cannot do from within the application. 

****CERL NOTES: This seems to be a “setup” versus “use” issue. 

What rights does Honeywell need to run the software? We/Honeywell 

may not know. Discuss with Jabe? We may need to just try it to 

determine based on trial and error with Shelia’s help.**** 

2. If the controllers and servers are configured per the ISEC 

guidance, DPW should have access to the Honeywell systems. The 

last time that I had been involved, the Honeywell controllers had 

not been configured in accordance with the ISEC guidance. Infor-

mation had been provided to DPW and Mr. Moore on how to configure 

the controllers. 

****CERL NOTES: We assume “Controller” = SmartServer. Can/will 

Jabe configure the Honeywell controllers/SmartServers? Control-

lers/SmartServers should not affect DPW access to Honeywell sys-

tem, but “servers” may. Is Deborah mixing/confusing SmartServer 

webpage service with access to the Honeywell server serving of 

webpages?**** 

3. The broken IP-852 channels had to do with 802.1x being enabled 

on the network. Both Mr. Moore and DPW were notified in advance 

of the changes occurring and what it would entail to be able to 

connect to the devices after the port changes were made. During 

the upgrade to the switches to enable the 802.1x, the decision 

was made to create a VLAN and segregate the controllers, per the 

ISEC guidance and ATO. The Network Division has worked with DPW 

in correcting their connection issues. Mr. Moore was provided the 

same information as DPW was. 

****CERL NOTES: (802.1x = port security.) Not clear what this 

means or where we/FLW are at with this. Jabe had once said they 

needed to re-enter IP addresses into the SmartServers to fix 

this. Is there a configuration server issue?**** 
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4. The version of Internet Explorer will be in alignment of what 

is approved on the new ATO. Currently, a POA&M has been submitted 

by USACE to remain on the 2008r2 platform until testing can be 

completed on the 2012r2 platform and the new ATO can be granted. 

From what I understand, EBI will have to be upgraded on the 

2012r2 platform. The POA&M has been approved for the Honeywell to 

continue to operate until December 2016. A copy of the POA&M will 

need to be forwarded to the Cybersecurity Division for our rec-

ords. 

****CERL NOTES: POA&AM = plan of action and milestones (i.e., a 

get well plan). Does EBI need to be upgraded? Can EBI be up-

graded? By who/at what cost? How to get there from here? Who/how 

does a copy of the POA&M get forwarded to the Cybersecurity Divi-

sion for their records?**** 

5. The controllers are in a separate VLAN per the ISEC configura-

tion guidance and the approved ATO for the Honeywell systems. 

****CERL NOTES: OK/good. **** 

END OF NOTES 



ERDC/CERL TR-17-15 49 

Appendix D: FLW Advanced Metering 
Installation Status (Conference Call 
Notes) 

(Blue highlight = Update with Allen Simpson input email 3/14/16) 
Topic: FLW advanced metering installation status 
When: 8 March 2016 
Who: 
Bill Hood, HNC 
Dave Schwenk: Corps of Engineers, ERDC-CERL 
Joe Bush: Corps of Engineers, ERDC-CERL 
Dave Underwood: Corps of Engineers, ERDC-CERL 
 
Background: CERL has been tasked with helping FLW plan for existing 
and future UMCS and metering. These notes extend/elaborate on some of 
the things we discussed during the conference call. 

Summary: It appears the direction we are going will be to install new me-
ters in buildings, connect them to the Smart Servers, run the data through 
Honeywell’s EBI (because it has an ATO), and let Honeywell transfer the 
meter data onto MDMS. 

1. Bill indicated that the metering plan is to have 100-200 new advanced 
electric meters installed and connected to MDMS (via Honeywell UMCS) 
but this would likely not start until FY17. 

2. Bill, along with Fred Abbitt (HNC) in separate email, suggests connecting 
to MDMS via the Honeywell UMCS. Bill indicated connection via the Hon-
eywell UMCS is beneficial in large part because Honeywell has an ATO. 
We had previously discussed “sharing” meter data between MDMS and 
(any other FLW) UMCS via the SmartServers (using IP output from this 
device). Instead, the approach using the Honeywell UMCS, where all me-
ters would be connected to Honeywell (likely via SmartServers) would ba-
sically require that Honeywell transfer meter data via SQL database to 
MDMS. This approach would eliminate the need for an EEDRS server 
(which is simply “another” UMCS dedicated to metering) at FLW. 

3. Meter connection to the Honeywell UMCS suggests the possible need for 
a contractual arrangement with Honeywell where Honeywell would pro-
vide MDMS with access to meter data via the SQL database. FLW cur-
rently has ESPC contracts with Honeywell but we assume HNC will use 
their contracting mechanism to obtain Honeywell services, in the event a 
contract is necessary. Bill Hood suggested access to meter data via SQL 
could be trivial. This needs to be explored. 
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Allen suggestion: I would believe we could modify an existing Honeywell 
ESPC contract to provide payment for this service, but we probably should 
use the contract administered by our local MICC. I suggest this contract be-
cause it is the one under which Honeywell provided the existing EBI/UMCS 
and metering. The Huntsville-Corps contract I have with Honeywell does not 
include these services in its scope. 

4. Would a Honeywell/MDMS metering contract involve FLW inter-
ests/needs? For example, would the MDMS scope/requirements include 
graphic display development in Honeywell EBI/HEM for access/viewing 
by FLW, or is the scope going to only call for meter data to simply pass 
through to MDMS via SQL. Perhaps FLW does not need a graphic dis-
play because the data will be available via MDMS. 

5. MDMS currently gets some metering data from Fort Leonard Wood where 
Laclede data is processed and sent by Laclede to the MDMS server once 
a month, which then makes it accessible to MDMS. There have been con-
cerns about the accuracy of this data. It seems Laclede provides this data 
gratis and this arrangement may not last. It seems the current method of 
MDMS accessing Laclede data should be phased out with the new ap-
proach where MDMS accesses data via the Honeywell UMCS. 

6. The existing Honeywell ATO covers only the Honeywell system and the 
devices (SmartServers) and thus meters connected to it. There has been 
prior discussion about including the existing DPW meters & SmartServers 
under the (Honeywell) ATO. We should consider if and how to go about 
this. This may entail connecting the existing government SmartServers to 
the Honeywell system. 

7. IMCOM policy is that they will not provide funding for obtaining ATOs. 
Thus using the existing Honeywell ATO is appealing. 

Allen input: CAUTION AHEAD. If IMCOM policy is that they will not provide 
funding for ATOs, then how will the Gov’t. be expected to continue providing 
the services once our ESPC contract expires? I ask because at the conclu-
sion of the ESPC contract the Honeywell system reverts to Government own-
ership and operation. It would then be our responsibility to keep the ATO cur-
rent. 

8. New meters should be installed carefully taking into account lessons 
learned. The Laclede meters were installed on transformers, which are a 
minimum of 30 ft from a building (a force protection requirement) making 
them “unusable”(due to inaccessibility) by the advanced metering pro-
gram. Future meters should be installed in/at the buildings. We need to 
define other metering requirements necessary for success. 
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Appendix E: Fort Leonard Wood Advanced 
UMCS/Metering Options (for Decision 
Meeting December 2016) 

Fort Leonard Wood UMCS/Metering Options 
19 December 2016 

 
Table E-1 lists five options Fort Leonard Wood has for obtaining the neces-
sary functionality for UMCS and Metering. 

Figure E-1 shows the UMCS/EEDRS decision flow chart. Decisions and 
end states are described below. 

Table E-1. Fort Leonard Wood UMCS/metering options. 

 

Decision -1: Is it OK to have MORE than 2 UMCS? 

There is likely no debate that three systems is not the correct ap-
proach, thus eliminating Option D. 

Decision 0: 1 UMCS or 2 UMCS OK? 

• Assumptions: 
o Any UMCS will cost Fort Leonard Wood money to O&M. 

This may be more or less for different system types, but it 
is non-zero for any system. 

ESPC UMCS FLW UMCS METER REPORTING 

CURRENT ESPC EBI
MANY STAND-ALONE 

SYSTEMS
NONE

OPTION A

OPTION B NEW EEDRS

OPTION C-1 ESPC EBI

OPTION C-2 ESPC EBI

OPTION D ESPC EBI NEW UMCS NEW EEDRS

O
P
T
I
O
N
S

ESPC EBI

ESPC EBI

NEW UMCS (FLW PROCURED)

NEW UMCS (PROCURED AS EEDRS)

FUNCTIONALITY NEEDED
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o There is an impact on usability when having multiple sys-
tems, and the DPW will have to know both, have accredi-
tation credentials for both, and will be unable to look at 
the entire system (both systems) at one time. 

• Factors Affecting the Decision 
o Fort Leonard Wood has an ESPC until 2025, and is 

“stuck” with the Honeywell EBI system provided under 
the ESPC. Unless they buy-out the ESPC or otherwise de-
termine they can discount it as counting as a UMCS, a de-
cision to have a single UMCS means using the existing 
ESPC system. 

o At least one of the systems selected must be able to report 
meter data to MDMS. 

o Can the ESPC contract accommodate using the EBI sys-
tem as the installation-wide UMCS? 

o Fort Leonard Wood DPW has expressed a STRONG de-
sire for a SINGLE UMCS. 

• Decision Options: Fort Leonard Wood can make one of two de-
terminations here: 

o Try for 1 UMCS 
o Try for 2 UMCS 

Decision 1: Can ESPC EBI System work for the Fort Leonard Wood 
UMCS? 

• Technical capability: YES. 
• Contract: Our current belief based on input from Fort Leonard 

Wood is that the answer is YES. 
• Other: Are there other factors (maintenance etc.) to consider? 
• This appears to be primarily a question of whether the ESPC 

contract can support. 
• If YES, go to decision 1-1. If NO then a single UMCS is not prac-

tical, go to decision 2. 

Decision 1-1: Can ESPC EBI system work for metering? 

• Technical capability: Based on the EBI system being the same 
revision as the EEDRS EBI, this should be YES. 

• Contract: Our current belief based on input from Fort Leonard 
Wood is that the answer is YES. 

• Other: Are there other factors (maintenance etc.) to consider? 
• IF YES, go to End State 1. If NO then a single UMCS is not prac-

tical, go to decision 1-1-2. 
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End State 1: Use the ESPC EBI system as both the installation-wide 
UMCS and the Metering Front-End. 

Decision 1-1-2: Is it OK to have the metering and Fort Leonard Wood 
UMCS functions separate? 

• If NO go to Decision 2. If Yes then go to decision 1-1-2-1 

Decision 1-1-2-1: Can EEDRS be the Fort Leonard Wood UMCS (Note 
that this is the same question as in Decision 2) 

• If NO go to END STATE 2. If Yes then go to decision 1-1-2-1-1 

Decision 1-1-2-1-1: Which is preferred as the Fort Leonard Wood UMCS 

• If ESPC EBI go to END STATE 2. If EEDRS go to END STATE 4 

End State 2:  Use the ESPC EBI system as installation-wide UMCS and 
install a new EEDRS for metering ONLY. 

Decision 2: Can EEDRS function as the Fort Leonard Wood UMCS? 

• If YES go to END STATE 4. If NO go to END STATE 3 

End State 3:  Install a new UMCS (NOT EEDRS) and use it for the UMCS 
and for Metering. (included for completeness… we should never 
end up here, though) (Continue to operate the ESPC EBI system sepa-
rately) 

End State 4: Install an EEDRS and use is as the installation-wide UMCS 
as well. (Continue to operate the ESPC EBI system separately) 
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Figure E-1.  UMCS/EEDRS flow chart. 
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Appendix F: Fort Leonard Wood Advanced 
Metering Installation Status (Conference 
Call Notes, December 2016) 

Meeting Minutes/Notes 
Fort Leonard Wood UMCS/EEDRS 

(ver: 23 December 2016) 
 

1. Conference call & meeting at CERL: 20 December 2016 
2. Participants: 
Huntsville/AMP: Bill Hood, Fred Abbitt, Jim Workman 
MDMS: Christian Roberson 
Fort Leonard Wood: Allen Simpson, Jeannie Belew, Paul Schonenberger, 
Shelia Collins (NEC), Deborah Dowling (NEC), Joe Gillardi, Lee Criswell 
Spectrum Solutions, Inc. (SSI): Jim Whitt, Kevin Kechler  
CERL: Dave Schwenk, Joe Bush, Brian Clark, Dave Underwood, Annette 
Stumpf, Sue Bevelheimer, Dale Herron, Heather Fitzhenry 

3. Summary 
a. Given that the Fort Leonard Wood Honeywell ESPC EBI/HEM sys-

tem software will be upgraded to match the configuration currently 
being tested for EEDRS, the general consensus was that if the open 
concerns (question list is below) can be addressed it would make 
the most sense for Fort Leonard Wood to adopt the ESPC EBI sys-
tem as their single front-end for UMCS and Metering purposes. 
The primary concerns from the Metering side appear to be a) the 
need to document an agreement for the system to operate on the 
Fort Leonard Wood ICAN and b) the need to address system ad-
ministration responsibilities for the system. More general concerns 
to address are a) how to handle adding meters and building con-
trols to the ESPC contractually, b) what will be the breakdown of 
maintenance responsibilities and c) how will the necessary work to 
obtain a site ATO for the system be funded. 

b. The group determined that the next step is to develop a list of ques-
tions/concerns for Allen to take to Honeywell to address. This 
should provide sufficient information to determine the feasibility 
of using the ESPC EBI system as the single Fort Leonard Wood 
UMCS/Metering system. 

c. There was some brief discussion about what the AMP can and can-
not (will and will not) pay for. This is something that will need 
more definition – and it is likely that discussions with the AMP 
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Program Manager and/or the Assistant Chief of Staff for Installa-
tion Management (ACSIM) will be needed. The potential savings of 
using the ESPC EBI system are significant, but AMP may be unable 
to use metering funding for anything other than EEDRS … Joe 
Bush volunteered to try and convince AMP and/or ACSIM that it 
would be worthwhile to consider changing this policy to avoid the 
waste of government funds. If the issue is ACSIM rules that limit 
the ways in which AMP can use metering funds, it would be best to 
approach ACSIM in coordination/cooperation with the AMP PM to 
see if they can modify these rules. 
 

4. Question/Action Item Due Out List in support of the 1 UMCS ap-
proach. Some items are for Allen to ask Honeywell, others are more 
general or need to be answered by the group, but the group needs to 
reach consensus before Allen approaches Honeywell: 
a. The Fort Leonard Wood Security Evaluation Visit (SEV) report lists 

2 high risk items related to using the Honeywell ESPC EBI system 
to meet the AMP metering requirements: 

b. “The ISSM is currently accepting the risk for allowing the 
ESPC system to operate on the network, although it was in-
stalled using the EEDRS ATO. It was installed and config-
ured in accordance with (IAW) the EEDRS SCG and imple-
mentation guidelines. If the ISSM transitions to another site, 
the potential exists for the incoming ISSM to reject the risk 
acceptance and remove the system from the network until 
such time as a legitimate ATO is achieved for the system im-
plemented at the site.” Possible resolution: The relation-
ship between DPW and NEC (especially ISSM, Ms. Dowling) 
has been “above average” (per the SEV) but it could be bene-
ficial to create a Tenant Security Plan (TSA) agreement/ar-
rangement between DPW and NEC to help ensure ongoing 
management of the computers/servers. A good start point 
might be the “Honeywell UMCS/IA Access Needs” document 
created this past fiscal year (FY) by Honeywell, NEC, DPW 
and CERL. It is attached to these minutes. There is already a 
service level agreement (SLA) between NEC and DPW that 
should be considered/referred to in development of and TSP. 

c. “The NEC SA is currently performing all administration 
(patching and updating) of the ESPC system, because the 
contractor employed to perform those tasks by Honeywell 
does not meet the minimum DoD/Army security require-
ments for System access.” Possible resolution: The Fort 
Leonard Wood ESPC onsite Honeywell “Technical Resource 
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Manager” (Jabe Moore) is actively engaged in obtaining SA 
designation. 

d. How to contractually structure/use the Honeywell ESPC EBI sys-
tem to meet AMP metering requirements given that the EBI is 
owned by Honeywell (until 2025) and its use/access is gov-
erned/restricted by the ESPC contract. Possible resolution: Roll 
the AMP requirements into an ESPC contract (where the guaran-
teed energy savings requirement might be difficult) or a separate 
contract mechanism potentially as a sole source procurement ac-
tion (Less than ideal, but Allen suggested this was possible). This is 
not a question for Honeywell, but for the Feds involved with this 
project. 

e. In the event the Honeywell will be used to meet AMP metering re-
quirements, we will need to know the expected date that Honeywell 
EBI R500 system will receive its type certification. Possible reso-
lution: Ben Murray verbally told CERL/DPW it was expected 
April 2017. 

f. Honeywell reported to CERL that Honeywell is obligated to up-
grade the existing Fort Leonard Wood EBI to EBI 500 in accord-
ance with the ESPC contract support requirements. For planning 
purposes we would need to know when this can occur. 

g. What support does Honeywell need to meet AMP metering re-
quirements. 

h. eMASS and Form 1144 need to be updated. Existing eMASS profile 
needs to be updated to help convert the Honeywell EBI 500 “Type” 
accreditation to a “Site” accreditation. Possible resolution: Fred 
Abbitt is facilitating/attending to these items. 

i. Existing Honeywell ESPC EBI system does not have connectivity 
and Honeywell and NEC have bene working to resolve this based 
on the attached “Honeywell UMCS/IA Access Needs” document. 
Possible resolution: Allen should schedule and host a confer-
ence call with NEC, Honeywell, and CERL every 2 weeks to review 
connectivity status. CERL can provide a call-in number if necessary 
(Joe and Annette have ones that can be used). 

j. Bill Hood is setting up a follow-up conference call (appx 31 Janu-
ary) to review status of these items. 

5. Other notes: 
a. Joe Bush stepped through the flowchart during the meeting. The 

big question seems to be whether Fort Leonard Wood can pursue 
the single UMCS approach or if they will need to adopt two 
UMCSs. 

b. A key point or decision factor is that the existing Honeywell EBI 
410 system will lose its ATO on 31 Dec. It can be extended tempo-
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rarily, per Fred Abbitt. The system needs an operating system up-
date in order for the EBI to remain on the network beyond 31 Dec. 
Fred is dealing with this. He/we need an SES to sign the exception 
memo. Then, in separate discussion (between Honeywell and Allen 
Simpson, and yet another separate discussion between CERL and 
Honeywell) Honeywell has said they plan to upgrade the existing 
Fort Leonard Wood Honeywell from EBI R-410 to new Honeywell 
EBI 500. Statement from Ben Murray (Honeywell Technical Ser-
vices Manager) original installer of the existing system at Fort 
Leonard Wood: 

The ATO reaccreditation is for type certification of Honeywell EBI R500 

and Energy Manager R500 and a specific set of Echelon and Honeywell 

field devices. It is targeted at the Army EEDRS (Enterprise Energy Data 

Reporting System) use case and not specifically for Fort Leonard Wood. 

However, it would be applicable to the energy monitoring EBI system at 

FLW so long as it is substantially the same as when I originally installed it. 

c. Fred Abbitt outlined a path forward where the Honeywell EBI 
could be used as the single Fort Leonard Wood UMCS to include 
AMP metering. This leads to the question/action item list above. 

d. With the Fort Leonard Wood EBI 500 updated to the accredited 
version, the Fort Leonard Wood Honeywell EBI can serve as both a 
UMCS and MDMS metering platform. 

e. When will Honeywell deploy the new EBI 500? Honeywell told 
CERL in prior discussion that it should be “Type” accredited in 
April 2017. 

f. Site accreditation tasks need to be addressed. 
g. Who will manage the new EBI 500? DPW has an SLA with NEC 

where NEC has historically been providing all services needed to 
support the Honeywell EBI. The expectation is that this will con-
tinue per Allen Simpson. 

h. Honeywell (Jabe Moore) is working on obtaining System Adminis-
trator (SA) privileges. This entails completing training courses that 
Allen Simpson said he is in the process of doing. 

i. Existing EEDRS gateway at Fort Leonard Wood. Need Ports, Pro-
tocols and Services (PPS). Fort Leonard Wood host MDMS URL: 
140.153.165.114 

j. The Government needs to be conscientious in monitoring and un-
derstanding Honeywell pricing, especially in the case of sole source 
procurement. 

k. Building Point Of Common connection (BPOC) (SmartServer) 
sharing. Paul Schonenberger asked if it was possible for a single 
BPOC to share meter data with two different systems (i.e., an 
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EEDRS and a UMCS). If Fort Leonard Wood finds it must proceed 
with both an EEDRS and a UMCS it would be beneficial if the ex-
isting UMCS could access the meter connected to the Smart Server. 
We had discussed this possibility 
 

AMP = Army Metering Program 
BPOC = Building point of connection (an older term) used to describe 
SmartServer 
EBI = Enterprise Buildings Integrator (software). Provides building-level 
(HVAC) graphics. 
ESPC = Energy Saving Performance Contract 
HEM = Honeywell Energy Manager (software) 
ISSM = Information Systems Security Manager 
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Appendix G: UMCS Staffing 

NOTE: This appendix is intended to provide insight for UMCS/BCS staff-
ing and support. It was excerpted from an informal report written by 
CERL for IMCOM. The original IMCOM version was slightly to address 
Fort Leonard Wood situation but has not been rigorously edited. The 
“UMCS Staffing Matrix” table (excerpted from a spreadsheet) was edited 
to include 226 BCSs to replicate Fort Leonard Wood’s Government UMCS. 

G.1 Overview and summary 

There are several roles that need to be filled and multiple tasks performed 
to support a UMCS and the associated BCSs. The various roles and tasks 
are not new requirements - they were always needed to properly support a 
UMCS - this is a formalization of those requirements. The roles and tasks 
lead to the definition of staffing requirements fundamental to the success 
of a UMCS where the staffing requirements are a function of the size and 
growth rate of the UMCS. 26 basic tasks are listed/described here along 
with six related roles including; UMCS Manager, UMCS Administrator, 
Technical Expert, System Integrator, Controls Technician, and UMCS Op-
erator. In some cases one individual can fulfill more than one role. For ex-
ample, the UMCS Administrator and Technical Expert may be the same 
individual. With the exception of the UMCS Manager, these roles can be 
filled with contracted personnel. The UMCS Manager must be able to rep-
resent and commit the Government, however, so must be a federal em-
ployee. 

G.2 Background 

The success of a UMCS system depends on it being properly used, man-
aged, maintained and grown. Historically, Army installations are not ac-
customed to providing this type of support – often there is insufficient 
controls expertise among maintenance staff who are stretched too thin, 
generally insufficient IT expertise within the DPW, no dedicated operators 
for the system, and no individual at the garrison who is truly responsible 
for the UMCS in that one individual does not have the authority or job de-
scription to manage the UMCS. The garrison DPW (O&M) have tradition-
ally managed to “squeak by” doing what they can and leaving much un-
done. 
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G.3 UMCS support roles 

Each UMCS/BCS support role listed here is not necessarily a full-time 
staffed position. With the exception of the UMCS Manager, these roles can 
be filled with contracted personnel (and this is essentially the model used 
by Fort Leonard Wood). The UMCS Manager must be able to represent 
and commit the Government, however, so must be a federal employee. In 
practice it likely makes sense to combine the UMCS Administrator and 
Technical Expert roles. Staffing requirements are a function of the size and 
growth rate of the UMCS and are discussed later. UMCS support roles in-
clude: 

1. UMCS Manager: This role is responsible for managing all aspects of the 
UMCS and is the individual at the garrison with the responsibility and au-
thority to make local decisions concerning the UMCS, including planning, 
project prioritization and system operation. Historically, if and when this 
role has been filled, it has typically been filled by the DPW Energy Man-
ager, but this individual ordinarily does not have the time, designated re-
sponsibility or authority to do so effectively. This can easily be a full-time 
position at most garrisons (smaller garrisons may be able to do with a 
part-time position) and should be someone with a supervisory level posi-
tion. Key responsibilities include: 
a. Developing, documenting and maintaining UMCS policies and proce-

dures, 
b. Planning and programming (in the business sense) for the UMCS, 
c. Championing the UMCS to garrison leadership to secure funding and 

support, 
d. Managing the other UMCS roles. 

2. UMCS Administrator: This role provides the necessary IT expertise to the 
DPW in support of the UMCS, performs IT management for the UMCS 
and coordinates UMCS IT issues with NEC. The role of managing the IT 
related aspects of the system is one of the biggest challenges facing a 
UMCS at most garrisons due in large part to IA requirements. Note that 
the NEC is not ordinarily responsible for the UMCS so the DPW has to 
manage it themselves or pay NEC to do so. 

3. Technical Expert: This role provides expertise on the technology (Lon-
Works for example) and the implementation of this technology at the gar-
rison. The key responsibilities for this role are the review of project submit-
tals (designs, as-built drawings, etc.) and participation in control system 
acceptance. Garrisons will have an ongoing need for someone who has ex-
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pertise in UMCS technology - specifically the protocol, networking and da-
tabase management requirements of the UMCS - to assist the garrison 
with preparation for job specifications, review of designs and participating 
in system testing and acceptance. 

4. System Integrator: This role performs the actual integration of BCSs into 
the UMCS to expand the UMCS. This service will generally be obtained as 
part of the BCS project, so this role does not correspond to a position that 
must be filled at the garrison. 

5. Controls Technician: This role provides controls expertise and support to 
DPW O&M staff. Initially this might best consist of contract personnel in 
the form of dedicated controls technicians who provide direct O&M sup-
port along with on the job training to the DPW O&M staff. While this role 
will be filled via contract personnel who already have controls expertise, 
this role should transition to O&M staff as they become trained. This basic 
approach has been used successfully by Fort Hood. As mentioned previ-
ously a UMCS is only useful when connected to building controls systems 
– but these systems must themselves be functioning properly for the 
UMCS to provide benefit. Most garrisons do not have sufficient controls 
expertise “in-house” to effectively manage their building controls. Controls 
Technicians hired on a short-term basis (a few years) can work with the 
O&M staff on controls issues while also providing “on the job” training to 
allow the garrison to obtain the controls expertise it needs. Retaining a sin-
gle controls technician long-term will provide ongoing support and train-
ing to ensure that the garrison can maintain its level of controls expertise. 

6. UMCS Operator: The purpose of this role is take advantage of the power 
and capabilities of the UMCS. The UMCS Operator uses the UMCS to 
monitor and control the connected BCSs. The UMCS Operator provides 
remote troubleshooting and diagnostic support. The Operator can also ad-
just schedules, set up trending and configure demand limiting to support 
the changing needs of the garrison. To be effective, the UMCS must have 
operators using it. Some sites currently do this e.g., the Pentagon, but most 
operate the UMCS on a sporadic basis relying on the O&M staff to use it. 
Staffing the UMCS with operators on a full-time basis allows pro-active use 
of the UMCS to address issues, while also assuring that the system remains 
functional and useful. Initially fewer operators are needed, but in the long-
term the goal should be to have the UMCS staffed 24/7. 

7. UMCS Support Tasks. Table G-1 lists 26 tasks associated with the support 
of a UMCS. Each task includes additional information describing the task 
including an indication as to whether or not a contractor can perform the 
task. 
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Table G-1.  Tasks necessary to support a UMCS. 

Task # 
Can a Ctr 
Do This? Task Description 

1 Y Integrate BCS & LNS© 
into UMCS 

Including: 
 - Merge databases 
 - Fix building addressing 
 - Create graphics, trends, alarms, etc. 
 - Install 852 router (request IP drop) 
We assume that MCA pays for system integration, so although there is System 
Integrator (SI) involvement in this role/task, no labor time is included/shown in 
the Roles Matrix for the SI. 

2 Y Review BCS submittals 
(during construction) 

Review of submittals during construction: 
 - contractor design drawings 
 -  device data sheets 
 - as-builts (esp. Points Schedule and LNS© Database). 

3 Y Review BCS proposals 
(prior to award) 

Review proposals from contractors. (Note there may be a possible 
conflict/issue with contractors reviewing contractors.) 

4 Y Review BCS designs Review project designs and RFPs (prior to announcement). Note there is 
possible concern/conflict with contractor review of RFP they are going to bid 
on. 

5 N BCS “document” 
approvals 

-Actual approval of all the reviews for the BCS (submittal, proposal, design). 
-Keeping the authority to approve with a Gov’t person gives some relief from 
issues of contractors review of these documents. 

6 Y IT: hardware admin Computer hardware management and procurement. 

7 Y IT: OS admin Operating system and standard software (including office automation and 
standard server packages like SQL and Internet Information Services [IIS]) 
management and upgrades, etc. 

8 Y IT: application 
administration 

Admin of the M&C software, network configuration tool software, Plug-ins, 
programming software, etc. 

9 Y UMCS 
policies/procedures 
(System Integration 
Methodology, etc.) 

Development and updates to policies and procedures such as: 
 - System integration methodology (SIM) 
 - database management scheme/plan 
 - system operation policies 
 - etc. 
Includes lots of IA and IT related items. 
We assume that MCA pays for system integration, so although there is System 
Integrator (SI) involvement in this role/task, no labor time is included/shown in 
the Roles Matrix for the SI. 

10 Y LNS© database (DB) 
mgmt/coord 

Management of database issues such as: 
 - database/server distribution (how many, what breakdown, etc.) 
 - database storage and backup 
 - database management for building contractors (esp. for return/warranty 
work). 

11 N UMCS planning 
(decisions) 

UMCS Master Planning such as: 
 - building integration priorities 
 - system operation parameters (schedules, demand limiting, etc.) 
 - workload planning and work distribution. 

12 N UMCS champion (funding 
etc.) 

Secure funding, promote system, monitor use of system and address issues. 
The time/effort associated with this role/task is difficult to estimate and likely 
differs/varies in large part as a function of system size. 



ERDC/CERL TR-17-15 64 

Task # 
Can a Ctr 
Do This? Task Description 

13 N UMCS contract support -Determine contract needs (personnel, etc.) and monitor contractors. 
-This is only for the contracts necessary to fill the “recurring” roles (not new 
building contracts, not integration contracts). In other words the contracts 
needed to get people. 
-The time estimate assumes only a couple of contracts (per year). 

14 Y Alarm management 
(alarm receipt) 

-Handle incoming alarms (keep alarm log from filling up). 
-The expectation/estimation is 15 minutes/week/bldg.  

15 Y Work order generation Generate work orders. 

16 Y UMCS ongoing 
configuration 

Tweak/add graphic pages, set up trends, alarming, scheduling. Change 
reports, demand limiting. 

17 Y UMCS system “browsing” -Use GUI to scan through systems for problems. 
-Monitor overrides. 
-Check schedules 
-etc. 
There is no fixed time allotment/estimation associated with these tasks. 

18 Y UMCS trouble call receipt -Receive trouble calls from building occupants (via phone). 
-The time/effort associated with this role/task is difficult to estimate, but is 
assumed to be 10 min per call and one call per week per building. 

19 Y UMCS remote 
diagnostics 

Remotely diagnose/repair problems in building controls. 

20 Y BCS testing/Cx Participate and assist with building testing. 
-The time/effort associated with this role/task is difficult to estimate, but is 
assumed to be 20 min per issue and one issue per week per building. 

21 N BCS Acceptance Determine acceptability of building controls. “Sign off” on building controls 
(with the caveat that the building acceptance process must account for the 
need for BCS acceptance). 

22 Y Interface with NEC -Talk/coordinate with NEC 
-We assume that MCA pays for system integration, so although there is 
System Integrator (SI) involvement in this role/task, no labor time is 
included/shown in the Roles Matrix for the SI. 

23 N Be the boss -Manage other roles (supervise contracts and government employees filling 
the other “new” roles defined here). 
-The time/effort associated with this role/task is difficult to estimate, but is 
assumed to be 8 hr/year/person. 

24 Y HVAC mechanical & BCS 
equip work 

-Assist with diagnostics, troubleshooting maintenance and repair of control 
equipment and related mechanical equipment. 
- The time/effort associated with this role/task is difficult to estimate, but is 
assumed that each controls technician spends 80% of their time supporting 5 
HVAC techs. 

25 Y Train (or get training for) 
HVAC Techs 

-Provide training (either directly or indirectly) to bring HVAC Techs “up to 
speed” on controls with a goal of making them able to do control tech work. 
- The time/effort associated with this role/task is difficult to estimate, but is 
assumed that HVAC techs get 40 hrs/year of training, Controls techs train in 
pairs of HVAC techs so provide 20 hr/year of training per HVAC tech. 

26 Y Maintain IT Certification Take classes/tests as needed to maintain ability to be a System Administrator. 

8. UMCS support staffing 
a. The categories/cells shown in Table G-2 include: 

(1) -Roles: The roles that need to be performed/supported. An individ-
ual can perform more than one role. Note that we are redefining 
roles here. This is not an attempt to match up, say “UMCS Admin” 
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with specific tasks. Instead, this list of tasks defines the UMCS Ad-
min role. 

(2) -Item number: sequential numbering of items listed in the matrix. 
(3) -Ctr: Can this task be done by a contractor? 
(4) -Task: Short description of the task. 
(5) -Startup? Is there a “startup” cost associated with the task? Startup 

costs include the development of documents, procedures and pro-
cesses for example. Startup costs are not quantified here. 

(6) -Time Category: Each task includes an estimate of the amount of 
time required to support/perform the task. Some tasks are esti-
mated differently than others and therefore have different time cat-
egory units. These include: 
(a) hours/year 
(b) hours/new building per year 

i. hours/year per existing building 
ii. hours/year per person managed 
iii. hours/year per HVAC Tech 

9. UMCS Staff Organization within the DPW 
a. A glance at the roles and responsibilities for the UMCS Manager indi-

cates that it requires a greater level of responsibility and authority than 
the Energy Manager (whom it is often confused with). 

b. For a medium sized UMCS, the UMCS has a support staff consisting of: 
(1) UMCS Manager 
(2) UMCS Administrator (part-time FTE) 
(3) Technical Expert (part-time FTE) 
(4) UMCS Operators (perhaps five or more FTE) 
(5) System Integrator (or more likely, contract responsibility for the 

System Integrator) 
(6) Controls Technicians (two to five or more FTE) 
(7) (This works out to approximately a dozen FTEs, not counting the 

System Integrator.) 
c. The UMCS Manager must be able to influence other divisions within 

the DPW: 
(1) Engineering Division to ensure: 

(a) UMCS requirements are in design documents (in house and out 
of house) 

(b) Project submittals meet UMCS requirements 
(c) QA and commissioning procedures adequately check for UMCS 

requirements 
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(2) O&M Division to coordinate UMCS use and maintenance with 
O&M staff. This interaction is absolutely critical and its lack is one 
of the big stumbling blocks with many UMCS implementations. 
There is likely coordination with the service order process in the 
O&M division as well. 

(3) Master Planning Division to champion projects that make best use 
of the UMCS 

(4) Environmental Division to coordinate efforts to meet energy goals. 
10. As the person responsible for the UMCS, the UMCS Manager has authority 

to accept or reject BCS and UMCS project submittals and other work. 
11. The UMCS Manager must be able to work with NEC and should be at a 

sufficient level to interact directly with decision makers in the NEC. Be-
cause of their responsibility for contract approvals and the ability to com-
mit the Government, as well as their interaction with other DPW and NEC 
staff, the UMCS Manager must be a Government position. 

12. The UMCS Manager must be given responsibility for and authority over 
the UMCS, including related garrison processes (such as O&M and design 
standards for controls). Ideally, the UMCS Manager would be at a Division 
Chief level to facilitate interactions with other Division Chiefs in the DPW; 
however, staffing levels do not appear to justify a Division Chief position 
and creation of a new Branch is recommended. Placing the UMCS Man-
ager directly under the Director of DPW helps ensure that the UMCS Man-
ager can influence the other Divisions within the DPW without regard to 
answering to a particular Division Chief. 
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Appendix H: HVAC Controls Summary of Work 
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Appendix I: ECM Scope - FPT (Test Procedures) 

I.1 Test procedure: Air handling unit setpoint reset strategies 

This functional testing guidance is designed to aid in developing test pro-
cedures for a specific project by describing the steps involved in testing a 
particular system. The guidance should be adapted as necessary to address 
the configuration and performance requirements of the system being 
tested. Additionally, codes may require specific testing procedures that 
may not be addressed in this document. All tests based on this guidance 
should be reviewed carefully to ensure that they are complete and appro-
priate. 

I.1.1 Overview 

The objective of testing both the static pressure and discharge air tempera-
ture reset control strategies is two-fold: 

• To ensure the individual reset strategies function as intended; and 
• To minimize negative interaction between the two reset strategies. 

The intent of these control strategies is to reduce air handler capacity in 
ways that improve energy efficiency. During cooling mode, raising supply 
air temperature increases the number of hours the outdoor economizer 
can operate and reduces terminal reheat. On direct expansion air handlers 
it reduces compressor lift, improving energy efficiency. On air handlers 
with hydronic cooling coils it allows the chilled water temperature to be in-
creased, which increases chiller efficiency. However, when the supply air 
temperature is raised at a given condition, the fan speed will increase to 
compensate. 

Resetting duct static pressure keeps the duct static pressure only as high as 
is needed to satisfy the neediest zone, which saves fan energy. The static 
pressure and discharge air temperature reset control strategies compete 
for capacity control, and can have adverse interactions with each other and 
may not deliver the level of control or energy savings expected from the in-
dividual reset strategies. Common interactions are listed in the following 
table. 
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Table I-1.  Common interactions. 

Control Issue 
Decrease in Zone 

Loads Reset Strategy Action Interaction 

Zones with similar loads VAV box damper 
modulates closed 

Lower static pressure setpoint 
Increase discharge air 
temperature setpoint 

Increased discharge air temperature will drive VAV 
box damper open, driving static pressure back up. 
Supply fan may operate like constant volume 
system. 

Same control parameters 
(for example, VAV box 
damper position) 

VAV box damper 
modulates closed 

Lower static pressure setpoint 
Increase discharge air 
temperature setpoint 

Lower air flow and increased discharge air 
temperature will drive VAV box damper open. Open 
damper position will then cause static pressure 
setpoint to increase and discharge air temperature 
setpoint to decrease, driving static pressure back up. 
System control may become unstable. 

The following procedures will assist with: 

• Ensuring all system prefunctional checklists are complete prior to exe-
cuting system tests 

• Verifying static pressure reset control strategy operates as intended 
• Verifying discharge air temperature reset control strategy operates as 

intended 
• Evaluating interaction between the two reset strategies 

I.1.2 System description 

A central air handling and distribution system typically includes a wide ar-
ray of individual components, subsystems, or related systems, including: 
supply fan, variable frequency drives or inlet guide vanes to vary air flow, 
distribution ducts, VAV boxes, central heating, cooling, and pumping sys-
tems, control valves, temperature and pressure sensors, and safeties/inter-
locks. 

Many AHUs vary the amount of air delivered to the space being served de-
pending on zone loads. Typically as the primary air damper within individ-
ual VAV boxes modulate to meet the respective zone loads, the total 
amount of air delivered by the supply fan changes to either maintain a spe-
cific static pressure within the duct or discharge pressure within the sup-
ply fan. Often, the controlling static pressure setpoint (duct or discharge) 
is automatically reset up or down based on zone loads to minimize supply 
fan energy and still ensure proper air flow through the VAV boxes. 

I.1.3 DSPR control 

One option is to reset static pressure setpoint based zone cooling demand. 
The two most common parameters available from the VAV box controller 
that can be used to determine zone cooling demand are VAV box damper 
position and cooling loop output. VAV box damper position, if available 
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from the VAV box controller, may be the actual damper signal for modu-
lating actuators or an estimated position based on timing of open/close 
signals if floating actuators are used. In contrast, the cooling loop output is 
the actual output value used to calculate the intermediate air flow rate 
value that the VAV box is trying to achieve to satisfy zone temperature set-
point. Using VAV box damper position as an example, as zone loads are 
satisfied and VAV box dampers begin to shut, the static pressure setpoint 
will be lowered until a particular number of VAV box dampers are at a pre-
determined position. The reverse is true when zone loads increase and 
VAV box dampers begin to open up to cool the space. This control strategy 
requires that the system has full DDC control and feedback on VAV box 
damper position or cooling loop output. If DSPR control is being employed 
based on zone cooling demand , the location of the static pressure sensor is 
less critical than in a fixed setpoint application and may be located as far 
out in the system as possible. A good rule of thumb would be to install the 
pressure sensor 3/4 the way down a main distribution duct to ensure the 
system will still operate correctly should the reset control logic fail, as it 
would in the loss of the network controller. Note that individual sensors 
should be installed in each major branch coming off the main supply duct. 

I.1.4 Discharge air temperature reset control 

Another common control strategy is to reset the discharge air temperature 
(DAT) setpoint for an AHU. The intent of the control strategy is to adjust 
the DAT up and down to satisfy actual loads within the spaces served more 
effectively. This control strategy has the potential to minimize the heating, 
cooling, pumping and reheat energy associated with the conditioned air 
delivered to each zone during less-than-design operating conditions. How-
ever, supply fan energy may increase if a VAV box damper opens more to 
satisfy the load with warmer DAT from the central AHU. Common varia-
bles used for resetting DAT include, but not limited to: 

1. Outdoor air temperature 
2. VAV box damper position 
3. Deviation from zone temperature setpoint 
4. Cooling demand. 

Note, however, that resetting the DAT upward can impede the AHU’s abil-
ity to dehumidify the air and may not be appropriate where tight humidity 
control is required. Examples of the common control strategies are pro-
vided below. 
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I.1.4.1 Outdoor air temperature 

A common reset control strategy is to raise DAT setpoint when outdoor air 
is cold and lower the setpoint when it is warm. A typical reset schedule 
may be 65°F DAT @ 45°F OAT and 55°F DAT @ 60°F. This control strat-
egy is very effective if all zones have similar loads and are dependent on 
outdoor air temperature – like west-facing perimeter zones with the same 
lighting/equipment/occupancy loads. However, this strategy could be 
problematic if certain zones require cooling regardless of outdoor air tem-
perature. For example zones with high internal gains or general interior 
zones in large buildings. Resetting the DAT upward may cause critical 
zones to overheat and result in comfort issues. 

I.1.4.2 VAV box damper position 

An alternate reset control strategy is to adjust DAT based on VAV box 
damper position, if available from the VAV box controller. This signal may 
be the actual damper signal for modulating actuators or an estimated posi-
tion based on timing of open/close signals if floating actuators are used. As 
zone loads decrease and primary air dampers begin to close, the DAT is re-
set upward incrementally until one or more dampers reach a predeter-
mined position. As zone loads increase and primary air dampers modulate 
open, the DAT is then reset downward incrementally until all of the damp-
ers reach a predetermined position. The advantage of this control strategy 
is that DAT setpoint is continually adjusted based on actual zone loads. 
However, this method may cause control instability or comfort problems if 
the static pressure reset control strategy is also based on VAV box damper 
position. Refer to the Reset Strategy Interactions section below for an ex-
ample. 

In addition, either all or selected VAV boxes must be polled to execute the 
sequence. If the building has numerous VAV boxes and all boxes are 
polled, then the amount of data being transferred across the network can 
severely limit the speed or capacity the DDC system. If only selected boxes 
are polled, then extreme care must be taken when selecting the boxes to 
ensure comfort problems in non-selected zones are not created. 

I.1.4.3 Deviation from zone temperature setpoint 

Another common reset control strategy is to adjust DAT based on how far 
actual zone temperature is away from setpoint. As zone loads decrease and 
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actual zone temperature begins to drop below setpoint, the DAT is reset 
upward incrementally once a predetermined temperature deviation is 
reached. As zone loads increase and actual zone temperature begins to rise 
above setpoint, the DAT is reset downward incrementally once a predeter-
mined temperature deviation is reached. One advantage of this control 
strategy is that DAT setpoint is based on actual zone loads, but it may not 
be very effective if the zone temperature control loops for each VAV box 
keeps the respective zone under control before the reset control loop has a 
chance to be enabled. 

For example, the zone temperature control loop will modulate the primary 
air damper and reheat valve as zone loads raise and fall, respectively, to 
meet zone temperature setpoint. If this control loop is tuned properly, 
zone temperature should be fairly steady and may never reach the devia-
tion from setpoint necessary to trigger the DAT reset control strategy, un-
less zone loads exceed the cooling or heating capacity of the VAV box. One 
possible strategy would be to make the reset deviation tighter than the 
zone temperature loop, or allow the reset loop to execute faster than the 
zone temperature loop, so that resetting of the DAT occurs first and then 
the primary air damper and reheat valve will modulate as necessary to 
maintain zone temperature. 

Another disadvantage is that either all or selected VAV boxes must be 
polled to execute the reset sequence. If the building has numerous VAV 
boxes and all boxes are polled, then the amount of data being transferred 
across the network can severely limit the speed or capacity the DDC sys-
tem. If only selected boxes are polled, then extreme care must be taken 
when selecting the boxes to ensure comfort problems in non-selected 
zones are not created. 

I.1.4.4 Cooling demand 

A more effective reset control strategy is to adjust DAT based on the actual 
cooling demand for the respective zones being polled, as determined by 
the zone temperature control loop output signal. The control strategy is 
best described by the following example. Assume a single zone tempera-
ture loop output ranges between 0 and 200, with the output range of 0 to 
100 modulating the reheat valve from full open to fully closed (at mini-
mum air flow) and the output range of 100 to 200 modulating the primary 
air damper from minimum to maximum cooling air flow. The DAT reset 
control loop would start to lower the air temperature incrementally toward 
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the air temperature low limit to maintain the polled zone temperature loop 
output value at 125 as zone loads increased. Then, as zone loads decrease, 
raise the DAT setpoint incrementally toward the air temperature high limit 
to maintain the zone temperature loop output value at around 75. 

The advantage of this control strategy is that DAT setpoint is truly based 
on actual zone loads, and will have the least negative interaction with the 
static pressure reset strategy. But again, the primary disadvantage is that 
either all or selected VAV boxes must be polled to execute the reset se-
quence. If the building has numerous VAV boxes and all boxes are polled, 
then the amount of data being transferred across the network may limit 
the speed or capacity the DDC system. If only selected boxes are polled, 
then extreme care must be taken when selecting the boxes to ensure com-
fort problems are not created. 

I.1.5 Reset strategy Interactions 

Unfortunately, the static pressure and DAT reset control strategies can 
have adverse interactions with each other and may not deliver the level of 
control or energy savings expected from the individual reset strategies. For 
example, raising the DAT setpoint will tend to cause a VAV box damper to 
modulate open because warmer air is trying to satisfy the loads within the 
zone served. This in turn will cause the static pressure setpoint to be 
raised, increasing fan energy. This is best illustrated through an example: 

The zone cooling loads begin to decrease and all VAV dampers begin to 

close. The static pressure reset strategy will tend to lower the static pres-

sure setpoint and the supply fan will start to slow down to meet the new 

setpoint. At the same time, however, the reduced zone loads would also 

tend to cause the discharge air temperature to be reset upward. This will 

cause the VAV box damper to open since warmer air is being used to sat-

isfy zone loads, requiring more air to be delivered to the zone. As the 

dampers begin to open, the static pressure reset control loop will start to 

increase the static pressure setpoint and more air will be delivered to 

each zone. As zone loads increase, this sequence is reversed, but the bot-

tom line is that the central air handling unit will tend to operate like a 

constant volume system rather than a variable air volume system, with 

the air flow control benefits being negated. 
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Another possible negative interaction may occur if both reset strategies are 
based on the same parameter, for example VAV box damper position. This 
is best illustrated through the following example: 

As the load within a zone increases, the zone temperature control loop 

will drive the damper open. If damper position exceeds the limit set for 

each control strategy, this may cause both the discharge air temperature 

setpoint to be lowered and the duct static pressure to be increased at the 

same time (depending on how frequently each control loop is executed). 

As a result, more air flow at much lower temperature will be delivered, 

potentially overcooling the space. This in turn would cause the damper to 

modulate closed, and the reset strategies would then cause the tempera-

ture and pressure setpoints to swing in the other direction. Under some 

ambient conditions, the oscillation between overcooling and under-cool-

ing may persist for extended periods of time, resulting in comfort and 

control issues. 

To optimize system operation, it may be beneficial to evaluate which con-
trol strategy will generate the best reduction in energy use under different 
atmospheric conditions and building loads and modify control sequences 
as necessary. For example the heating, cooling, and reheat benefits associ-
ated with resetting DAT may far outweigh increased supply fan energy us-
age during winter and swing seasons, whereas static pressure reset may be 
optimal during warmer atmospheric conditions. Note that this assumes 
that the AHU serves VAV boxes with reheat and the VAV boxes provide 
zonal heating. If the system were served by fan-powered VAV boxes or pe-
rimeter fin tube heating, the temperature reset during winter may not be 
as effective as static pressure reset. An energy simulation may be necessary 
to determine which control strategy achieves the best energy performance 
and when each strategy should be implemented. Additional suggestions 
for minimizing negative interactions are found in Section 5. Note that any 
changes to design sequence of operations should always be approved by 
the engineer of record. Also many local code requirements have adopted 
standard ASHRAE 90.1-1999 and 2001, which requires a static pressure 
reset control strategy. There may be a potential code compliance issue if 
the static pressure reset is not implemented all of the time. 
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I.1.6 Sample tests 

The following tests were not created based on this test guidance but serve 
as a sample of similar tests. These are available at 
www.ftguide.org/ftct/testdir.htm. 

• Cooling AHU Functional Test. ID#: 289 
• Large Packaged Rooftop DX Unit Test. ID#: 302. 
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Test Procedure Outline 

1. Preparation 

1.1 Create a test form 

1.2 Determine acceptance criteria 

1.3 Provide instructions/precautions 

1.4 Specify test participants and roles/responsibilities 

2.  General Air Handling and Distribution System Inspection 

2.1 Review all prefunctional checklists for completeness 

3.  Static Pressure Reset Test Procedures 

3.1 Verify static pressure high limit setpoint 

3.2 Verify static pressure low limit setpoint 

3.3 Return system to normal operation 

4.  Discharge Air Temperature Reset Test Procedures 

4.1 Verify DAT high limit setpoint 

4.2 Verify DAT low limit setpoint 

4.3 Return system to normal operation 

5.  Identifying Control Strategy Interactions 

5.1 Trend reset control strategies 

5.2 Consider modifying control strategy to minimize negative interaction 
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Test Procedure 
1. Preparation 

1.1 Create a test form. Testing will be easier if the test procedure is 
thought through and documented before conducting the test. Devel-
oping a test form will assist in data collection and subsequent evalua-
tion. 

1.2 Determine acceptance criteria. Both the discharge temperature set-
point and duct static pressure setpoint should be reset between their 
minimum and maximum setpoint values based on the respective con-
trol variable (i.e., outdoor air temperature, damper position, cooling 
load, etc.) and the system should meet these setpoints without exces-
sive hunting. In addition, interaction between the two reset strategies 
should be evaluated through trending, resulting in modified sequences 
if the control strategies begin to “fight” each other. 

 Note: “Without excessive hunting” signifies that after a moderate per-
turbation the controlled variable (duct static pressure) comes into and 
remains within the control deadband within four cycles (one cycle is 
one over shoot and one undershoot). 

1.3 Provide instructions/precautions. If performing the tests while the 
building is partially occupied or the systems are operating temporarily 
to provide space conditioning, bear in mind that the test procedures 
may potentially impact zone comfort. If a test fails, the source of the 
failure should be identified and conveyed to the proper authority. The 
system will be retested once the repairs are complete. 

1.4 Specify participants and roles/responsibilities. The testing guidance 
provided in this document can assist in verifying proper system per-
formance in both new construction and existing building applications. 
The following people may need to participate in the testing process. 
Refer to the Functional Testing Basics section of the Functional Test 
Guide for a description of the general roles and responsibilities of the 
participants. These roles and responsibilities should be customized 
based on actual project requirements. 

New Construction Project Existing Building Project 

Commissioning Provider Commissioning Provider 
Mechanical Contractor Building Operating Staff 
Control Contractor Controls Contractor 
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2. General Air Handling and Distribution System 
Inspection 

2.1 Review all prefunctional checklists for completeness. Prior to perform-
ing any functional tests, the commissioning pre-start, startup, and 
prefunctional checklists should be completed, as well as applicable 
manufacturer’s pre-start and startup recommendations. Prefunctional 
checklists include, but are not limited to, the following: 

• Supply fan spins in the right direction and is free of unusual noise 
and vibration. 

• Supply fan belt tension, alignment, and condition is okay (if appli-
cable). 

• Duct installation associated with the AHU being tested is com-
plete. If interior duct liner is used, the exposed ends are properly 
sealed. 

• All terminal units associated with the AHU being tested have been 
functionally tested and are capable of serving normal operating 
loads. 

• Respective heating, cooling, and pumping systems associated with 
the AHU being tested have been functionally tested and are capa-
ble of serving operating loads. 

• Water and air systems have been balanced per design. 

• All control sensors (i.e., temperature, pressure, etc.) have been in-
stalled and calibrated. 

• All safeties and interlocks have been tested and are operational. 

• All sequence of operations have been programmed per design. 
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3. Duct Static Pressure Reset Test Procedures 
3.1 Verify static pressure high limit setpoint. Before testing the static pres-

sure reset strategy, disable the DAT reset to eliminate any interaction 
between the two control strategies (interaction will be handled sepa-
rately). Regardless of the static pressure reset control strategy em-
ployed (duct or discharge), drive all of the VAV box dampers fully 
open by either commanding each damper to full cooling or by lower-
ing zone temperature setpoint to 15°F below current space conditions. 
Both will simulate a cooling load on the space and result in the VAV 
boxes being driven to full cooling positions. As the primary air damp-
ers open, duct static pressure should drop and the controlling static 
pressure setpoint should reset upward incrementally until the high 
limit is reached. 

Check the following: 

3.1.1 Static pressure setpoint does not exceed high limit value. 

3.1.2 Supply fan ramps up close to full speed (or the speed reported 
by the balancer as necessary to meet design flow). 

3.1.3 Static pressure reported in the BAS meets setpoint without ex-
cessive hunting. 

3.2 Verify static pressure low limit setpoint. Continuing from above, drive 
all of the VAV box dampers to minimum flow position by either com-
manding each damper to minimum damper position or by raising 
zone temperature setpoint to 15°F above current space conditions. 
Note that some VAV boxes may be programmed to increase air flow 
above the minimum flow setting to satisfy a maximum heating load. If 
raising space temperature setpoint to drive the VAV boxes to mini-
mum flow position, first verify that maximum heating flow setpoint is 
the same as the minimum flow value. Adjust system setpoints as nec-
essary. As the primary air dampers close, duct static pressure should 
increase and the controlling static pressure setpoint should reset 
downward incrementally until the static pressure low limit is reached, 
or all zones are satisfied. 

Check the following: 

3.2.1 Static pressure setpoint does not exceed low limit value. 

3.2.2 Supply fan should ramp down. 
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3.2.3 Supply fan Variable Frequency Drive (VFD) speed should not 
drop below minimum speed recommended by VFD, fan, or 
motor manufacturers. Minimum speed can range between 
10 Hz and 20 Hz, depending on the type of fan installed. Cen-
trifugal fans can typically operate at the lower end of the range 
whereas axial fans may require higher minimum speeds. 

3.2.4 Measured static pressure meets setpoint without excessive 
hunting. 

3.3 Return system to normal operation. Return system to normal operating 
conditions by removing all overrides and adjusting all setpoints to val-
ues specified in the design sequence of operations. 
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4. Discharge Air Temperature Reset Test Proce-
dures 

4.1 Verify DAT high limit setpoint. Before testing the DAT reset strategy, disa-
ble the static pressure reset to eliminate any interaction between the two con-
trol strategies (interaction will be handled separately). The way to simulate a 
low load condition to trigger the DAT reset control strategy depends on the 
specific control strategy employed. Test procedures for each control strategy 
are outlined below. 

Outdoor Air – Overwrite the outdoor air temperature value to be at 
the low-end of the reset schedule. 

Damper Position – Either command VAV box dampers to a minimum 
position or adjust zone temperature setpoint to 5°F above actual zone 
temperature. 

Deviation from Setpoint – Adjust zone temperature setpoint as neces-
sary so that the deviation from setpoint is adequate to trigger the con-
trol sequence. 

Cooling Demand – Adjust zone temperature setpoint to 5°F above ac-
tual zone temperature. 

These steps will simulate a decrease in zone cooling loads, which 
should result in resetting the DAT upward incrementally until the 
high limit is reached. 

Check the following: 

4.1.1 DAT setpoint does not exceed high limit value. 

4.1.2 DAT meets setpoint without excessive hunting. 

4.2 Verify discharge air temperature low limit setpoint. Continuing from 
above, the procedure to simulate a high load condition for each con-
trol strategy is outlined below. 

Outdoor Air – Overwrite the outdoor air temperature value to be at 
the high-end of the reset schedule. 

Damper Position – Either command VAV box dampers to a maximum 
position or adjust zone temperature setpoint to 5°F below actual zone 
temperature. 

Deviation from Setpoint – Adjust zone temperature setpoint as neces-
sary so that the deviation from setpoint is adequate to trigger the con-
trol sequence. 
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Cooling Demand – Adjust zone temperature setpoint to 5°F below ac-
tual zone temperature. 

These steps will simulate an increase in zone cooling loads, which should re-
sult in resetting the DAT downward incrementally until the low limit is 
reached. 

Check the following: 

4.2.1 DAT setpoint does not exceed low limit value. 

4.2.2 Measured DAT meets setpoint without excessive hunting. 

4.3 Return system to normal operation. Return system to normal operating 
conditions by removing all overrides and adjusting all setpoints to val-
ues specified in design sequence of operations. 
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5. Identifying Control Strategy Interactions 
5.1 Trend reset control strategies. As discussed in the Reset Strategy Inter-

actions section, it is not unusual for these two reset strategies to coun-
teract one another and result in unstable control. The best way to de-
termine if individual reset control strategies are working properly un-
der normal operating conditions and to identify possible negative in-
teractions between the static pressure and DAT resets is through trend 
analysis of all polled terminal boxes for a given air handler. A trend 
sample rate of no more than 5 minutes is necessary to detect opera-
tional problems like hunting and excessive cycling. Typically the inde-
pendent variable (for example, VAV box damper position for static 
pressure reset or zone temperature control loop output for DAT reset) 
is plotted along the X-axis and the control variable (static pressure or 
DAT setpoint) is plotted on the Y-axis. Figure I-1 illustrates what the 
plot may look like to verify correct operation of a DAT reset control 
strategy. 

Figure I-1.  Example Discharge Air Temperature Trend Plot 

 

Another trend plot that can assist in identifying reset interactions is the actual 
speed of the supply fan (assuming the supply fan is controlled by a VFD) 
over time. If the supply fan speed remains fairly constant (especially if zone 
loads are known to vary) or seems to be constantly fluctuating, then the two 
reset strategies may be fighting each other. 
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5.2 Consider modifying control strategy to minimize negative interaction. 
To minimize negative interaction between the DAT reset and static 
pressure reset strategies, one option is to enable the DAT reset strat-
egy and disable the static pressure reset strategy (i.e., maintain fixed 
static pressure setpoint) when atmospheric conditions are colder, and 
disable the DAT reset strategy (i.e., maintain fixed DAT setpoint) and 
enable the static pressure reset strategy when atmospheric conditions 
are warmer. 

• Colder Conditions: The intent is to minimize the amount of simul-
taneous heating and cooling during the winter, avoid overcooling 
internal zones that may not have reheat capability, and maximize 
energy savings in both the chilled and hot water plants. While true 
that supply fan energy savings will be sacrificed, the energy saved 
at the central plant should far outweigh the lost fan energy sav-
ings. Note that fan energy usage can be minimized if the fixed 
static pressure setpoint is as low as possible to satisfy all zones. 
Experimentation may be required to determine the optimum static 
pressure setpoint. 

• Warmer Conditions: Holding a constant DAT during warmer 
weather will improve space temperature and humidity control and 
allow for maximum supply fan energy savings as zone loads vary 
and VAV dampers modulate. 

A method for implementing such a control strategy is to have two independ-
ent control loops that become enabled and disabled based on outside air tem-
perature. A reasonable outdoor air temperature for a changeover between 
control strategies may range between 70°F and 75°F. In this range, the econ-
omizer will be able to offset more chiller load at the higher DAT setpoint 
during cooler ambient conditions. Above this range, the economizer provides 
minimal benefit, most zones will probably not require any reheat, and humid-
ity control will be improved by maintaining a fixed DAT setpoint. It may 
take some experimentation to determine the optimum outside air temperature 
changeover point. 
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I.1.7 Functional performance test air-side economizer 

Date:     
      
Building Name:    Testing Agent:  
Address      
    Assisted by:  
Phone:      
      
Equipment Name      
Manufacturer      
      
ECM No.  ECM Name:  New/Retrofit:  

      

 
Unit ID  AHU ID  Size (tons)  Zone 

1       
2       
3       
4       

 
Documentation. Installation and user’s manuals on site (Y/N)?______ 
 
Installation. Note any anomalies about the installations. 
_______________________________________________________________________ 
_______________________________________________________________________ 
 
Space and Outside Air (OSA) temperature sensors have been calibrated and OSA sen-
sor located in open air, shaded, but not enclosed (where there may be heat buildup from 
the sun).  
(Y/N)?______ 
 

Control Sequence Tests 
  Unit 1  Unit 2  Unit 3  Unit 4 

General Information         
1. What is current space temperature setpoint? Cooling:         
 (enter: occupied/unoccupied) Heating:         
2. Economizer characteristics:         
 Sensor type: DB = dry-bulb, dH = enthalpy         
 Integrated: ( Y/N )         
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  Unit 1  Unit 2  Unit 3  Unit 4 
 Controls: PK = packaged only, EMS* = all control by 

EMS, PK+ = settings by package; enabled by EMS: 
        

 Dampers: How many positions is the damper system 
capable of, including when OFF (step positions: 
closed, minimum and full open)? Enter two, three or 
infinite. 

        

3. What type of building pressure relief is there? 
(FL = fixed link to OSA damper, BD = barometric RA 
damper, EF = exhaust fan) 

        

4. What are the current economizer setpoints (changeo-
ver temperatures)? 

        

 (If OSA is below this, econ. will open) Package setting:         
 (PK+ types will have both settings) EMS enable pt.:         
         
Mode 1. Test Damper Position in AHU OFF Status 
1. Turn unit OFF. 

2. Are dampers completely shut? OSA:         
  Relief:         
3. Is return damper at maximum open?         
 Does the system comply in this mode?         
         
Mode 2. Test Damper Position With AHU in ON Status; Compressor (or coil 
valve) and Econ. OFF 
1. Turn cooling setpoint to 85 °F. 
2. Turn heating setpoint to 60 °F. 
3. Turn unit ON. 
4. Are dampers at a minimum? OSA:         
  Relief:         
5. Is return air damper at maximum open?         
6. NO in either of the above two questions denotes non-

compliance. 
Does the system comply in this mode? 

        

         

                                                   
* Energy Management System (EMS) 
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  Unit 1  Unit 2  Unit 3  Unit 4 
Mode 3. Test Dampers in First Stage of Cooling (Econ. ON, Compressor or coil 
valve ON or OFF) 
1. Adjust economizer setpoint or EMS OSA temperature values so economizer will turn on if cooling is 

called for. 
 
 For DB economizers, OSA temp. must be, or be simulated to read by keyboard edit in EMS, below 

the economizer setpoint and above any discharge air (DA) low limit (usually ~55°F if used). If OSA is 
too hot or too cold and there is no EMS system, use a wet rag or hair blower on OSA sensor OR 
come back at a time when OSA is appropriate, OR use jumper method of testing, OR use “canned” 
automatic testing sequence in unit, if any. The last two methods give only a partial assurance that the 
economizer is functioning. For enthalpy type economizers, locate the enthalpy of the space air and 
the OSA on a psychometric chart. Simulate conditions for either so that the OSA has less enthalpy 
than the inside air or use alternate methods above. 

 
Describe method used: 
2. Adjust cooling setpoint or space temp. until setpoint is 1°F below space temp. for integrated econo-

mizers (deadband + 1° for integrated types). Record: 
3. Cooling set point:         
4. OSA temperatures (actual or simulated, circle): DB:         
  (for enthalpy types) Wet bulb:         
5. Space temperature (actual or simulated, circle): DB:         
 (for enthalpy types) Wet bulb:         
6. Do dampers open properly? 
 Full open for dry-bulb econ., partial for enthalpy type. If 

OSA: 

        

 OSA is below a functioning DA low limit, OSA damper will 
not be full open. Integrated economizers may not open full or 
at all in cold weather) Relief: 

        

7. Is return air damper closing proportionately?         
8. Any NO answers in the above two questions denote 

noncompliance. 
 Does the system comply in this mode? 

        

         
Mode 4. Test if Economizer Is Integrated (Economizer ON, Compressor  
[or Coil Valve] ON) 
1. Continuing from Mode 3, did compressor come on? 

(It is best if it does not) 
        

2. If compressor does not come on, lower cooling set-
point 2° at a time (or raise space temp.) until compres-
sor comes on. (circle action taken) 

        

3. What is the temp. of the changed parameter?         
4. Do dampers stay open and not at min.? OSA:         
 (If Yes, its integrated) Relief:         
 Is RA proportionately closed? RA:         
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  Unit 1  Unit 2  Unit 3  Unit 4 
5. Any NO answers in the last question denote noncom-

pliance. 
Does the system comply in this mode? 

        

         
Mode 5. Test if Dampers Go to Minimum When OSA is Above Economizer Set-
point 
1. Return economizer settings to original, if changed. 
 
2. For DB type, lower econ. setpoint or heat up OSA sensor, or simulate OSA in EMS, until the OSA is 

1°F above the economizer setpoint or changeover temperature. For enthalpy types, change condi-
tions so that the space enthalpy on the psychometric chart is lower than the OSA enthalpy.  If 
dampers do not close, increase OSA temp. until they do. 

3. Do dampers close to minimum? OSA:         
 Relief:         
4. Does the RA damper open to maximum?         
5. What are the OSA temperatures being used to cause 

damper closure (this may be a real or simulated 
value)? DB: 

        

 (for enthalpy types) Wet bulb:         
6. Is the OSA DB temperature being used, within 2° of 

what the economizer setpoint said it should be? 
(use psychometric chart and manufacturers’ specs for 
enthalpy types) 

        

7. For DB types, is this OSA temperature between 2-5°F 
below space temp. setpoint? 
(the economizer should be set so it will open only be-
low an OSA temp. of between 2-5°F below space set-
point) 

        

8. Any NO answers in the above five questions denote 
noncompliance. 

Does the system comply in this mode? 

        

         
Mode 6. Test if Dampers Go to Min. When Mixed Air Temp. (MAT) is Below Min. 
Setting 
1. Cool down MAT sensor, or simulate MAT in EMS, until it is below the MAT setting. (~45-55°F) 
2. Do dampers close to minimum? OSA:         
  Relief:         
3. Does the RA damper open full?         
4. What is the MAT temperature being used to cause 

damper closure (this may be a real or an EMS simu-
lated value)? 

        

5. Is the MAT temperature being used within 2° of what 
the specs say the setpoint temperature should be? 

        

6. Any NO answers in the above three denote noncom-
pliance. 
Does the system comply in this mode? 
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  Unit 1  Unit 2  Unit 3  Unit 4 
         

 

Restore all adjustments to their original settings, unless desired as a per-
manent change. Make a permanent mark on any economizer local control-
lers showing where the appropriate setting should be. Y/N ______ 

Abbreviations: SA = supply air, RA = return air, DA = discharge air, OSA = outside 
air, EMS = energy management system 

I.1.8 Test procedure: Demand-controlled ventilation 

This functional testing guidance is designed to aid in developing test pro-
cedures for a specific project by describing the steps involved in testing. 
The guidance should be adapted as necessary to address the control se-
quences, configuration, and performance requirements of the particular 
system being tested. Additionally, codes may require specific testing pro-
cedures that may not be addressed in this document. All tests based on 
this guidance should be reviewed carefully to ensure that they are com-
plete and appropriate. 

I.1.8.1 Overview 

A DCV control strategy adjusts the quantity of outdoor ventilation air sup-
plied to a zone by a central AHU based on the ventilation rate required to 
provide adequate indoor air quality. A significant amount of heating and 
cooling energy can be saved by supplying just enough ventilation air to sat-
isfy zone load requirements. The objective of testing the DCV control strat-
egy is to ensure that outdoor ventilation air is adjusted as necessary to 
meet zone loads as they vary with time. The following procedures will as-
sist with: 

• Ensuring all system prefunctional checklists are complete prior to exe-
cuting system tests 

• Verifying DCV control strategy operates as intended for both constant 
and VAV zones and air handling systems 

• Verifying zone minimum ventilation air requirements are met under 
varying operating conditions 

• Verifying that zone DCV control strategy interacts with zone terminal 
units and AHUs’ economizer control sequence correctly 
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I.1.8.2 Control strategy considerations 

The amount of outdoor air that must be included in the supply air stream 
is generally determined by a combination of varying and non-varying fac-
tors. 

I.1.8.3 Non-varying requirements: 

• Make-up requirements for direct exhaust from the zone(s) served 
• Design excess air for building pressurization 
• Amount of air necessary to dilute non-occupant sources of contami-

nants (i.e., glues, solvents, cleaning solutions, carpeting, fabrics and 
materials, office equipment, water vapor and other particulates) 

I.1.8.4 Varying requirements: 

• Amount of air necessary to dilute occupant-based contaminants like 
bio-effluents (i.e., body odors) 

I.1.8.5 Non-varying outdoor air requirements 

For most building types, the amount of outdoor air necessary for exhaust 
make-up and design excess air for building pressurization are fixed values 
that do not vary over time. The off-gassing from materials like carpets, 
fabrics, adhesives, and furnishings will initially be very high when the 
building is new, but typically decrease to a much lower steady-state (i.e., 
fixed) emission rate over time as the building ages. In addition, odors and 
contaminants from cleaning products and solvents, office equipment and 
materials, or off-gassing from new products (merchandise in a retail store 
for example), may not vary over time and require a constant volume of 
outdoor air to maintain adequate indoor air quality. The sum of these 
three variables will set the base minimum ventilation requirement for the 
system. Note however, if the quantity of direct exhaust air exceeds the de-
sign, non-occupant pollutant air flow rate, it will not be necessary to intro-
duce any additional ventilation air into the supply air other than the 
amount needed to offset the air exhausted from the building. 

I.1.8.6 Varying outdoor air requirements 

The amount of air necessary to dilute occupant-based contaminants varies 
with the number of occupants and their activity levels. The total design 
minimum ventilation rate is the sum of the base minimum ventilation rate 
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(described above) and the occupant-based ventilation requirements. The 
base minimum ventilation rate is typically about 20% to 30% of total de-
sign minimum ventilation. Most building codes and standards require that 
minimum ventilation flow rate be adequate to satisfy a design occupant 
load and typically refer to meeting ASHRAE Standard 62.1-2004 require-
ments. However, design occupant load is rarely achieved under normal 
building operation. Hence, buildings tend to be over-ventilated, which 
wastes a significant amount of energy over time. In response, DCV is be-
coming more widely accepted across the HVAC industry because it varies 
the amount of outdoor air provided depending on demand within the 
building. 

I.1.8.7 Demand for ventilation in zones 

It is exceedingly difficult, if not impossible, to directly measure the de-
mand for outdoor air. Some control strategies may vary ventilation air flow 
rate based on whether particular zones are occupied via occupancy sen-
sors. If various zones are unoccupied, the ventilation rate can be reduced. 
Once the zone is occupied, the ventilation rate would most likely be in-
creased to design ventilation air flow requirements regardless of whether 
the zone is at design occupancy. This control strategy can be effective but it 
is not optimum since the ventilation air flow rate is not varied based on ac-
tual demand with the respective zones. 

The most common parameter used to estimate actual demand is the con-
centration of carbon dioxide (CO2) within respective zones. CO2 is gener-
ated by humans at varying rates based on age, diet, and physical activity. 
When the ventilation rate per occupant is low, the concentration of con-
taminant gases and particulates, as well as CO2, begin to build up within 
the space. Although carbon dioxide is not considered a contaminant at the 
concentration levels typically found in most buildings, a high CO2 concen-
tration indicates insufficient ventilation. And since the concentration of 
CO2 gas is easily measured, it can be used to vary the ventilation rate to 
maintain acceptable indoor air quality. 

I.1.8.8 Appropriate CO2 setpoints 

Building codes and standards typically require that a specific outdoor ven-
tilation air flow rate (in cubic feet per minute (CFM)/person) be provided 
to a building based on the occupancy category of the zone(s) being served. 
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For example, ASHRAE Standard 62.1-2004 stipulates an overall ventila-
tion rate of 17 CFM/person for an office environment to dilute both occu-
pant-based human bio-effluents and non-occupant-based contaminants 
generated within the space. The mass balance method outlined in Appen-
dix C of ASHRAE Standard 62.1-2004 demonstrates that a steady-state 
CO2 concentration of approximately 700 parts-per-million (PPM) above 
the concentration in the outdoor air (typically ranging between 300 PPM 
and 500 PPM), is equivalent to a ventilation rate of approximately 
15 CFM/person. To be conservative and account for variations among peo-
ple and activity levels, maintaining an absolute CO2 concentration setpoint 
ranging between 900 PPM and 1100 PPM within the zones served by each 
AHU will provide adequate ventilation for the typical office. Refer to Ap-
pendix C of ASHRAE Standard 62.1-2004 for a detailed derivation and ra-
tionale for minimum ventilation requirements based on CO2 concentra-
tion. Additional analysis may be necessary to ensure adequate indoor air 
quality as well as satisfy applicable codes and standards if the activity 
level, ventilation rate, or outdoor CO2 concentration for a specific project 
is different than the mass balance calculation outlined in Appendix C of 
ASHRAE Standard 62.1-2004. 

I.1.8.9 Constant volume system considerations 

A demand-based ventilation control strategy can be applied to both con-
stant volume and VAV air handling systems. In a constant volume applica-
tion, the outdoor air dampers are typically modulated between the base 
minimum and design minimum ventilation flow rates to maintain a CO2 
concentration setpoint, which is a fairly simple control strategy to imple-
ment. 

Note that the economizer control loop will interact with the DCV control 
loop. Whichever control loop is calling for the highest amount of outdoor 
air should take precedence. For example if the economizer loop is driving 
the outdoor air dampers open to provide free cooling, the dampers should 
not close because zone CO2 concentrations are below setpoint. In contrast, 
the outdoor air dampers should be driven toward the design minimum 
ventilation flow rate if any zone CO2 concentration exceeds setpoint even if 
free cooling is neither available nor needed (i.e., economizer is locked out 
or the economizer loop output signal is zero). This control strategy is illus-
trated in Figure I-2. 
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Figure I-2.  Outdoor Air Damper Control with Demand-controlled Ventilation 

 

I.1.8.10 Variable air volume system considerations 

In a VAV system, the minimum air flow rate delivered by an individual 
VAV box to its respective zone is typically based on providing adequate 
ventilation for the occupants within that zone. The overall minimum out-
door air flow rate added to the supply air stream at the central AHU is de-
termined by the ventilation requirements of all the zones served. Hence as 
building occupancy varies within each zone, the individual VAV box 
damper as well as the central AHU outdoor air damper can be adjusted to 
satisfy ventilation requirements based on CO2 concentration. 

I.1.8.11 VAV box control 

When the CO2 concentration for an individual zone is below setpoint, the 
minimum ventilation flow rate setpoint for that VAV box is reset to its 
base minimum ventilation flow rate value. As occupancy increases and the 
CO2 concentration within the zone begins to rise above setpoint, the mini-
mum ventilation flow rate setpoint is reset upwards toward its design min-
imum ventilation flow rate value to satisfy the CO2 setpoint. 
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Note that CO2 concentration only impacts the minimum ventilation flow 
rate setpoint for the VAV box. Actual flow rate delivered by the VAV box to 
the zone will be controlled based on maintaining zone temperature set-
point. Typical VAV box control is illustrated in Figure I-3. Also keep in 
mind that the base minimum ventilation flow rate value for a VAV box is 
dependent on the minimum flow rate to which the particular VAV box can 
be controlled, as well as any specific operating requirements. For example, 
the minimum air flow rate necessary for an electric reheat element to be-
come and remain enabled may exceed the minimum flow determined by 
the DCV control loop. In this case, the CO2 control loop output may be 
overridden if the zone is calling for heat. 

Figure I-3.  VAV box control with demand-controlled ventilation. 

 

I.1.8.12 AHU Outside air damper control 

Control of the outdoor air damper in a VAV system is very similar to that 
of a constant volume system. The outdoor minimum ventilation setpoint is 
at the base minimum ventilation flow rate value until one VAV box is at its 
design minimum ventilation flow rate value and zone CO2 concentration 
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continues to rise. At this point, the outdoor air ventilation setpoint will be 
reset upwards toward the design minimum ventilation flow rate value and 
the outdoor air damper will modulate open. 

As with a constant volume system, CO2 concentration only impacts the 
minimum ventilation flow rate. The economizer control loop takes prece-
dence over the DCV control loop (refer to Error! Reference source not 
found.). However, resetting the minimum damper position in a VAV sys-
tem is significantly more complicated than in a constant volume system 
depending on the actual control strategy employed to regulate outdoor air 
intake (common control strategies include fan tracking, flow tracking, di-
rect flow measurement, mixed plenum pressure, injection fan, and energy 
balance method). Due to the increased complexity of the control se-
quences, some designers may opt for just controlling the VAV box and 
leave the minimum ventilation setpoint for the air handler fixed at the de-
sign minimum value. 

An example operating sequence for controlling both the VAV box and out-
door air damper in a VAV system is illustrated below. 

The minimum ventilation flow rate setpoint for each VAV box is at its re-

spective VAV base minimum ventilation flow rate value when zone CO2 

concentration is below setpoint. The minimum outdoor ventilation flow 

rate setpoint for the central air handling unit is at the AHU base mini-

mum ventilation flow rate value when ALL zone CO2 concentrations are 

below setpoint. As an individual zone CO2 concentration increases above 

setpoint, the minimum ventilation flow rate setpoint for that VAV box is 

reset linearly from the VAV base minimum to VAV design minimum ven-

tilation flow rate value as the CO2 control loop output value ranges be-

tween 0% and 50%. The minimum outdoor ventilation flow rate setpoint 

at the central air handling unit remains at the AHU base minimum venti-

lation flow rate value. If the CO2 control loop output value for ANY zone 

exceeds 50%, the minimum outdoor ventilation flow rate setpoint is reset 

linearly from the AHU base minimum to AHU design minimum ventila-

tion flow rate value as the CO2 control loop output value ranges between 

50% and 100%. 

The control strategy is graphically represented in Figure I-4. 
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Figure I-4.  VAV box and AHU outdoor air damper control. 

 

I.1.8.13 Sensor location 

Regardless of system type, location of the CO2 sensor can significantly im-
pact overall control and system performance. Examples of the common lo-
cations are provided below. 

• Return Air CO2 Measurement. A common strategy is to install a single 
CO2 sensor in the return air stream of the AHU. This method can be ef-
fective if the unit is serving large open spaces where concentration lev-
els are uniform across the entire zone – for example large office spaces, 
theaters, lecture halls, classrooms, or churches. It will be less effective 
if the unit serves multiple spaces, especially if some are enclosed with 
the potential for temporary high occupancy loads (i.e., conference 
rooms, lunch rooms, assembly areas, etc.). The reason is that transient 
CO2 concentration in these zones may exceed safe limits, but the venti-
lation rate might not be adjusted if total return air concentration is be-
low setpoint (due to dilution from other over-ventilated zones). This 
method is also ineffective at controlling minimum ventilation rates at 
the zone level in VAV applications. 
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• Critical Zone(s) CO2 Measurement. An alternate method is to install 
CO2 sensors in all of the critical zones served by the central AHU. The 
critical zone(s) can be any enclosed space with the potential for tempo-
rary high occupancy loads. The local sensor(s) will ensure that the ven-
tilation rate is adjusted as necessary to meet the requirements of the 
zone with the highest concentration, and the general return air sensor 
can be used to set overall minimum ventilation rates or control VAV 
boxes serving “open areas,” especially if the building is in partial use 
during unoccupied periods. This method will be more expensive since 
additional sensors, wiring, and control points must be installed. In ad-
dition, the control sequences will require additional programming, but 
will yield better indoor air quality. This is the recommended control 
option for multizone constant volume systems and VAV air handling 
systems. 

I.1.9 Test conditions 

The test can be performed under any condition. Care should be taken 
when verifying economizer interaction if the outdoor air temperature is 
below freezing. Ensure the freezestat or similar safety/interlock is func-
tioning correctly to protect the AHU during the test. The test can be per-
formed regardless of building occupancy. 

I.1.10 Test equipment 

The following equipment may be necessary to conduct this test procedure. 

• Cylinder with a known concentration of CO2 to calibrate sensor 
• Air flow measurement device (Shortridge, anemometer, etc.) 
• Digital temperature measurement device 



ERDC/CERL TR-17-15 108 

Test Procedure Outline 

Preparation 

1.1 Create a test form 

1.2 Determine acceptance criteria 

1.3 Provide instructions/precautions 

1.4 Specify test participants and roles/responsibilities 

General System Inspection 

2.1 Review all prefunctional checklists for completeness 

DCV Test Procedures – Constant Volume Systems 

3.1 Verify base minimum outdoor air ventilation flow rate 

3.2 Verify design minimum outdoor air ventilation flow rate 

3.3 Verify economizer interaction 

3.4 Return system to normal 

DCV Test Procedures – Variable Air Volume Systems 

4.1 Verify base minimum VAV box ventilation flow rate 

4.2 Verify design minimum VAV box ventilation flow rate 

4.3 Verify base minimum AHU outdoor air ventilation flow rate at re-
duced supply fan speed 

4.4 Verify base minimum AHU outdoor air ventilation flow rate at full 
supply fan speed 

4.5 Verify design minimum AHU outdoor air ventilation flow rate at re-
duced supply fan speed 

4.6 Verify design minimum AHU outdoor air ventilation flow rate at full 
supply fan speed 

4.7 Verify economizer interaction 

4.8 Return system to normal 
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Test Procedure 

1. Preparation 

1.1 Create a test form. Testing will be easier if the test procedure is 
thought through and documented before conducting the test. Devel-
oping a test form will assist in data collection and subsequent evalua-
tion, as well as allow less experienced staff to execute the test. 

1.2 Determine acceptance criteria. In a constant volume system, the out-
door air minimum ventilation setpoint should be reset between the 
base minimum and design minimum ventilation flow rate values to 
maintain CO2 concentration setpoint. For VAV systems, each VAV box 
minimum ventilation setpoint should be reset between its respective 
base minimum and design minimum ventilation flow rate values to 
maintain zone CO2 concentration setpoint. In addition, the outdoor air 
minimum ventilation setpoint may also be reset between the base 
minimum and design minimum ventilation flow rate values based on 
the zone with the highest CO2 concentration. All measured flow rates 
should be within ±10%* of setpoint. Flow measurements can be made 
by many methods including but not limited to duct traverse, measur-
ing air velocity across intake, reading measurements from installed 
flow meters (if factory or field calibrated), or using a hand-held flow 
device like a hot-wire anemometer. 

1.3 Provide instructions/precautions. If performing the test during sub-
freezing atmospheric conditions, ensure proper care is taken to pre-
vent freezing of the coil(s) when verifying economizer interaction. Be 
sure to have an emergency “exit” strategy in place should the test need 
to be aborted prior to completion. If a test fails, the source of the fail-
ure should be identified and conveyed to the proper authority. The 
system should be retested once the repairs are complete. 

1.4 Specify participants and roles/responsibilities. The testing guidance 
provided in this document can assist in verifying proper system per-
formance in both new construction and existing building applications. 
At a minimum, the following people should participate in the testing 
process. Refer to the Functional Testing Basics section of the Func-
tional Test Guide for a description of the general role and responsibil-
ity of the respective participant throughout the testing process. The 

                                                   
* note the 10% value is from California Title 24 acceptance testing requirements 
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roles and responsibilities should be customized based on actual pro-
ject requirements. 

New Construction Project Existing Building Project 

Commissioning Provider Commissioning Provider 
Mechanical Contractor Building Operating Staff 
Control Contractor Controls Contractor 

2. General System Inspection 
2.1 Review all prefunctional checklists for completeness. Prior to perform-

ing any functional tests, the commissioning pre-start, startup, and 
prefunctional checklists should be completed, as well as applicable 
manufacturer pre-start and startup recommendations. 

Prefunctional checklists include, but are not limited to, the following: 

• CO2 sensor(s) has either calibration certificate from the manufac-
turer or is field calibrated 

• Sensor(s) is installed per the location specified on the plans 

• All AHU(s) being tested have been functionally tested and are ca-
pable of serving normal operating loads 

• All terminal unit(s) being tested have been functionally tested and 
are capable of serving normal operating loads 

• Air system has been balanced per design 

• All safeties and interlocks have been tested and are operational 

• All sequence of operations are programmed per design 

3. DCV Test Procedures – Constant Volume Sys-
tems 

3.1 Verify base minimum outdoor air ventilation flow rate. Prior to per-
forming the test, disable the economizer control loop to prevent un-
wanted interaction. Simulate a low CO2 concentration by raising the 
setpoint for all CO2 sensors significantly above the zone CO2 level. 

Check the following: 

3.1.1 The outdoor air damper modulates to the base minimum 
damper position as determined when the air handling system 
was balanced. 

3.1.2 The measured outdoor air ventilation rate is within ±10% of 
the specified value. 



ERDC/CERL TR-17-15 111 

3.2 Verify design minimum outdoor air ventilation flow rate. Continuing 
from step 3.1, leave the economizer control loop disabled. Simulate a 
high CO2 concentration by lowering the setpoint for one of the CO2 
sensors significantly below the zone CO2 level. 

Check the following: 

3.2.1 The outdoor air damper modulates to the design minimum 
damper position as determined when the air handling system 
was balanced. 

3.2.2 The measured outdoor air ventilation rate is within ±10% of 
the specified value. 

3.3 Verify economizer interaction. Simulate a low CO2 concentration by 
raising the setpoint for all carbon dioxide sensors installed well above 
the zone CO2 level. Re-enable the economizer control loop and adjust 
the economizer lockout setpoint as necessary depending on the con-
trol strategy used so that the economizer will not become disabled 
during the test. For dry-bulb or enthalpy single-point changeover 
strategy, raise the economizer lockout setpoint significantly above cur-
rent outdoor air conditions. For dry-bulb or enthalpy differential 
changeover strategy, raise the measured return air condition value sig-
nificantly above current outdoor air conditions. Simulate a call for 
cooling by lowering the cooling control loop setpoint (typically DAT) 
or, if applicable, the independent economizer control loop setpoint 
(which is typically based on mixed air temperature) to 50°F. 

Check the following: 

3.3.1 The outdoor air damper starts from the base minimum 
damper position as determined when the air handling system 
was balanced. 

3.3.2 The outdoor air damper modulates toward a full open position 
(refer to Error! Reference source not found.). 

3.4 Return system to normal. Once all tests are complete, return all control 
parameters back to original setpoints and conditions per the design 
sequence of operations. 
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4. DCV Test Procedures – Variable Air Volume 
Systems 

4.1 Verify base minimum VAV box ventilation flow rate. Simulate a low CO2 
concentration by raising the setpoint for each CO2 sensors signifi-
cantly above the zone CO2 level. To simulate a low cooling load with-
out enabling reheat, adjust zone cooling temperature setpoint 5°F 
above current space temperature and zone heating temperature set-
point (if applicable) 5°F below current space temperature. 

Keep in mind that each VAV box must be tested individually. Hence, 
this step must be repeated until all VAV boxes that are employing DCV 
have been tested. 

Check the following: 

4.1.1 The VAV box damper modulates to the base minimum damper 
position as determined when the air handling system was bal-
anced. 

4.1.2 The measured VAV box flow rate is within ±10% of the speci-
fied value. 

4.2 Verify design minimum VAV box ventilation flow rate. Continuing from 
step 4.1, keep the zone cooling temperature setpoint 5°F above and 
zone heating temperature setpoint (if applicable) 5°F below current 
space temperature. Simulate a high CO2 concentration by lowering the 
setpoint for each CO2 sensors significantly below the zone CO2 level. 
Again, this step must be repeated until all VAV boxes that are being 
controlled have been tested. 

Check the following: 

4.2.1 The VAV box damper modulates to the design minimum 
damper position as determined when the air handling system 
was balanced. 

4.2.2 The measured VAV box flow rate is within ±10% of the speci-
fied value. 

4.3 Verify base minimum AHU outdoor air ventilation flow rate at reduced 
supply fan speed. Release all of the zone temperature setpoint 
changes. Command all VAV box dampers being controlled by CO2 to 
their respective base minimum ventilation flow setpoints and com-
mand all non-controlled VAV boxes to their respective minimum 
damper positions. This should simulate a low cooling load and allow 
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the supply fan speed to slow down. Simulate a low CO2 concentration 
by raising the setpoint for all CO2 sensors significantly above the zone 
CO2 level. 

Check the following: 

4.3.1 Supply fan speed slows down toward minimum speed. 

4.3.2 The measured outdoor air ventilation rate is within ±10% of 
the specified base minimum ventilation flow rate value. 

4.4 Verify base minimum AHU outdoor air ventilation flow rate at full supply 
fan speed. Continuing from step 4.3, leave CO2 setpoint significantly 
above the zone CO2 level. Command all VAV box dampers (those con-
trolled and not controlled by CO2) to their respective maximum venti-
lation flow setpoints. This should simulate a full cooling load and al-
low the supply fan speed to increase. 

Check the following: 

4.4.1 Supply fan speed increases to full speed. 

4.4.2 The measured outdoor air ventilation rate is within ±10% of 
the specified base minimum ventilation flow rate value. 

4.5 Verify design minimum AHU outdoor air ventilation flow rate at reduced 
supply fan speed. Command all VAV box dampers being controlled by 
CO2 to their respective design minimum ventilation flow setpoints and 
command all non-controlled VAV boxes to their respective minimum 
damper positions. This should simulate a low cooling load and allow 
the supply fan speed to slow down. Simulate a high CO2 concentration 
in one zone by lowering the respective CO2 setpoint significantly below 
the zone CO2 level. 

Check the following: 

4.5.1 Supply fan speed slows down toward minimum speed. 

4.5.2 The measured outdoor air ventilation rate is within ±10% of 
the specified design minimum ventilation flow rate value. 

4.6 Verify design minimum AHU outdoor air ventilation flow rate at full sup-
ply fan speed. Continuing from step 4.5, leave CO2 setpoint for the se-
lected zone significantly below the zone CO2 level to simulate a high 
CO2 concentration. Command all VAV box dampers (those controlled 
and not controlled by CO2) to their respective maximum ventilation 
flow setpoints. This should simulate a full cooling load and allow the 
supply fan speed to increase. 
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Check the following: 

4.6.1 Supply fan speed increases to full speed. 

4.6.2 The measured outdoor air ventilation rate is within ±10% of 
the specified design minimum ventilation flow rate value. 

4.7 Verify economizer interaction. Simulate a low CO2 concentration by 
raising the setpoint for all CO2 sensors significantly above the zone 
CO2 level. Re-enable the economizer control loop and adjust the econ-
omizer lockout setpoint as necessary depending on the control strat-
egy used so that the economizer will not become disabled during the 
test. For dry-bulb or enthalpy single-point changeover strategy, raise 
the economizer lockout setpoint significantly above current outdoor 
air conditions. For dry-bulb or enthalpy differential changeover strat-
egy, raise the measured return air condition value significantly above 
current outdoor air conditions. Simulate a call for cooling by lowering 
the cooling control loop setpoint (typically DAT) or, if applicable, the 
independent economizer control loop setpoint (which is typically 
based on mixed air temperature) to 50°F. 

Check the following: 

4.7.1 The outdoor air damper starts from the base minimum 
damper position as determined when the air handling system 
was balanced. 

4.7.2 The outdoor air damper modulates toward a full open position 
(refer to Error! Reference source not found.). 

4.8 Return system to normal. Once all tests are complete, return all control 
parameters back to original setpoints and conditions per the design 
sequence of operations. 
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I.1.11 Checklist to evaluate economizers for potential operating problems 

Instructions: Evaluate your system for each of the items listed below to determine its 
susceptibility to economizer related operating problems. Include the recommended 
measures based on the results of the evaluation in the testing program for the system. 
Consult the appropriate section of Chapter 9 Economizer and Mixing Section for addi-
tional information on any of the topics. If you are using this in the electronic version, the 
hyperlinks will take you to the related section of the Guide, assuming it is available on 
your computer. When you click on the link, it will open the chapter in a separate window 
and put you at a location in the document that contains the related information associated 
with the hyperlink. You will also notice that the task bar at the bottom of your screen has 
buttons for both of the documents (as well as any other Word documents that you might 
have open). To return to this checklist, simply click on the button associated with it in 
the task bar at the bottom of your screen or in the Windows drop down menu. 
Date(s) of Evaluation: 
_______________________________________________________________________ 
Evaluator: 
_______________________________________________________________________ 
 

 

Item 
Number 

Requirement Initial and 
Date when 
Complete  

Dampers, Actuators, and Linkage Systems 
1 Is there an independent minimum outdoor air damper? 

Yes -  This is generally the best situation because it will al-
low the minimum outdoor airflow rate to be set and 
regulated independently from the economizer re-
lated maximum outdoor air function. 

Follow-up and Recommendations: Include functional 
testing in the Commissioning plan targeted at ensur-
ing that the minimum outdoor air damper is set up 
properly to achieve the design intent for the system. 

No -  Lack of an independent minimum outdoor air 
damper can lead to economizer related operating 
problems. The two most likely issues are: 

• The minimum flow is much higher than required be-
cause of the non-linear relationship between flow 
and damper stroke causing excessive energy con-
sumption. 

• Low or no minimum outdoor airflow into the build-
ing causes indoor air quality problems and/or prob-
lems with pressure relationships. 

Follow-up and Recommendations: 
Design Phase - Recommend that the design team 
address the issue by providing a regulated, inde-
pendent minimum outdoor air damper. Include 
functional testing in the Commissioning Plan tar-
geted at ensuring that the proper minimum outdoor 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

air flow rate is set and maintained for the system. 
Construction Phase - Recommend that the outdoor 
air damper section be modified to provide a regu-
lated, independent minimum outdoor air damper. 
Retrocommissioning - Consider modifying the exist-
ing minimum outdoor air damper assembly to pro-
vide an independent minimum outdoor air damper. 
Where this is not practical or possible, add a mini-
mum outdoor air flow limit to the economizer con-
trol signal. Functionally test to ensure that the re-
quired minimum outdoor air flow is delivered.  

2 Check damper sizing. There are several approaches possible. 
Check based on size relative to the duct or louver they are 
associated with. 

If the dampers are the same size as the duct, plenum or 
intake louver they are associated with, then they probably 
are oversized. 

Check based on nominal face velocity. 
Proceed as follows. 
Document the system design flow rate. 
 Unit rated capacity   cfm 
Document the maximum outdoor air damper size and 
calculate the area. 
 Height  ft 
 Width   ft 
 Area = Height x Width   sq ft 
Note the damper blade type (check the appropriate item) 
 Flat late   
 Airfoil   
Calculate the nominal damper face velocity 
 Face velocity = Flow rate ÷ Area   fpm 
For airfoil dampers in typical systems, velocities through 
the damper section in the range of 2,000 - 3,000 fpm are 
typically required to generate a pressure drop that pro-
vides a satisfactory alpha ratio and reasonable control. 
For flat plate dampers, the range is more like 1,500 - 
2,000 fpm. 

Based on the preceding rules of thumb, do the dampers 
appear to be sized properly? 
Yes -  No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - Include documentation of damper 
sizing in project control submittal requirements. 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Construction phase or Retrocommissioning - Inves-
tigate further if subsequent functional testing indi-
cates problems that can be related to damper sizing 
issues. 

No -  Improper sizing can lead to a variety of operational 
problems including poor mixing and non-linear perfor-
mance. In turn, these issues can lead to energy 
waste, nuisance freezestat trips, and premature compo-
nent failure. 

Follow-up and Recommendations: 
Design phase - Request that the design team address 
damper sizing and related issues either directly or 
by including specific delegation of the responsibility 
to the control contractor. Require documentation of 
damper sizing in the project control submittals. 
Construction phase - Request that the control con-
tractor document damper sizing and/or modify the 
damper sections as required to achieve the neces-
sary level of mixing and linearity. Coordinate with 
the project designer to obtain an understanding of 
their design intent in this regard. Include functional 
testing designed to identify damper sizing issues 
early on such as the Temperature Traverse Test and 
the flow linearity test. 
Retrocommissioning - Do further calculations to in-
vestigate the damper sizing requirements. Perform 
functional testing designed to identify damper sizing 
issues such as the Temperature Traverse Test and 
the flow linearity test. Modify damper sections as 
necessary to achieve the desired level of perfor-
mance. 

3 A. Are the return and maximum outdoor air damper 
sections similar in size and arrangement? 

B. Are the dampers oriented in a manner that will pro-
mote mixing? 
C. Are the blades rotations set up in a manner that will 
promote mixing? 
Yes to all three items -  No additional effort is required 

at this time. 
Follow-up and Recommendations: 

Design phase - Include shop drawing requirements 
for installation details for all dampers as a part of 
the control system submittal. 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Construction phase or Retrocommissioning - Inves-
tigate further if subsequent functional testing indi-
cates problems that can be related to damper config-
uration issues. 

No to any one item -  Improper configuration can lead 
to a variety of operational prob-
lems poor mixing. In turn, these is-
sues can lead to energy waste 
and nuisance freezestat trips. 

Follow-up and Recommendations: 
Design Phase - Recommend that the design team in-
clude details on the contract documents describing 
the arrangement of all mixing dampers including 
blade orientation and rotation, damper arrange-
ments, and blank-off plate locations and require-
ments or specifically delegate this responsibility to 
the control contractor via the specifications. Include 
shop drawing requirements for installation details 
for all dampers as a part of the control system sub-
mittal. 
Construction phase - If the dampers are already in-
stalled, then, other than for blade rotation, it is usu-
ally best to wait to modify or reconfigure the 
damper sections based on the results of functional 
testing. If blade rotation is an issue, recommend that 
the dampers be reoriented so that the blade rotation 
promotes mixing. This is easier (less costly) if you 
can catch the problem before the actuators are in-
stalled and piped. Perform functional testing de-
signed to identify damper configuration issues such 
as the Temperature Traverse Test and the flow line-
arity test. Modify damper sections or install baffling as nec-
essary to achieve the desired level of performance. 
Retrocommissioning - Reorient the dampers to cor-
rect any blade rotation problems. Perform functional 
testing designed to identify damper configuration is-
sues such as the Temperature Traverse Test and the 
flow linearity test. Modify damper sections or install baf-
fling as necessary to achieve the desired level of per-
formance. 

System Turn-Down (Variable Flow Systems Only) 
1 If the system is required to operate at different flow 

rates, either because it is a VAV system or a system 
equipped with a multi-speed motor, then evaluate its turn 
down ratio using one of the following three techniques. 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Method 1 - Turn-down ratio for systems with several differ-
ent operating flow rates. 
 A = Rated flow at maximum 
speed
 
  cfm 
 B = Lowest rated 
flow
 
  cfm 
 Turn-down ratio = A ÷ 
B 
  
Method 2 - Turn-down ratio for VAV systems with a termi-

nal unit schedule stating maximum and minimum flows 
and no zone level scheduling.* 

 A = Maximum rated flow = AHU’s rated 
cfm
 
  cfm 
 B = Minimum flow = Sum of minimum flow rates for all 

units served by the AHU   cfm 
 Turn-down ratio = A ÷ 
B 
  
Method 3 - Turn-down ratio for VAV systems with a termi-

nal unit schedule stating maximum and minimum flows 
and with zone level scheduling. 

 A = Maximum rated flow = AHU’s rated 
cfm
 

                                                   
*  Zone level scheduling is a technique that uses a schedule to control the terminal equipment on a VAV 

system.  If the area served by the terminal equipment is unoccupied, then the terminal unit damper is 
driven closed.  The central system then backs down due to the normal fan volume control system re-
sponding to this reduction in flow.  The central system is shut down when none of the zones it serves 
are in the occupied mode.  Night set back and set up routines return the terminal equipment to the oc-
cupied cycle on a temporary basis if necessary to hold unoccupied space temperatures within some 
temperature range. 

 In system level scheduling, the central system is shut down if all of the zones it serves are unoccupied, 
but unoccupied zones continue to operate based on their current set points and never reduce their 
flow below the terminal unit minimum flow settings.  The technique has the advantage of saving energy 
by eliminating the minimum flow associated with unoccupied zones.  But, it generally means the sys-
tem will have a higher turn down ratio since in theory, it may have to run to serve only one terminal unit 
operating at its minimum flow.  Usually, this is impractical so the controlling software is arranged to 
schedule terminal units in blocks with the smallest block size being determined by the turn down capa-
bility of the system. 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

  cfm 
 B = Minimum flow = Sum of minimum flows for the 
        smallest group of terminal units that can run in an 
        occupied  mode with all of the others in an unoccu-
pied 
        
mode.
 
  cfm 
 Turn-down ratio = A ÷ 
B 
  
Is the turn-down ratio greater than 2:1? 
No -  No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - None 
Construction phase or Retrocommissioning - Inves-
tigate further if subsequent functional testing or 
trending indicates operating problems that can be 
related to performance at low percentages of design 
flow. 

Yes -  Variable flow systems with high turn-down ratios 
may have difficulty operating at low percentages of 
design flow (high turn-down ratio), especially if the 
dampers are marginally sized at design flow. 

Follow-up and Recommendations: 
Design phase - Investigate alternatives that allow 
the system to perform better at low flow rates. 
Construction phase - Include functional tests such 
as the High Turn-Down Test in the commissioning 
plan to verify system performance at low percent-
ages of design flow. 
Retrocommissioning - Perform functional tests such 
as the High Turn-Down Test to identify either the 
limiting flow condition where damper performance 
has degraded to the point where the economizer 
function is no longer reliable or confirm economizer 
reliability at the lowest flow rate routinely seen by 
the system. Coordinate with the operating staff to 
identify operating options or control modifications 
that will provide reliable system performance at the 
required operating conditions. 

Mixing conditions 
1 Is there sufficient distance between the mixing plenum and  
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

the freezestat and/or first coil with a potential for freez-
ing to allow mixing to occur? 
Yes-  No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - None 
Construction phase - Monitor construction to verify 
that the spacing incorporated in the design is main-
tained in the actual installation. Consider including 
a test procedure such as the Temperature Traverse 
Test in the functional testing plan to document and 
verify the mixing performance. 

 Retrocommissioning - Consider including a test pro-
cedure such as the Temperature Traverse Test in the 
functional testing plan to document and verify the 
performance. 

No -  Insufficient distance for mixing to occur can cause 
operating difficulties with the economizer system 
that can prevent it from achieving its design intent. 

Follow-up and Recommendations: 
Design phase - Investigate alternatives that allow 
the system to provide better mixing conditions. Air 
blenders are one option if sufficient distance cannot 
be provided. 
Construction phase - Monitor construction to verify 
that the spacing or other mixing features incorpo-
rated in the design is implemented in the actual in-
stallation. Consider including test procedures such 
as the Temperature Traverse Test in the functional 
testing plan to document and verify the perfor-
mance. 

 Retrocommissioning - Perform a test procedure such 
as the Temperature Traverse Test to identify the 
magnitude of the problem. Based on the test results, 
evaluate retrofit options that could help address any 
issues identified. 

 
 
 

Sensors and Control 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

1 Have the temperature sensing elements associated with the 
economizer function (Typically, the mixed air sensor and 
freezestat) been located and arranged in a manner that 
ensures they will reflect the true conditions in the mixed 
air plenum? 
Yes-  No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - None 
Construction phase - Monitor construction to verify 
that the requirements of the design are reflected in 
the actual installation. 

 Retrocommissioning - Consider including a test pro-
cedure such as a Temperature Traverse Test in the 
functional testing plan to document and verify that 
the sensing elements reflect the true mixed air ple-
num conditions. 

No -  Poorly located and arranged sensing elements can 
cause numerous problems with the operation of the 
economizer cycle and related safety functions. 

Follow-up and Recommendations: 
Design phase - Request that the designers provide 
guidance on the contract documents regarding re-
quirements for the installation and location of the 
sensing elements. 
Construction phase - Monitor construction to verify 
that the sensor installation reflects the requirements 
of the design. Consider including test procedures 
such as a Temperature Traverse Test in the func-
tional testing plan to document and verify the per-
formance. 
Retrocommissioning - Perform a test procedure 
such as a Temperature Traverse Test to identify the 
magnitude of the problem. Based on the test results, 
modify the sensor installation as required to achieve 
satisfactory performance. 

 

2 A. Does the design include appropriate controls and in-
terlocks to enable and disable the economizer func-
tion as appropriate for the ambient conditions, system op-
erating conditions, and safety requirements? 

B. Are the set points for these interlocks clearly defined 
on the documents and appropriate for the project lo-
cal? 

Yes to all - No additional effort is required at this time. 
Follow-up and Recommendations: 

Design phase - None 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Construction phase or Retrocommissioning - In-
clude functional tests like the Ambient Interlock 
Test to verify proper functionality. 

No to any one item -  Improperly set or missing inter-
locks can lead to operational 
problems and energy waste. 

Follow-up and Recommendations: 
Design phase - Request that the designers provide 
guidance on the contract documents regarding inter-
lock requirements and settings. 
Construction phase - Include functional tests like 
the Ambient Interlock Test to verify proper func-
tionality. 
Retrocommissioning - Evaluate the existing system 
to determine interlock requirements and appropriate 
settings. Implement any necessary changes and per-
form a functional test like the Ambient Interlock 
Test to verify proper functionality. 

3 If the system does not have an independent mixed air 
controller or control loop, is it provided with a mixed air low 
limit control loop? 
Yes - No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - None 
Construction phase or Retrocommissioning - In-
clude functional tests like the Mixed Air Low Limit 
Test to verify proper functionality. 

No - Systems with economizers that are controlled by a con-
dition downstream of the mixed air plenum can be dif-
ficult to start in subfreezing winter weather. 

Follow-up and Recommendations: 
Design phase - Request that the designer’s include 
a mixed air low limit sequence in the control re-
quirements for the project. 
Construction phase and Retrocommissioning - In-
clude functional tests like the Mixed Air Low Limit 
Test to verify proper functionality. 

 

4 Does the control sequence and design of the air handling 
system adequately address the building pressure control require-
ments generated by operating on an economizer cycle? 
Yes - No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - None 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Construction phase or Retrocommissioning - In-
clude functional tests like the D:\RE-
PORTS\_Project\HPCBS\E-5\2.2.1\8 - 
Economizer and Mixing Section.doc - 
MixedAirLoLimitTest targeted at verifying the 
integrated performance of the building pressure 
control system with the economizer system as nec-
essary to meet the design intent for the project. 

No – The extra air brought in by an economizer cycle that 
slightly pressurizes a building can provide significant 
benefits in terms of energy conservation and comfort. 
Failing to address building pressure control require-
ments can cause significant operating problems. 

Follow-up and Recommendations: 
Design phase - Request that the designer’s include 
a building pressure control sequence in the control 
requirements for the project. 
Construction phase - Include functional tests like 
the D:\REPORTS\_Project\HPCBS\E-
5\2.2.1\8 - Economizer and Mixing Sec-
tion.doc - MixedAirLoLimitTest targeted at 
verifying the integrated performance of the building 
pressure control system with the economizer system 
as necessary to meet the design intent for the pro-
ject. 
Retrocommissioning - Include functional tests tar-
geted at identifying the impact of the economizer 
cycle on building pressure with the economizer sys-
tem in various operating modes. On high-rises, 
large buildings or buildings that are part of an inter-
connected complex, consider performing the Build-
ing Pressurization Test to evaluate the pressuriza-
tion needs of the building and the impact the econo-
mizer cycle can have on addressing it. 

5 Has the control of the economizer dampers been fully in-
tegrated with the control of the other heat transfer ele-
ments in the system? 
Yes - No additional effort is required at this time. 

Follow-up and Recommendations: 
Design phase - Request that the design team include 
appropriate alarms and smart alarms to annunciate 
problems with the economizer system and its inte-
grated performance with the other air handling sys-
tem control functions. 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Construction phase or Retrocommissioning - In-
clude functional tests like the D:\RE-
PORTS\_Project\HPCBS\E-5\2.2.1\8 - 
Economizer and Mixing Section.doc - 
MixedAirLoLimitTest targeted at verifying the 
integrated performance of the economizer system 
with the other heat transfer elements in the air han-
dling system as necessary to meet the design intent 
for the project. 

No -  Failure to fully integrate the economizer function with 
the operation of the other heat transfer elements in the 
air handling system can result in energy waste that is 
difficult to address directly. 

Follow-up and Recommendations: 
Design phase - Request that the designer include a 
building pressure control sequence in the control re-
quirements for the project. 
Construction phase - Include functional tests like 
the D:\REPORTS\_Project\HPCBS\E-
5\2.2.1\8 - Economizer and Mixing Sec-
tion.doc - MixedAirLoLimitTest targeted at 
verifying the integrated performance of the building 
pressure control system with the economizer system 
as necessary to meet the design intent for the pro-
ject. 
Retrocommissioning - Include functional tests like 
the D:\REPORTS\_Project\HPCBS\E-
5\2.2.1\8 - Economizer and Mixing Sec-
tion.doc - MixedAirLoLimitTest targeted at 
identifying the impact of the economizer cycle on 
building pressure with the economizer system in 
various operating modes. On high-rises, large build-
ings or buildings that are part of an interconnected 
complex, consider performing the Building Pressur-
ization Test to evaluate the pressurization needs of 
the building and the impact the economizer cycle 
can have on addressing it. 
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Item 
Number 

Requirement Initial and 
Date when 
Complete  

Comments: 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
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I.1.12 VFD VAV fan application 

Constant Static Pressure Application 
 
Project:  ____________________________ Date: __________________ 
Address: _________________________________________________________ 
 
Commissioning Participants: 
 Commissioning agent: __________________________  of ___________ 
 EMS Operator: __________________________  of ___________ 
 VFD technician: __________________________  of ___________ 
 HVAC technician: __________________________  of ___________ 
 Owner’s rep.:  __________________________  of ___________ 
 
Air handler ID: ___. ___ Supply fan (SF) hp: ___  CFM: ___ RPM ___  SP ___ 

___ Return fan (RF)  hp: ___  CFM: ___  RPM ___  SP ___ 
VFD brand and model: 
________________________________________________________ 
 
The following functional performance test is for a VFD controlling a VAV air 
handler to a constant duct static pressure (SP). A check-mark denotes acceptance 
or compliance. 
 
I. Design Intent and Documentation Verification 
___ Review the design documents and the specifications. 
___ Verify that the VFD ___ description, __ specifications,  __ technical and 

troubleshooting guide and the installation,  __ programming record and 
___balance report are on site. 

 From the design documents determine:    Location of static pressure sensor: 
 ___________________________________________________________________ 
 Nearest duct fitting upstream (fitting and distance): ____________________ 
 Nearest duct fitting downstream: ____________________________________ 
 Control strategy for the return fan: ___________________________________ 
 ___________________________________________________________________ 
 
II. VFD Installation 
Static Pressure Sensor 
 Linear Position 
 Location of sensor in % of the distance from fan to terminal box: ________ 
 Normally, the sensor should be located 2/3 to 3/4 the distance from the 

fan to the terminal box of the most restrictive branch. 
____Complies? 
 Pressure Reading Reliability 
 Nearest duct fitting upstream (fitting and distance): ___________________ 
 Nearest duct fitting down-
stream:_______________________________________ 
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 The SP sensor controlling the VFD must be located so as to properly sense 
the static pressure in the duct without being adversely affected by 
changes in flow from duct fittings. This ideally requires the sensor to be 
at least 10 duct diameters downstream and five duct diameters upstream 
from any duct takeoff or elbow fittings. 

___Complies? 
 
 Pressure Offset (Po) 
 Duct static pressure fan is being controlled to: _______in. H20  [A]. 
 Pressure rise across supply fan at design conditions (from balance report 

summary):   _______in. H20  [B].  Pressure offset, Po,  [A]/[B]: _______. 
 Optimally, Po should be 0.3 or less for the VFD and fan to be able to re-

spond to small pressure changes and realize adequate energy savings. If 
Po is greater than 0.4, the duct SP sensor is probably located too close to 
the fan. 

___Complies? 
 
Balancing to Lowest Pressure 
 
 Review the HVAC balance report and verify that according to the report, 

the system was balanced so the VFD controls to the lowest possible duct 
static pressure (that is, a capacity test was performed). The controlling 
duct static pressure from balance reports is  _______in. H20. The corre-
sponding VFD frequency or fan RPM from the balance report is:   supply 
fan (SF):_________, return fan (RF):________. Refer to the end of this test 
for details of the capacity test. 

___Balanced to lowest static?  (this is further verified by #2 under Section IV) 
 
Turn-Down Ratio 
 
 What is the minimum Hz the VFD will take the fan to? _____________  

What is the reason for any limita-
tions?_______________________________________________ 

 
General Issues 
 
___ Verify that any power quality mitigation measures required from the 

specifications have been completed. 
___ Verify that any inlet vanes or outlet dampers on the fan have been re-

moved or permanently held full open. 
___ Verify verbally that the acceleration and deceleration ramp time of the 

VFD is between one and four minutes. 
 Actual ramp time:  up _____min.   down _____min. (too short of ramp 

times will result in “hunting” and excess modulation by the VFD, typical 
ramp times are 1 to 4 minutes) 

___ Verify that the lower frequency limit is 0, unless explained. 
___ Verify that the VFD has been integrated into the EMS as per specification. 
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___ Verify that the EMS monitors the duct static pressure or that an in-line 
“T” in the static pressure hose is extended to near the VFD, from which a 
magnehelic static pressure reading can be made during testing. 

 
 
III. Functional Performance Test 
This test is not intended to verify that the VAV system is functioning properly, but ra-
ther that the VFD is functioning properly. 
 
1. Boxes Partially Open (intermediate CFM). If current conditions are such, 

that the system is not expected to be in full cooling, nor be at the minimum 
flow condition: 

 a. Read the frequency output of the VFDs and record in Table 1 in the 
“Boxes Partially Open” column for both the supply fan (SF) and re-
turn fan (RF) if applicable. 

 b. Read the duct static pressure and record in the same column. 
 
 If the conditions are not in an “intermediate” position, change all space 

temperature set points to 4 degrees below the actual temperature in the 
space, to simulate an approaching of thermostat satisfaction and take read-
ings. 

 
2. Boxes to Maximum Open (Full Cooling). Using the (EMS) or other means, 

change all the space temperature setpoints to at least 10 degrees below the 
current space temperature so that the entire HVAC system supplied from 
this fan is in full cooling in all zones and all terminal boxes are open to their 
maximum “stops.” 

 
 a. Measure or read the duct static pressure controlling the VFD and rec-

ord in the “Open to Max. Stop” column in Table 1. 
 b. Read the frequency output of the VFDs and record in Table 1. 
 
3. Boxes to Minimum Positions. Change all space temperature set points to 

be equal to the actual space temperatures to simulate a satisfied condition, 
driving the boxes to their minimum. 

 a. Take the frequency and static pressure readings and record in Col-
umn D. 

 
IV. Analysis 
 

A 
Design static pressure_____ 
Design freq. (Hz): SF _____ RF _____ 
Design RPM:  SF_____  RF _____ 

B 
Terminal 

Boxes Open 
to Max. Stop 

C 
Boxes Par-
tially Open 

D 
Boxes Closed 
to Min. Stop 

SP being controlled to now ______     SF |   RF     SF |   RF     SF |   RF 

VFD frequency. or RPM  |  |  | 
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Static pressure during VFD test    

Static pressure during capacity test  (from Testing, Adjusting and 
Balancing [TAB] report data 
form) 
 

 
1. Fractional variance of SF design frequency or RPM to full open, 1-(B/A): 
_____. If the full open SF frequency or RPM is more than 5% less than the design 
value (assuming the design and actual static are equal), all boxes may not be 
driven full open. Investigate as appropriate. 
___Less than 5% variance? 
 
2. The SP with full open boxes (B) should be significantly less than the SP dur-

ing the partially loaded conditions and should be within 0.15 inches SP of 
the SP from the capacity test. If the VFD SP is greater than the capacity test 
SP, all boxes may not be fully open. If the SPs are not close to each other, the 
TAB data may be inaccurate. Compliance basically verifies that a capacity 
test was completed. 

___Complies? 
 
3.___Is the SP in (C) and (D) within 10% of the what it is being controlled to in 

(A)? 
 
4.___The min. turn-down ratio (from Section II) should be close to (freq. D/B)  

Y/N? 
 
5.___Return fan RPMs or frequencies track well with changes in SF RPM, ac-

counting for changes in OSA quantities and relief strategy? 
 
6. Static pressure (SP) readings at the last two conditions should remain 

within 5% of each other. If the there is more than a 5% variance, the sensor 
may be unstable, possibly from being too close to duct fittings. 

___Less than 5% variance? 
 
___Collaborative Trending: If the variance is greater than 5% and if the Pressure 

Reading Reliability location does not comply, from Section III, trending 
(monitoring) the SP against terminal unit damper position or SF flow is rec-
ommended to confidently verify stability. The SP should remain constant 
(+/- 5%) regardless of damper position or flow.. SP trended?  _______ 

___Complies? (sensor is stable) 
 
7.___For the frequency or RPM readings in Table 1, are the values in Col. B > C 

> D? 
 
V. Training 
___The training specified in the design incentive agreement has been completed. 
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Required Capacity Test 
To insure that energy use is minimized, the HVAC system must be balanced at design 
conditions at the lowest possible static pressure possible. This requires that the lowest 
possible static pressure (SP) be found at the sensor that will allow full design flow at the 
terminal units (TUs) most difficult to satisfy. This system minimum SP found is what the 
VFD should control to. This is accomplished by changing the temperature setpoint for all 
zones to 55F, causing all TUs to be calling for full cooling. Each TU’s airflow is then 
measured against the design flow. The TU that is receiving the lowest fraction of design 
is identified. The current SP at the controlling sensor  is noted. A calculation is made, giv-
ing the SP required at the sensor to allow the identified most critical TU box to meet its 
design flow. The equation is SP2 = SP1 x Q2

2/Q1
2. Where Q1 = actual or fraction of design 

flow during capacity test. Q2 = design flow or 1.0 if using fractions. SP1 = SP at sensor. 
SP2 = SP to control to. It is noted that if all boxes were calling for full cooling simultane-
ously, the fan could not maintain the new SP2  value, due to diversity fan size reduction 
having been made by the design engineer. 
 
Parties required for VFD site commissioning work 
 Commissioning agent   To witness and record the tests. 
 EMS Operator   To drive boxes open and shut by changing the set points, etc. 
 VFD technician   To use the keypad to verify the ramp time. (unless verified at startup, which is recom-

mended). Sequencing the keypad to display ramp time could be done by the commissioning agent, alone 
after reviewing the VFD technical manual. 

 HVAC technician   To apply magnehelic gages to the pressure tap to measure duct static, if not monitored 
by EMS. 

 

I.1.13 Standard commissioning procedure for variable frequency motor 
drives 

BUILDING NAME:       APPLICATION #:     

BUILDING ADDRESS:           

             

             

 

NAME & FIRM OF PERSON(S) DOING TEST:        

DATE(S) OF TEST:        

 

General Notes: 
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1. This is a generic test procedure for variable frequency drives (VFDs). If the 
complexity, configuration, or other aspects of a specific project require substitute tests 
or additional tests, explain on the comments sheets, and attach the additional test 
procedures and field data. Attach all relevant functional performance verification 
sheets, and always attach the final signed and dated procedure certification page. 

2. In all test sections, circle or otherwise highlight any responses that indicate 
deficiencies (i.e., responses that do not meet the criteria for acceptance). Acceptance 
requires correction and retest of all deficiencies, as defined in each test section under 
“Criteria for Acceptance” or “Acceptance.” Attach all retest data sheets. Complete the 
Deficiency Report Form for all deficiencies. 

3. This Commissioning Procedure does not address fire and life safety or basic 
equipment safety controls. 

4. To ensure that this Commissioning Procedure will not damage any equipment or 
affect any equipment warranties, have the equipment manufacturer’s representative 
review all test procedures prior to execution. 

NAMEPLATE DATA (from equipment nameplates, as recorded in field): 

Criteria for Acceptance: Nameplate data must be in accordance with approved 
submittals. 

 

DESCRIPTION DRIVE # (Pump or Fan Symbol) 

Serves What Equipment (Describe)?       

Drive Manufacturer       

Drive Model #       

Drive Serial #       

Motor Manufacturer       

Motor Model #       

Motor Rated Horsepower       

Motor Rated Voltage/Phase       

Motor Rated Full Load Amps       

Motor Rated Frequency, Hz       

Drive Rated Horsepower       

Drive Rated Voltage/Phase       

Drive Rated Full Load Amps       

Drive Rated Frequency, Hz       
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COMMENTS ON NAMEPLATE ITEMS (add more sheets if needed): 

ITEM # UNIT # COMMENT 

                     

                     

                     

                     

                     

 

INSTALLATION VERIFICATION: 

Instructions: Under each unit write “Y” for yes, “N” for no, “NA” for not applicable, or a 
number to refer to any needed comments. If other information is requested such as voltage 
or frequency, write the appropriate values. 

Criteria for Acceptance: All items in this section require answers of “Y” (or “NA,” where 
relevant) except where other criteria are noted. 

Test Equipment: Use of a true RMS multimeter is highly recommended for all VFD 
electrical measurements. Multimeters that are not true RMS often give confusing and/or 
erroneous data when measuring waveforms that are not pure sine wave. 

Meter Manufacturer:    Model #:    True RMS?   
  

Caution: Only qualified personnel familiar with the operation of the installed drives and 
motors, and the hazards involved, should adjust, operate, test, and/or service the 
equipment. The commissioning agent should become familiar with the installation, 
operation, and maintenance manuals prior to starting commissioning work. Failure to 
observe proper safety precautions could result in damage to equipment, severe bodily 
injury, and/or loss of life. 

DESCRIPTION DRIVE # 

       

1. Manufacturer’s startup sheet completed 
and attached.       

2. Drive & motor environment clean. 
      

3. Adequate drive & motor access for 
ventilation and maintenance.       

4. No unusual noise or vibration. 
      

5. No disconnects installed between VFD & 
motor without shut-down interlock to 
VFD. 
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DESCRIPTION DRIVE # 

       

6. Shut-down interlocks between VFD & 
motor verified to be operational.       

7. Separate conduit for incoming power 
and outgoing motor leads.       

8. No power factor correction capacitors 
connected to motor.       

9. Shaft rotation correct, normal operation. 
      

10. If equipped with bypass, note bypass 
starter overload heater size. 
Acceptance: properly sized for motor. 

      

11. Shaft rotation correct, bypass operation 1 
      

12. Verify bypass switch starts & operates 
equipment 1       

13. Maximum Hertz setting2 Acceptance: per 
footnote.       

14. Minimum Hertz setting3, 4 Acceptance: 
per footnote.       

15. Does motor have oil sleeve bearings?5 

Acceptance: per footnote.       

16. Is there an isolation transformer or line 
reactor in the drive circuit? Acceptance: 
Must be installed if required by drive 
manufacturer or designer. 

      

17. O&M manual on site. 
      

Notes To Table: 

1 Note that testing of the drive bypass switch will drive the driven equipment at full speed. First verify 

with building operator that this will not damage equipment, ductwork, piping, etc. due to excessive 

flow or pressure. 

2 The maximum frequency setpoint should not be higher than the motor full speed rating without 

approval by the user. Inform the user that such operation may affect the motor life, and that they 

should verify with the motor manufacturer’s representative that the driven motor is rated for such 

operation. 

3 Operation of the driven motor at less than 25% of the motor full speed rating may cause the motor 

to run with inadequate cooling. Inform the user that such operation may affect the motor life, and that 

they should verify with the motor manufacturer’s representative that the driven motor is rated for such 

operation. Note that the minimum speed may be set at either the drive or at the EMS. 

4 If the driven motor is to operate at less than 50% of its nameplate speed, the thermal overload 

protection may not properly protect the motor. The motor may overheat due to the reduction in 
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ventilation at reduced speed even though it is operating at well less than its rated full load current. A 

thermally responsive overload protection device that responds to actual motor winding temperature 

may be required in this case. Advise the installer to check this requirement with the motor 

manufacturer’s representative. 

5 For motors that are equipped with oil sleeve bearings, operation of the driven motor at less than 

50% of the motor full speed rating may cause the bearings to receive inadequate lubrication. Inform 

the user that such operation may affect the motor life, and that they should verify with the motor 

manufacturer’s representative that the driven motor is rated for such operation. 

COMMENTS ON INSTALLATION VERIFICATION CHECKLIST ITEMS (add more sheets 
if needed): 

ITEM # UNIT # COMMENT 

                     

                     

                     

                     

                     

                     

                     

                     

                     

                     

                     

                     

                     

                     

FUNCTIONAL PERFORMANCE VERIFICATION: 

The following sections are a series of field tests that are intended to verify that the variable 
frequency motor drives operate as they were intended to operate by the manufacturer and 
designer. If the field observation does not correspond to the intended design operation, 
write a comment number that refers to an explanatory comment in the comments section 
or on attached comments sheets. If a test does not apply, write “NA” for not applicable. If 
you were not able to complete a test, write “ND” for not done, and explain in a comment. 
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Full Capacity Test: Perform the following tests and measurements by forcing the system to its 

maximum capacity (e.g., full flow). Verify that the drive maintains the system at setpoint. 

Criteria for Acceptance: As noted under specific test items. Note: Imbalance (current or voltage) is 

defined as largest phase difference from the average, divided by the average. 

DRIVE #       

19. Controlled variable setpoint & units of 
measurement (static pressure, °F, etc.). 
Acceptance: Setpoint must be as low 
as possible, consistent with proper 
system operation. 

      

20. Measured controlled variable full 
capacity value. Acceptance: Must be 
within -15% to +10% of setpoint. 

      

21. Maximum Hertz setting. Acceptance: 
<65 Hz       

22. Measured Hertz. Acceptance: Must be 
within ±10% of maximum setting.       

23. Measured amps into drive. Acceptance: 
Average must be no more than 5% 
above rated motor full load amps 

    /      /     /      /     /      /     /      /     /      /     /      / 

24. Measured amps into motor. 
Acceptance: Current imbalance 
between phases must be <2% 

    /      /     /      /     /      /     /      /     /      /     /      / 

25. Measured volts into drive. Acceptance: 
Average must be within ±10% of rating.     /      /     /      /     /      /     /      /     /      /     /      / 

26. Measured volts into motor. 
    /      /     /      /     /      /     /      /     /      /     /      / 

27. Voltage imbalance into drive <2%? 
Acceptance: Must be <2%.       

28. Voltage imbalance into motor <2%? 
Acceptance: Must be <2%.       

 

Flying Start Test: Perform this test only if the drive is equipped with a flying start function. This test 

verifies that the drive is able to start to a spinning load, without undergoing nuisance trips. With the 

equipment running, momentarily interrupt power to the drive and restore power before the driven 

equipment comes to a complete stop. Alternative Test: If it is not possible to interrupt power to the 

drive, use the drive controls to turn it off momentarily, and then turn it back on before the driven 

equipment comes to a complete stop. Use this alternative only if it is impossible to interrupt power to 

the drive. 

Caution: In some cases, this test has resulted in damage to the VFD because of faulty VFD 

components. Inform the building operator of this possibility, and get permission to perform the test 

before starting.  

DRIVE #       
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29. Did the drive restart & match the 
spinning load without tripping any 
safeties? Acceptance: Drive must 
restart & match load without trips. 

      

30.  
      

 

Normal Operation Test: Monitor or measure kW or Amp input to the drive, and trend EMS VFD output 
signal and controlled variable input signal (static pressure, °F, etc.) for at least 24 hours to document 
speed modulation under normal operation. If drive is not observed to modulate to less than 50% of full 
speed, force the flow control devices to minimum positions by changing setpoints, control signal, etc. as 
needed. Attach annotated graphs of monitored data to this test sheet. If using an energy management 
system (EMS) to verify drive operation, record the following values, and then attach annotated trend-
logs. Test 1 must be at a control signal of between 60 and 75%, and test 2 must be at a control signal of 
between 30 and 50% of full speed. 

Criteria for Acceptance: As noted under specific test items. 

DRIVE #       

31. Test 1: control speed signal, % of 
maximum signal (60 - 75%)       

32. Divide answer to #31 by 100% and 
cube the result.       

33. VFD input amps at same time as #31 
    /      /     /      /     /      /     /      /     /      /     /      / 

34. Fractional Current: Divide the avg. 
VFD input amps (#33) by the avg. max 
running amps into the motor (#24). 

      

35. Calculate the correspondence 
between the fractional current and the 
cube of the control signal: (#34 - 
#32)/#32. Acceptance: The calculated 
correspondence must be within ±20%. 

      

36. Test 2: control speed signal, % of 
maximum signal (30 -50%)       

37. Divide answer to #36 by 100% and 
cube the result.       

38. VFD input amps at same time as #36 
    /      /     /      /     /      /     /      /     /      /     /      / 

39. Fractional Current: Divide the avg. 
VFD input amps (#38) by the avg. max 
running amps into the motor (#24). 

      

40. Calculate the correspondence 
between the fractional current and the 
cube of the control signal: (#39 - 
#37)/#37. Acceptance: The calculated 
correspondence must be within ±20%. 

      

41. Was VFD observed to modulate to 
<60% of full speed under normal (non-
forced) operation? If not, comment 
below on likely reasons. Note if this is 
to be considered a deficiency. 
Recommend seasonal retesting if 
appropriate. 
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COMMENTS ON FUNCTIONAL PERFORMANCE VERIFICATION ITEMS: 

ITEM # UNIT # COMMENT 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

I certify that the data and test results as recorded herein are accurate. 

                                                                                   

Signature, Commissioning Agent     Date 

                                                                                   

Firm Name      (Area Code) Phone Number 

file:vfdqas1.pro 
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I.1.14 Economizer bin data 

 
Source: National Climatic Data Center 
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I.1.15 ECM Scope – Economizer psychrometric chart: High limit setting. 

Figure I-5.  Economizer psychrometric chart: high limit setting. 

 

I.1.16 ECM Scope - Example graphic display screens for Smart Servers 
(quantity: 12) 

Figure I-6.  Example Graphic Display Screens for DSPR. 

 



ERDC/CERL TR-17-15 141 

Figure I-7.  Example Graphic Display Screens for DSPR (typical AHU). 

 

Figure I-8.  Example Graphic Display: Bldg. 932, AHU-1. 
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Figure I-9.  Example Graphic Display: Bldg. 932, AHU-1, Zone 1. 

 

Figure I-10.  Example Graphic Display: Bldg. 932, AHU-1, Zone 7. 

 



ERDC/CERL TR-17-15 143 

Figure I-11.  Example Graphic Display: Bldg. 932, AHU-2. 

 

Figure I-12.  Example Graphic Display: Bldg. 932, AHU-3. 
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Figure I-13.  Example Graphic Display: Bldg. 932, AHU-4/5. 

 

Figure I-14.  Example Graphic Display: Bldg. 932, VAV box 101. 

 

Figure I-15.  Example Graphic Display: Bldg. 932, VAV box 201. 
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Figure I-16.  Example Graphic Display: Bldg. 932, VAV box 301. 

 

Figure I-17.  Example Graphic Display: Bldg. 932, VAV box 604. 
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Appendix J: Electric Metering – Products 

J.1 Overview 

At least three LonWorks compatible electric meters appear to provide suf-
ficient functionality to meet UMCS monitoring requirements for Fort 
Leonard Wood. The list is not exhaustive and is not an endorsement. 
Other meters may be acceptable: 

• Wattnode Plus for LonWorks (by Continental control systems) 
• MeasureLogic 310 
• Emon. 

In general all meters surveyed, appear to meet the various voltage, amper-
age, and phase/conductor arrangement needs of typical metering applica-
tions. Product features/functions of concern, where there may be short-
comings and designers/specifiers need to be careful include; communica-
tions protocol offered, recorded values (some display parameters that are 
not recorded), including pulse output(s) as well as digital communications. 
Modbus is much more prevalent than LonTalk. Many products appear to 
be intended as standalone systems, with characteristics such as proprie-
tary communications and dedicated proprietary monitoring software. Four 
mounting configurations offered by various vendors include Panel, DIN,* 
socket, and surface (in a panel/enclosure). Prices referenced below do not 
include Current Transducers. 

J.2 Wattnode 

Continental Control Systems offers several models of electric power me-
ters, all referred to as “WattNodes.” They range from a basic kWh meter 
with a pulse output to the Wattnote LonWorks Power Meter with a logger 
that monitors and records (logs to memory) all values specified in UFGS 
23 09 13. Wattnodes seem to be intended for submetering and UMCS 
monitoring applications as compared to some vendors’ products that are 
more oriented to standalone/dedicated metering systems. 

                                                   
* DIN: Deutsches Institut für Normung [the German national standards organization]. 
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Figure J-1.  Typical Wattnode. 

 

J.3 Various Wattnodes 

• WattNode BACnet — is a multi-function kilowatt-hour (kWh) energy and 
power (kW) meter that communicates with BACnet MS/TP over an EIA 
RS-485 network, measures 1, 2, or 3 phases with voltages from 120 to 
600 VAC and 5 to 6,000 amps in delta and wye configurations. 

• WattNode Modbus — is a multi-function kilowatt-hour (kWh) energy and 
power (kW) meter that communicates over an EIA RS-485 network, 
measures 1, 2, or 3 phases with voltages from 120 to 600 VAC and 5 to 
6,000 amps in delta and wye configurations. 

• WattNode Plus for LonWorks — The WattNode Plus multi-function meter 
measures 27 electric power related quantities: power (kW), energy con-
sumption (kWh), voltage, current, power factor, frequency, demand, 
peak demand and time of peak demand. Individual phase measure-
ments are available for most measurements. The WattNode Plus for 
LonWorks communicates over a TP/FT10 twisted-pair network. 

• WattNode Logger for LonWorks — is a multi-function kilowatt-hour (kWh) energy 
and power meter that communicates on a LonWorks network, and can 
log 24,000+ measurement records in non-volatile memory. The Watt-
Node Logger meter measures 1, 2, or 3 phases with voltages from 120 
to 600 volts alternating current VAC and 5 to 6,000 amps in delta 
(phase to phase) and wye (phase to neutral) configurations. 

• Advanced Pulse WattNode — is a true RMS AC watt-hour transducer with pulse 
output (solid state relay closure) proportional to kWh consumed. The 
WattNode provides accurate measurement at low cost to meet your 
needs for submetering, energy management, and performance con-
tracting applications. 

• LCD Display for Pulse Output WattNodes — These LCD displays connect to Pulse 
Output WattNodes to display energy (watthours) and/or power (watts). 

http://www.ccontrolsys.com/w/WattNode_BACnet
http://www.ccontrolsys.com/w/WattNode_Modbus
http://www.ccontrolsys.com/w/WattNode_Plus_for_LonWorks
http://www.ccontrolsys.com/w/WattNode_Logger_for_LonWorks
http://www.ccontrolsys.com/w/Advanced_Pulse_WattNode
http://www.ccontrolsys.com/w/LCD_Display
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Fort Leonard Wood is currently focused on two options for electric meter-
ing, a pulse output and LonWorks-based communications with a UMCS. 
Therefore some detailed features are documented here: 

J.4 Wattnode pulse 

• Pulse output: Compatible with EMSs and data loggers. 
• Nominal 0.5% accuracy (see manual for details) 
• Small size: Can be installed in existing service panels or junction 

boxes. 
• Bidirectional metering: Net metering for PV (photovoltaic) solar 

and wind power generation with only one meter. 
• Advanced metering design: Enables metering of inverters and 

VFDs. 
• Safe CTs (current transformers), output 0.333 VAC at rated current. 

o Split core CTs for quick installation 
o Solid core CTs are less expensive and prevent tampering 
o Custom and standard Bus Bar sized CTs 

• Line powered: No external supply required. 
• Detachable terminal blocks: Easy to install and remove. 
• UL, cUL Listed: Designed and tested for safety and use throughout 

North America. 
• CE Mark: Can be installed throughout the EU. 
• The optional LCD display module remotely displays energy in Wh, kWh, or 

MWh; or power in W or kW 
• Small form factor for easy installation inside most electrical panels, 

see a sample installation diagram 
• Assembled in USA, qualified under the Buy American provision in 

the American Recovery and Reinvestment Act of 2009 (ARRA). 
• Five year warranty 

J.5 WattNode LonWorks power meter w/logger 

• Quantities Logged: 
o Date and Time 
o Net Energy (A, B, C and Sum) (kWh) 
o Reactive Energy (Sum) 
o Positive Energy (Sum) 
o Real and Reactive Power (A, B, C and Sum) 
o Voltage, Current and Power Factor (A, B, C) 
o Demand (kW) 

http://www.ccontrolsys.com/w/Current_Transformers
http://www.ccontrolsys.com/w/Current_Transformers
http://www.ccontrolsys.com/w/LCD_Display
http://www.ccontrolsys.com/w/Advanced_Pulse_WattNode_Installation
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• Features: 
o Logging intervals from 1 minute to 12 hours, allows logging up to 

250 days of 15-minute data 
o Supports LonWorks TP/FT-10 free topology twisted-pair network 

using Echelon’s® LonTalk® (ANSI/CEA-709.1-B-2002) network 
protocol. 

o LonMark 3.4 Certified 
o Small form factor for easy installation inside most electrical panels 
o Pluggable screw terminals for easy wiring 
o 0.5% nominal accuracy (see manual for details) 
o True RMS power even with leading or lagging power factor and 

chopped or distorted waveforms 
o Monitors variable speed drives, pumps, and motors 
o Safe CTs (current transformers), output 0.333 VAC at rated current. 

* Split core CTs for quick installation 
* Solid core CTs are less expensive and prevent tampering 
* Custom and standard Bus Bar sized CTs 

J.6 MeasureLogic 

This meter appears to meet the current DoD draft electric meter specifica-
tion. Current list price from Engenuity ranges from $293 to $885. It is 
currently listed as unavailable on the Engenuity web site but is still on the 
MeasureLogic site. 

Figure J-2.  MeasureLogic 310 Electric Meter. 

 

• Line powered single-/three-phase energy submeter with auto-topology 
detection 

• Class 0.5 Energy Meter** (ANSI C12.20) - “Revenue grade” 

http://www.ccontrolsys.com/w/Current_Transformers
http://www.ccontrolsys.com/w/Current_Transformers
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• Bidirectional for renewable systems (Net metering) 
• Interfaces with “safe” mV and RopeCTs 
• Embedded Ethernet connectivity - Modbus/TCP, BACnet/IP, 
• SNMP or DNP 3.00 
• RS-485 connectivity - Modbus Remote Terminal Unit (RTU) or BAC-

net MS/TP 
• Communications setting via dual in-line package (DIP) switches for 

Modbus RTU 
• LonWorks FT-10 communications 
• 2 digital status/counter inputs OR digital outputs - optional 
• Color coded, pluggable connectivity 
• Compact DIN rail design 
• User configurable using DTS Config software 
• User-definable Modbus register area 
• Compatible with PowerStudio Energy Management Software 
• SunSpec Alliance certified 
• Designed and Manufactured in the USA. Complies with the 
• Buy American Provisions of ARRA Section 1605 

J.7 Emon 

Emon offers five versions of meter with a variety of characteristics. Key 
features include: 

• Modbus, LonTalk (except the D2 model), BACnet, and EZ7 
• Pulse output for both Watt-hour and VAR-hour or phase loss 
• Data logging of kWh and kVARh 15min interval for 72 days 
• ANSI C12.20 accuracy (+-0.2% from 1% to 100% of rated load) 

For the most part these meters meet the current DoD draft electric meter 
specification except they do not record various parameters (such as each 
phase voltage and amperage) required by the UFGS. 

J.8 Other electric meters 

ABB offers a variety of electric meters, all with pulse output. Communica-
tions protocols include Modbus and a proprietary protocol; EQ bus. Com-
munication with other systems can be obtained through an ABB gateway. 
They offer three series of meters, the C, B, and A. Both the B and A series 
appear to have logging capabilities. All are DIN rail mountable. 
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Schneider Electric has a variety of electric meters. Communications of-
fered is Modbus serial, networking (via Modbus) is accomplished via vari-
ous gateways offered. 

Leviton offers five versions of commercial power meters. Communications 
protocol options include Modbus and BACnet-IP. The three more ad-
vanced versions record all parameters listed in the UFGS 23 09 13. Data 
Storage is limited to “last reading.” Accuracy meets C 12.20 accuracy 
(stated as 0.5% in product brochure for the 4000 and 4100 series models). 

J.9 Gas and water meter – products 

Gas and water meters, unlike electric meters, do not tend to be available 
with an industry-standard communications protocol output. A pulse out-
put is common, where this pulse can be monitored by a digital control de-
vice that provides an industry-standard communications protocol output 
available to the BCS communication network and thus a UMCS. 

J.10 Electric meter “Points Schedule” 

 (For a meter directly connected to the LonWorks network) 
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J.12 Water meter “Points Schedule” 

(For a LonWorks device to be connected to a water meter pulse output) 
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J.14 Gas meter “points Schedule” 

(For a LonWorks device to be connected to a gas meter pulse output) 
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Appendix K: UFGS – 23 09 00 (Tailored to 
Fort Leonard Wood): Instrumentation and 

Control for HVAC 
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Appendix L: Insert: UFGS - 23 09 13 (Tailored to 
Fort Leonard Wood): Instrumentation & Control 

Devices for HVAC 



ERDC/CERL TR-17-15 194 

 



ERDC/CERL TR-17-15 195 

 



ERDC/CERL TR-17-15 196 

 



ERDC/CERL TR-17-15 197 

 



ERDC/CERL TR-17-15 198 

 



ERDC/CERL TR-17-15 199 

 



ERDC/CERL TR-17-15 200 

 



ERDC/CERL TR-17-15 201 

 



ERDC/CERL TR-17-15 202 

 



ERDC/CERL TR-17-15 203 

 



ERDC/CERL TR-17-15 204 

 



ERDC/CERL TR-17-15 205 

 



ERDC/CERL TR-17-15 206 

 



ERDC/CERL TR-17-15 207 

 



ERDC/CERL TR-17-15 208 

 



ERDC/CERL TR-17-15 209 

 



ERDC/CERL TR-17-15 210 

 



ERDC/CERL TR-17-15 211 

 



ERDC/CERL TR-17-15 212 

 



ERDC/CERL TR-17-15 213 

 



ERDC/CERL TR-17-15 214 

 



ERDC/CERL TR-17-15 215 

 



ERDC/CERL TR-17-15 216 

 



ERDC/CERL TR-17-15 217 

 



ERDC/CERL TR-17-15 218 

 



ERDC/CERL TR-17-15 219 

 



ERDC/CERL TR-17-15 220 

 



ERDC/CERL TR-17-15 221 

 



ERDC/CERL TR-17-15 222 

 



ERDC/CERL TR-17-15 223 

 



ERDC/CERL TR-17-15 224 

 



ERDC/CERL TR-17-15 225 

 



ERDC/CERL TR-17-15 226 

 



ERDC/CERL TR-17-15 227 

 



ERDC/CERL TR-17-15 228 

 



ERDC/CERL TR-17-15 229 

 



ERDC/CERL TR-17-15 230 

 



ERDC/CERL TR-17-15 231 

 



ERDC/CERL TR-17-15 232 

 



ERDC/CERL TR-17-15 233 

 



ERDC/CERL TR-17-15 234 

 



ERDC/CERL TR-17-15 235 

 



ERDC/CERL TR-17-15 236 

 



ERDC/CERL TR-17-15 237 

 



ERDC/CERL TR-17-15 238 

 



ERDC/CERL TR-17-15 239 

 



ERDC/CERL TR-17-15 240 

 



ERDC/CERL TR-17-15 241 

 



ERDC/CERL TR-17-15 242 

 



ERDC/CERL TR-17-15 243 

 



ERDC/CERL TR-17-15 244 

 



ERDC/CERL TR-17-15 245 

 



ERDC/CERL TR-17-15 246 

 



ERDC/CERL TR-17-15 247 

 



ERDC/CERL TR-17-15 248 

 



ERDC/CERL TR-17-15 249 

 



ERDC/CERL TR-17-15 250 

 



ERDC/CERL TR-17-15 251 

 

  



ERDC/CERL TR-17-15 252 

 

THIS PAGE INTENTIONALLY LEFT BLANK 



ERDC/CERL TR-17-15 253 

Appendix M: Insert: UFGS - 23 09 23.01 (Tailored 
to Fort Leonard Wood): LonWorks DDC for HVAC 

and Other Building Control Systems 
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Appendix N: Insert: UFGS - 23 09 93 (Tailored 
to Fort Leonard Wood): Sequences of 
Operation for HVAC Control 
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Appendix O: Insert: UFGS - 25 10 10 (Tailored 
to Fort Leonard Wood): Utility Monitoring 
and Control System (UMCS) Front-End and 
Integration 
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Acronyms and Abbreviations 

Term Definition 
AHU Air Handling Unit 
AMI Advanced Metering Infrastructure 
AMP Army Metering Program 
ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
ATFP Anti-Terrorism/Force Protection 
ATO Authority To Operate 
AWS American Welding Society 
BAS Building Automation System 
B-AWS BACnet Advanced Workstation 
BCN Building Control Network 
BCS Building Control System 
BTL BACnet Testing Laboratories 
CEA Consumer Electronics Association 
CEERD U.S. Army Corps of Engineers, Engineer Research and Development Center 
CERL Construction Engineering Research Laboratory 
CSI Construction Specifications Institute 
DA Discharge Air 
DCV Demand-Controlled Ventilation 
DDC Direct Digital Control 
DHCP Dynamic Host Configuration Protocol 
DIN Deutsches Institut für Normung [the German national standards 

organization] 
DIP Dual in-Line Package 
DoD U.S. Department of Defense 
DOE U.S. Department of Energy 
DPW Directorate of Public Works 
DSPR Duct Static Pressure Reset 
DX Direct Expansion 
EBI Enterprise Buildings Integrator 
ECM Energy Conservation Measure 
EEDRS Enterprise Energy Data Reporting System 
ERDC US Army Engineer Research and Development Center 
ERDC-CERL Engineer Research and Development Center, Construction Engineering 

Research Laboratory 
ESPC Energy Savings Performance Contract 
FPT Functional Performance Test 
FTE Full-Time Equivalent 
FY Fiscal Year 
GSM/GPRS Global System for Mobile Communications/General Packet Radio Service 
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Term Definition 
GUI Graphical User Interface 
HEM Honeywell Energy Manager 
HNC Huntsville Center, Alabama 
HVAC Heating, Ventilating, and Air-Conditioning 
I/O Input/Output 
IA Information Assurance 
IAW In Accordance With 
ICAN Installation Campus Area Network 
ID Identification 
ID/IQ indefinite delivery indefinite quantity 
IDIQ Indefinite Delivery/Indefinite Quantity 
IIS Internet Information Services 
IMCOM U.S. Army Installation Management Command 
IP Internet Protocol 
ISEC Information Systems Engineering Command 
ISSP Integrated Strategic and Sustainability Plan 
IT Information Technology 
LAN Local Area Network 
LNS LonWorks Network Services 
M&C monitoring and control 
M&V Measurement and Verification 
MAC Media Access Control (MAC) 
MCA Military Construction, Army 
MCWB Mean Coincident Wet Bulb 
MCX Huntsville Mandatory Center of Expertise 
MDMS Maintenance Data Management System 
MILCON Military Construction 
MIPR Military Interdepartmental Purchase Request 
MZ Multizone 
N/A Not Applicable 
NA Not Applicable 
NDAA National Defense Authorization Act 
NEC Network Enterprise Center 
NWK Kansas City District 
O&M Operations and Maintenance 
OTS Off the Shelf 
OMB Office of Management and Budget 
OSA Outside Air 
PAIO Plans, Analysis, and Integration Office 
PM Project Manager 
PNNL Pacific Northwest National Laboratory 
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Term Definition 
POA&M Plan of Action and Milestones 
POC Point of Contact 
PPS Ports, Protocols and Services 
PROSPECT Proponent Sponsored Engineer Corps Training 
PV PhotoVoltaic 
PVT Performance Verification Test 
RA Return Air 
RFP Request for Proposal 
RH Relative Humidity 
RMS Root Mean Square 
RPM Revolutions per Minute 
RTU Remote Terminal Unit 
SLA Service Level Agreement 
SI System Integration 
TAB Testing, Adjusting and Balancing 
TFW Tsay/Ferguson-Williams 
TP/FT Twisted-Pair/Free Topology 
TR Technical Report 
TRM Technical Resource Manager 
UFC Unified Facilities Criteria 
UFGS Unified Facilities Guide Specification 
UMCS Utility Monitoring and Control System 
URL Universal Resource Locator 
USACE U.S. Army Corps of Engineers 
USAG U.S. Army Garrison 
USC U.S. Code 
VAC Volt AC 
VAV Variable Air Volume 
VLAN Virtual Local Area Network 
VPN Virtual Private Network 
XML Extensible Markup Language 
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