(oY)
c
F
o
£ 9
¥ ©
w g
C ©
O 4
B <
:0
LL
+— @©
n o
c
o O
O

ERDC/CERL TR-17-26

ERDC

INNOVATIVE SOLUTIONS
us Army Corps for a safer, better world
of Engineersg

Engineer Research and
Development Center

Environmental Security Technology Certification Program (ESTCP)

Systems Approach to Improved
Facility Energy Performance

James P. Miller February 2019

|

— LA
S - I = =
- g i taiTiie -
), I *
3 1 —
I ™y
1 J ]
] [T | o s |1
Approx 7,000 ft2 - Approx 8,000 ft2

Approved for public release; distribution is unlimited.



The U.S. Army Engineer Research and Development Center (ERDC) solves
the nation’s toughest engineering and environmental challenges. ERDC develops
innovative solutions in civil and military engineering, geospatial sciences, water
resources, and environmental sciences for the Army, the Department of Defense,
civilian agencies, and our nation’s public good. Find out more at www.erdc.usace.army.mil.

To search for other technical reports published by ERDC, visit the ERDC online library
at http://acwe.sdp.sirsi.net/client/default.


http://www.erdc.usace.army.mil/
http://acwc.sdp.sirsi.net/client/default

Environmental Security Technology ERDC/CERL TR-17-26
Certification Program (ESTCP) February 2019

Systems Approach to Improved
Facility Energy Performance

James P. Miller

U.S. Army Engineer Research and Development Center (ERDC)
Construction Engineering Research Laboratory (CERL)

2902 Newmark Dr.

Champaign, IL 61824

Final Report

Approved for public release; distribution is unlimited.

Prepared for Strategic Environmental Research and Development Program/Environmental Security
Technology Certification Program (SERDP/ESTCP), Energy and Water Project EW-
201155, via MIPRs No. W74RDV23461416, W74RDV20749510, W74RDV20749509,
W74RDV53553148, and W74RDV70303974.



ERDC/CERL TR-17-26

Abstract

The Department of Defense (DoD) is interested in improving its facilities
to enhance energy performance and improve mold and mildew mitigation.
This research effort used a pair of administrative facilities (Bldgs
1540A&B) at Fort Detrick, MD to investigate the use of radiant heating
and cooling systems to cost effectively improve such facilities using tech-
nologies that are easily maintainable by existing staff. This project found
that: (1) it is feasible to significantly improve the air tightness of an exist-
ing building envelope without implementing major changes or disruptions
to the interior or exterior surfaces of the building envelope; (2) radiant
heating and cooling systems can adequately maintain comfort conditions
in administrative buildings in locations with significant heating and cool-
ing loads; (3) radiant cooling systems, when combined with a Dedicated
Outdoor Air Supply (DOAS) system to properly dehumidify outdoor air
and maintain proper space humidity conditions, can prevent condensation
forming on the surface of the radiant cooling panels; (4) radiant heating
and cooling systems are capable of improved energy efficiency when com-
pared with conventional all-air Heating, Ventilating, and Air-Conditioning
(HVAC) systems; (5) radiant systems are cost competitive with conven-
tional all-air HVAC systems, and (6) radiant systems are easily maintaina-
ble and require no special skills for HVAC technicians.

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

The Department of Defense (DoD) is continually interested in improving
their facilities in a variety of aspects, including enhancing energy perfor-
mance and improving mold and mildew mitigation. This motivated a DoD
funded research effort on a pair of single-story, brick clad administrative
facilities (Bldgs 1540A&B) at Fort Detrick, MD. Bldg 1540A was the focus
of facility improvements, and Bldg 1540B served as the control for com-
parison. These side-by-side buildings were approximately 20 years old, of
separate but nearly mirrored construction, and had the separating space
between them enclosed to enable a continuous roof. However, the two
buildings retained their separate conditioned envelopes. The selected
building related concerns targeted in this research effort, and their corre-
sponding performance objectives, are:

¢ Concern: Mold and mildew problems resulting from uncontrolled rel-
ative humidity (RH).

e Objective: Reduce mold and mildew potential by achieving an aver-
age RH below 60%.

e Concern: Occupant comfort.

e Objective: Satisfy American Society of Heating, Refrigerating, and
Air-Conditioning Engineers (ASHRAE) Standard 55, Thermal Envi-
ronmental Conditions for Human Occupancy.

e Concern: Reducing energy consumption.

e Objectives: Achieve a building air leakage rate less than 0.15 cfm/ft2
at 75 Pa.; Achieve a 20% reduction in heating, cooling, and ventilation
system energy.

e Concern: Economic improvement.

e Objective: Cost-effective investment with a simple payback less than
5 years; Easily maintainable by existing staff.

Each building contained its own heating, ventilating, and air-conditioning
(HVAC) and boiler systems. However, Bldg 1540A was retrofitted with
three complementary and innovative technologies that collectively ad-
dressed the aforementioned concerns. These technologies were:

e Improved building envelope air tightness to minimize unconditioned
outdoor air infiltration.

e A dedicated outdoor air system (DOAS) to properly condition makeup air.
e A ceiling-mounted radiant heating and cooling system.
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These technologies were considered successful despite the fact that they did
not entirely meet some of their aggressive objectives. The analysis and re-
sults from Bldg 1540A were as follows: Blower door testing was used to as-
sess building envelope air leakage, and enabled sealing efforts that de-
creased infiltration from 0.82 to 0.39 cfm/ft2 at 75 Pa. While infiltration
was greater than the 0.15 cfm/ft2 at 75 Pa. objective, it was a 52% reduction
in building air leakage. The DOAS system dehumidified the outdoor air used
to both ventilate the space and to supply makeup air for air that was me-
chanically exhausted. The temperature of the conditioned space was man-
aged by the radiant heat transfer of water flowing through the ceiling panels
— absorbing heat and cooling the space during cold water flow, and emitting
heat and warming the space during hot water flow.

The combined DOAS and ceiling-mounted radiant panel systems demon-
strated their long-term ability to satisfy ASHRAE Standard 55 (2010). The
95th percentile of Bldg 1540A space temperatures and RH values during oc-
cupied hours (6:00 a.m. to 6:00 p.m.) were between 62 and 78 °F, and 28
and 58% RH, respectively. These RH values also satisfied the aim of reduc-
ing mold and mildew potential. Energy reduction goals were also achieved.
Overall, Bldg 1540A consumed 46% less energy compared with the prior fis-
cal year, and 20% less energy than Bldg 1540B during this fiscal year. Eco-
nomically, an absence of maintenance concerns demonstrated the system’s
Operations and Maintenance (O&M) success; however, the system’s 26.7
year simple payback exceeded the 5 year objective. Table ES-1-1 lists the
quantitative and qualitative performance objectives of this work.

Renovation activities in Bldg 1540A began in Nov 2014 and were completed
in Apr 2015. Mechanical system deficiencies in Bldg 1540B were repaired
and both sides of the building were commissioned/recommissioned to oper-
ate according to their respective design intent. Bldg 1540A was reoccupied
in Jun 2015 and a 12-month period of measuring and recording energy per-
formance of both sides of the building commenced in September 2015.
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Table ES-1. Performance objectives.

Performance Objective

Success Criteria

Results

Quantitative Performance Objectives

Reduced building envelope air
leakage

< 0.15 cfm/ft2 of air leakage at 75 Pa

0.39 cfm/ft2 of air leakage at 75 Pa
Estimated 0.27 cfm/ft2 of air leakage at 75 Pa with
improved fenestration

Objective not met.

Reduced energy consumption

20% reduction in heating, cooling and
ventilation system energy

46% reduction in overall energy usage (electric + gas)
Objective met

Cost effectiveness

Simple Payback: < 5 yrs.
Savings-to-Investment Ratio (SIR): > 1.2

Simple Payback of 26.7 yrs.
SIR of 1.0

Objective not met.

Qualitative Performance Objectives

Improved comfort

Temperatures and RH within comfort
criteria defined by ASHRAE Standard 55-
2010, Section 5.2.1.1 “Graphic Zone
Comfort Method”

The building satisfied ASHRAE Standard 55-2010 by
maintaining an average of 70 °F and 43% RH
between 6 a.m. and 6 p.m.

Objective met.

Reduced relative mold/mildew

Measurement of interior surfaces at or

The building’s 43% RH average was well below
ASHRAE’s 60% RH recommendation for the

maintainable

skills required, less O&M burden

potential below 80% surface RH prevention of mold growth.
Objective met
Easily operable and Maintainable by existing staff, no special Objective met

This project resulted in a number of significant findings:

1. Itis feasible to significantly improve the air tightness of an existing build-
ing envelope without implementing major changes or disruptions to the
interior or exterior surfaces of the building envelope.

2. Radiant heating and cooling systems can adequately maintain comfort
conditions in administrative buildings in locations with significant heating
and cooling loads.

3. Radiant cooling systems, when combined with a DOAS system to properly
dehumidify outdoor air and maintain proper space humidity conditions,
can operate without condensation forming on the surface of the radiant

cooling panels.

4. Radiant heating and cooling systems are capable of improved energy effi-
ciency when compared with conventional all-air HVAC systems.

5. Radiant systems are easily maintainable and require no special skills for
HVAC technicians.

6. The radiant system installed in this project did not prove to be cost com-
petitive with respect to a conventional all-air HVAC system. Considering
first cost, energy savings, and reduced maintenance costs, the demon-
strated system was calculated to have a long simple payback of 26.7 years.
Nevertheless, it may be possible that using different approaches and tech-
nologies could cause a radiant system to compete favorable with tradi-
tional all-air HVAC systems.
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1 Introduction

This project was originally conceived as a result of the Army’s efforts to ad-
dress chronic and persistent mold and mildew problems in Army facilities.
Mold and mildew infestations of Army facilities pose indoor air quality
concerns and risk the health, wellness and quality of life of soldiers. Reme-
diating mold and mildew in facilities costs the Army millions of dollars an-
nually.

In recent years, mold and mildew became a public relations concern for
the Army and the other services as well. Major news stories documented
the poor state of Army barracks facilities. For example, USA TODAY
(2008) reported that “At Fort Campbell, soldiers struggle in the hot Ken-
tucky summers to keep mold from taking over their showers.” As a result
of a 2008 worldwide review of conditions in barracks facilities, the Army
committed to spend $248 million to address mold, plumbing, and temper-
ature-control problems at eight major installations in the Continental
United States (CONUS) and Hawaii (USA Today 2008).

Concerns about mold and mildew in Army facilities are not a recent occur-
rence. For many years, the Army has attempted to address these problems
through routine maintenance, minor remediation efforts, and major reno-
vation of Army facilities. In many cases, building interiors were completely
demolished and replaced and new HVAC systems installed. Unfortunately,
in spite of the millions of dollars invested, the Army’s efforts to get a han-
dle on this issue persistently failed to achieve long-term fixes. Both newly
constructed and recently renovated facilities in hot and humid locations
commonly experienced mold and mildew problems within a few years of
completion.

Project Background and Potential Contribution to DoD. This project was
initiated to demonstrate integration of three innovative technologies that
would address DoD’s need to simultaneously address mold and mildew
problems, maintain indoor air quality, provide occupant comfort, and re-
duce energy consumption in military facilities. Building envelope improve-
ments reduce infiltration of moist outdoor air in and through wall struc-
tures where it can contribute to ideal conditions for development of mold
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and mildew, cause damage to building structural elements and architec-
tural finishes, and negatively affect health and comfort within facilities.
Reduced infiltration of unconditioned outdoor air also lowers a building’s
overall heating and cooling loads, eliminates drafts, and improves occu-
pant comfort.

A tightened building envelope increases the importance of assuring ade-
quate ventilation. Many military facilities employ variable air volume
(VAV) systems, which are notorious for their inability to deliver adequate
ventilation air at part load conditions. This problem is addressed by inte-
gration of a dedicated outdoor air system (DOAS), which provides the re-
quired volume of conditioned ventilation air under all load conditions. In
addition, a DOAS system is better able to dehumidify air entering a build-
ing because it modulates its dehumidification capacity based on the actual
moisture content of the ventilation air stream.

Combining an improved, tightened building envelope with a DOAS system
enables excellent control of humidity conditions inside a building. With
humidity conditions under control, a radiant heating and cooling system
becomes a feasible choice for managing the sensible comfort conditions in-
side of the building. Radiant systems heat and cool spaces by circulating
hot (or chilled) water through radiant ceiling panels so that heat transfer
between objects and occupants in the space and the radiant heating/cool-
ing process occurs primarily via radiant heat transfer (rather than by con-
vective heat transfer). The radiant panel system is expected to perform
better than a conventional HVAC system. According to the Dec 2013
ASHRAE Journal article “Cooling Load Calculations For Radiant Systems”
(Bauman, Feng, and Schiavon 2013), an experimental study revealed “The
radiant system has a higher cooling rate than the air system, meaning that
it is faster to remove heat gains while maintaining equivalent comfort con-
ditions. For the tested cases, 75% to 82% of the total heat gain was re-
moved by the radiant system ... while for the air system, 61% to 63% was
removed.” With good control of humidity conditions in the building, there
should be little risk of moisture condensing on the cold surfaces of radiant
panels when operating in the cooling mode.
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Project Intent: The intent of this project was to demonstrate the feasibility
and benefits resulting from the integration of building envelope improve-
ments with a DOAS system and a radiant heating/cooling system. The sig-
nificance of this effort included:

e Tightened Building Envelope: Significant tightening of the Bldg
1540A envelope was an important accomplishment because it demon-
strated the potential for DoD to greatly improve the building envelopes
of many thousands of existing military facilities. In many cases, the
Contractor used minimally invasive sealant methods such as sealing
with closed-cell spray polyurethane foam (ccSPF) and/or caulking with
backer material where necessary. In several locations, large unfinished
openings in the building’s air barrier were sealed with gypsum board
and drywall compound.

e Proper Building Ventilation and Humidity Control: We suc-
cessfully demonstrated that a DOAS system can maintain building hu-
midity conditions at levels that will not cause condensation on radiant
cooling surfaces and maintain building conditions that are relatively
less favorable to the formation of mold and mildew than buildings
without a DOAS system.

e Radiant Heating/Cooling System: By successfully installing and
demonstrating a radiant heating/cooling system we showed that it is
possible to condition a building in a humid climate without experienc-
ing condensation on cool radiant surfaces. We also demonstrated that
radiant heating/cooling systems are able to efficiently and cost effec-
tively heat and cool admin/training facilities and satisfy occupant com-
fort requirements while being easily operable and maintainable.

Project Timeline. ESTCP approved this project for funding in Fiscal Year
2011 (FY11). An extended project delay occurred resulting from a decision
by the original demonstration site to withdraw from the project. Our origi-
nal proposal to ESTCP was to perform this demonstration on a VOLAR
Barracks facility at Fort Polk, LA. As Fort Polk was in the midst of an on-
going program to renovate 31 of these existing barracks facilities, we pro-
posed to revise the plans and specifications for one of these facilities and
have the renovation Contractor execute the revised plans and specifica-
tions on that facility. Following Fort Polk’s withdrawal from the demon-
stration, we conducted a DoD-wide search to find a suitable replacement
demonstration site. Fort Detrick’s Bldg 1540 was identified as the new
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demonstration site. Because Bldg 1540 was quite different from the VO-
LAR Barracks at Fort Polk, our entire approach to the project had to be re-
vised. A revised proposal was submitted to ESTCP in the second quarter of
FY12. Subsequently, ERDC Contract No. W9132T-14-C-0001 was awarded
to the PERTAN Group on 30 Oct 2013. This project was scheduled to be
executed over a 30-month period. Table 1-1 lists major project milestones

and descriptions of these milestones.

Table 1-1. Project milestones.

Milestone Start Finish
Contract Award 30 Oct 2013 |30 Oct 2013
Onsite Kickoff Meeting 20 Nov 2013 |20 Nov 2013
;E\e;fe?gi’;A(li[;A%At;]ess Testing of Demonstration Building 7 May 2014 |8 May 2014
Prepare Concept Retrofit Design 12 May 2014 (20 Jun 2014
Finalize Retrofit Design 21 Jun 2014 |6 Aug 2014
Retrofit System Installation (1540A) 17 Nov 2014 |24 Apr 2015
System Commissioning of Demonstration Bldg (1540A) 7 May 2015 |8 May 2015
;ﬁf\}glr;selr(ygzgn;is Testing of Demonstration Building 10 Aug 2015 |14 Aug 2015
:;jaesn‘;tll;‘rl;ag(l)dng, r1e5pjcl)rBof Mechanical System Deficiencies in 6 Mar 2014 |7 Aug 2015
Recommissioning of Baseline Bldg 15408 10 Aug 2015 |14 Aug 2015
Energy Monitoring 1 Sep 2015 |30 Sep 2016
Data Analysis and Draft Final Report 1 Sep 2015 |30 Sep 2016
Final Report and Cost and Performance (C&P) Report 1Jan 2017 |31 Mar 2017
*Due to weather conditions, air barrier testing of Bldg 1540A in Mar 2014 was repeated 7-
8 May 2014.

1. “Before” Air Tightness Testing of Demonstration Building Envelope. At the

start of the project, the demonstration side of the facility (1540A) under-
went air barrier testing to establish the existing air leakage rate (measured
as cfm/ft2 of leakage through the building envelope @75 Pa) for the
demonstration facility (refer to Section 6.1 “Baseline Performance”).

2. Prepare Concept Retrofit Design. Based on the results of “Before” air tight-
ness testing, as-built drawings, and a survey of existing conditions, PER-
TAN prepared a concept design for building system improvements (im-
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proved building envelope, DOAS system and radiant heating/cooling sys-
tem) (refer to Chapter 2, “Technology Description”). They also developed a
concept instrumentation plan and data acquisition system design, which
were submitted for Government review/comments.

Finalize Retrofit Design. After receiving Government review comments, PER-
TAN prepared a final demonstration design for building system improvements
and a design for the instrumentation and data acquisition system.

Retrofit System Installation. PERTAN subcontracted with a general Con-
tractor (Musser Mechanical, Mercersburg, PA) to install the retrofit design.
This included system commissioning of the demonstration facility and re-
pairing and recommissioning of the baseline facility to ensure that it was
operating according to its original design intent. Other subcontractors in-
stalled instrumentation and a data acquisition system for measuring and
recording operational data.

“After” Air Tightness Testing of Demonstration Building Envelope. “After”
testing was performed to establish the air leakage rate for the improved
demonstration facility (refer to Section 6.1, “Baseline Performance”).
Identification, Repair of Mechanical System Deficiencies in Baseline Bldg
1540B. Numerous deficiencies were identified in the baseline Bldg 1540B
system, which were certain to impact the energy performance of Bldg
1540B. After trying unsuccessfully to get these deficiencies repaired by the
Directorate of Public Works (DPW), we executed a contract modification
to have the demonstration Contractor make the necessary repairs.
Recommissioning of Baseline Bldg 1540B: Following completion of repair
work in Bldg 1540B, the building was recommissioned to ensure that it
was performing per its original design specifications.

Energy Monitoring: On completion of renovation, commissioning and in-
stallation of performance data collection systems in Bldgs 1540A&B, PER-
TAN collected and analyzed performance data for a period of 12 months
(refer to Section 5.5, “Sampling Protocol”). Because repair and recommis-
sioning of Bldg 1540B was completed in Sep 2015, the Energy Monitoring
period was extended through Sep 2016.

Data Analysis and Draft Final Report: On completion of the Energy Moni-
toring period, the Contractor completed the data analysis and prepared a
draft final report.

Final Reports: After submittal and review of the draft Final Report, CERL
incorporated ESTCP’s comments into a Final Report and a C&P Report
(refer to Chapter 7, “Cost Assessment”).
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1.1

Objective

The objective of this project was to demonstrate the energy performance,
occupant comfort and sustainability benefits of integrating three comple-
mentary technologies (improved building envelopes to minimize uncon-
trolled infiltration of unconditioned outdoor air, DOAS to accurately de-
liver properly conditioned outdoor air, and radiant heating/cooling sys-
tems) in a military facility. The findings from this project will not influence
or change ASHRAE or other national standards by itself, but can add mo-
mentum to larger, collective research efforts concerning radiant cooling
systems (e.g., the Center for the Built Environment’s ongoing Radiant Sys-
tems Research, http://www.cbe.berkeley.edu/research/radiant-sys-
tems.htm) (UC Regents 2014)).

This project will help DoD to improve building energy performance by
demonstrating the value and feasibility of achieving very airtight building
envelopes for both new and existing facilities. Combined with DOASs to
accurately control delivery of properly conditioned outdoor air, building
interior humidity conditions can be controlled at levels that make radiant
heating and cooling feasible. Improved building envelopes reduce the
amount of outdoor air required to pressurize buildings while DOAS sys-
tems deliver properly conditioned outdoor air to meet occupant ventilation
requirements. Radiant heating/cooling provides occupant comfort with
less energy than conventional “all-air” systems. According to the 2015
ASHRAE Handbook: HVAC Applications (ASHRAE 2015), “... a conserva-
tive limit for no mold ever, on anything at any temperature, is below 60%
RH.” Therefore, by maintaining less than 60% RH inside the facility and
reducing infiltration of unconditioned outdoor air, there should be a rela-
tively negligible probability of mold and mildew problems in the building.

Validate: This project installed the subject technologies in one half of the
study facility (Bldg 1540A) and the other half of the facility (Bldg 1540B) re-
mained unrenovated to serve as a baseline. The energy performance of the
renovated and baseline portions of the facility was recorded, analyzed, and
compared. The relative economics of the two halves of the facility were also
compared, including the first cost of demonstrated technologies vs. first cost
of a conventional design, as well as the relative maintenance and energy
costs. In addition, the relative comfort of the two facilities were compared.


http://www.cbe.berkeley.edu/research/radiant-systems.htm
http://www.cbe.berkeley.edu/research/radiant-systems.htm
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Findings and Guidelines. The insights gained from the demonstration illus-
trate the possibility of significantly improving the air tightness of existing
building envelopes. By successfully controlling humidity in the building, we
have demonstrated that it is possible to radiantly heat and cool a facility with-
out increasing the risk of condensation on cool surfaces within the building.

With a calculated simple payback of 26.7 years, this project did not success-
fully demonstrate the cost effectiveness of radiant heating/cooling systems
with respect to conventional all-air HVAC systems. Nevertheless, it may be
that radiant systems could be found to be cost competitive with all-air
HVAC systems as designers and installers gain experience with these sys-
tems and as the suppliers of radiant system components achieve increased
sales volume. It is also possible that the energy performance of the demon-
strated system could be further optimized to realize greater energy savings.
Due to network security restrictions, it was very difficult for the Contractor
to adjust system parameters to attempt to optimize performance.

In older facilities that may not have adequate interstitial space above the ceil-
ing to facilitate installation of HVAC ductwork, radiant systems could prove
to be a viable method of providing heating and cooling in these spaces.

Technology Transfer. This project demonstrated a novel approach to con-
trolling environmental conditions in an active military facility in a hot and
humid portion of the country. This technology will be transferred by arti-
cles on the Whole Building Design Guide (WBDG) website and by updat-
ing Unified Facilities Criteria (UFC) 3-410-01, Heating, Ventilating, and
Air-Conditioning Systems (HQUSACE, NAVFAC, and AFCESA 2011). It
will also be documented in an ERDC Technical Report and articles in pub-
lications such as the Army’s Public Works Digest, The Military Engineer,
and the ASHRAE Journal. We will also submit an article to Dr. Stanley
Mumma’s DOAS-Penn State University website (http://doas.psu.edu/).* Dr.
Mumma is a highly published expert on radiant heating and cooling and
DOAS systems.

* Dr. Stanley Mumma, of Penn State University, State College, PA, is a source of a wealth of information
on dedicated outdoor air systems and radiant heating/cooling systems. See, for example:
http://doas.psu.edu/
http://www.cbe.berkeley.edu/research/radiant_cooling.htm

http://www.healthyheating.com/Page%2055/Page_55_i_cooling_eqg.htm



http://doas.psu.edu/
http://doas.psu.edu/
http://www.cbe.berkeley.edu/research/radiant_cooling.htm
http://www.healthyheating.com/Page%2055/Page_55_i_cooling_eq.htm
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1.2

Acceptance. This project showed that this technology, particularly radiant
cooling, can be successfully used in the hot and humid southeastern
United States. If it can work well in that portion of the country, and if it
can ultimately be shown to be economically competitive (on a first cost ba-
sis) while reducing maintenance costs and satisfying occupant comfort re-
quirements, it will overcome the reluctance of other DoD locations to try a
technology that appears to be novel and unproven.

Additional Benefits. This project will benefit the radiant heating and cool-
ing industry. Radiant heating enjoys a small niche in the industry, but
would probably realize a significant increase if it could be shown that radi-
ant heating and radiant cooling are both technically feasible and economi-
cally viable. Currently, there is little incentive to install a radiant heating
system in a space if it is also necessary to install an all-air cooling system,
which would require investment in two different systems.

Deliverables. Deliverables include an ERDC/CERL technical report, an ar-
ticle submitted to The Military Engineer (Society of American Military En-
gineers) and to the ASHRAE Journal. We will also submit articles to the
Army’s Public Works Digest and to Air Force and Navy equivalents.

Background

Current State of Technology in DoD. USACE issued Engineering and Con-
struction Bulletin (ECB) 2009-29, Building Air Tightness Requirements,
on 30 Oct 2009 (HQUSACE 2009). For all new Army construction pro-
jects and all major Army renovation construction projects after FY1o, ECB
2009-29 required that building envelope air barrier material(s) must have
an air permeance not to exceed 0.004 cfm/ft2 at 0.3 inches of water gauge
(iwg) [0.02 L/s-m2 @75 Pa] when tested in accordance with American So-
ciety for Testing and Materials (ASTM) E 2178 (ASTM 2013). It also re-
quired testing of the completed building to demonstrate building envelope
air leakage of less than 0.25 cfm/ft2 (1.25 L/s-m?2) at a pressure differential
of 0.3 iwg (775 Pa) in accordance with ASTM E779, Standard Test Method
for Determining Air Leakage Rate by Fan Pressurization (ASTM 2003a)
or ASTM E 1827, Standard Test Methods for Determining Air tightness of
Buildings Using an Orifice Blower Door (ASTM 2011)
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DoD recognizes the importance of achieving airtight building envelopes as
a means of reducing building energy consumption and minimizing the in-
filtration of moist air into the building interior. Subsequent to the Army’s
adoption of ECB 2009-29, the DoD issued UFC 3-101-01 (HQUSACE,
NAVFAC, and AFCESA 2011). Per this Tri-Service document, the Army
and Navy adopted the ECB 2009-29 requirements. For Air Force projects,
the building air leakage rate shall not exceed 0.4 cfm/ft2 (2.00 L/s-m?2)
when test results measured at a pressure differential of 0.2 iwg (50 Pa) are
extrapolated to 0.3 iwg (75 Pa).

USACE’s experience with new construction has shown that meeting the re-
quirement for envelope leakage not to exceed 0.25 cfm/ft2 at a pressure
differential of 0.3 iwg (75 Pa) is quite achievable for new construction. A
number of new construction projects have been documented with air leak-
age rates as low as 0.1 cfm/ft2 at a pressure differential of 0.3 iwg (75 Pa).
It is, however, much more difficult to achieve air leakage rates this low on
renovation projects, depending on the extent of the renovation work. Re-
gardless of the challenge, benefits can still be realized. For example, re-
search has demonstrated that improvements in window sealing can de-
crease building leakage 5 to 30%. (U.S. Department of Energy 2016).

VAV systems often fail to deliver required quantities of ventilation air to
occupied spaces as a building’s cooling load is reduced. Central air han-
dling units (AHUs) and fan coil units (FCUs) often lack the latent cooling
capacity to adequately control building moisture levels, especially at re-
duced sensible cooling levels. As a result, DOASs are increasingly being
used on new construction and renovation projects as they are recognized
as being more capable of controlling the quantity and quality of ventilation
air than other HVAC systems.

DOAS systems and improved building envelopes are complementary tech-
nologies. As building envelopes are tightened, it becomes more critical to
ensure adequate quantities of ventilation air because uncontrolled infiltra-
tion of outdoor air cannot compensate for inadequate delivery of ventilation
air by the HVAC system. DOAS systems are able to reliably provide required
quantities of ventilation air under a variety of building operating conditions.
In general with any HVAC system, a tighter building envelope minimizes air
leakage, thereby allowing the DOAS system to be downsized to deliver suffi-
cient outdoor air to maintain a slight positive pressure within the facility.
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Radiant heating systems are widely used in the DoD in shops, high bay
maintenance facilities, hangars and other applications. They have been
shown to heat such facilities more effectively than traditional forced air
systems. By radiantly warming objects in a space rather than directly heat-
ing the air in the space, occupants perceive comfort in relation to the radi-
ant temperature of their surroundings. Radiant heating systems are qui-
eter and cleaner than forced convection systems in that they do not me-
chanically circulate air. Hydronic radiant heating systems can provide
comfort at lower hot water temperatures than forced air heating systems,
which improves the efficiency of the hot water generation system. In addi-
tion, it is more energy efficient to deliver a given quantity of heating en-
ergy hydronically (via a pump) than through forced air (via a fan).

Radiant cooling systems are not widely used in the U.S. construction in-
dustry although they have enjoyed increasing use in Europe and Australia.
Like hydronic radiant heating systems, radiant cooling systems (which are
inherently hydronic) are quieter and cleaner than forced air systems. They
also require less energy to deliver a given amount of cooling capacity and
can effectively provide occupant comfort while using chilled water that is
warmer than the air of conventional forced air cooling systems.

Hydronic radiant heating/cooling systems have not penetrated the U.S.
construction industry for at least a couple of reasons. First, the American
construction industry is relatively unfamiliar with radiant heating/cooling
systems. As a result, most designers are reluctant to use technologies that
appear to be novel or unproven. Secondly, there is a well-founded concern
that cool surfaces of radiant cooling systems could be subject to condensa-
tion. This project demonstrated that this possible problem can be avoided
by combining a tight building envelope (to prevent uncontrolled infiltra-
tion of unconditioned outdoor air) with a DOAS system to control the
moisture levels of outdoor air introduced to the building, hence the dew-
point of the air within the conditioned spaces can be maintained at levels
that will not result in condensation on cooling surfaces.

Technology Opportunity. If adopted, the combination of these technolo-
gies could have a significant impact on DoD’s mission accomplishment,
energy costs, energy security and attainment of energy goals. DoD annu-
ally spends millions of dollars to renovate buildings that have been con-
taminated with mold and mildew. This project sought to demonstrate a
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1.3

way to reduce the potential for mold and mildew formation in existing
buildings while efficiently and cost effectively heating and cooling these fa-
cilities and satisfying occupant comfort requirements. This project enables
DoD to greatly reduce the high costs of remediating mold and mildew in
military facilities while saving energy, thereby helping the DoD to meet en-
ergy performance mandates.

Regulatory drivers

e Executive Orders:

Executive Order (EO) 13423 — NOTE: Revoked by EO 13693 on 19
Mar 2015.

Agencies shall:

Reduce energy intensity by 3% annually through the end of FY2015,

O

or

Reduce energy intensity by 30% by the end of FY2015, relative to an
FY2003 baseline.
Ensure that:

*

*

New construction and major renovation of agency buildings
complies with the Guiding Principles for Federal Leadership in
High Performance and Sustainable Buildings.

15% of the existing Federal capital asset building inventory of
the agency as of the end of FY2015 incorporates the sustainable
practices in the Guiding Principles.

EO 13514 — NOTE: Revoked by EO 13693 on 19 Mar 2015.

Implement high performance sustainable Federal building design,
construction, operation and management, maintenance, and decon-
struction by:

*

Ensuring all new Federal buildings entering the design phase in
2020 or later are designed to achieve zero net energy by 2030.
Ensuring all new construction, major renovations, or repair or
alteration of Federal buildings comply with the Guiding Princi-
ples for Federal Leadership in High Performance and Sustaina-
ble Buildings (USEPA 2006).

Ensuring at least 15% of existing agency buildings and leases
(above 5,000 gross square feet) meet the Guiding Principles by
FY2015 and that the agency makes annual progress towards
100% compliance across its building inventory.
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O

*  Pursuing cost-effective, innovative strategies to minimize con-
sumption of energy, water, and materials.

* Managing existing building systems to reduce the consumption of
energy, water, and materials, and identifying alternatives to reno-
vation that reduce existing asset deferred maintenance costs.

EO 13693 — Agencies shall: Promote building energy conservation,

efficiency, and management by reducing agency building energy in-

tensity measured in British thermal units per gross square foot by

2.5% annually through the end of fiscal year 2025 (FY25), relative

to the baseline of the agency’s building energy use in FY15 and tak-

ing into account agency progress to date.

o Legislative Mandates:

(@)

Energy Policy Act of 2005 (EPACT) — New Federal buildings shall
be designed to require 30% less energy than buildings designed in
accordance with ASHRAE Standard 90.1-2004 (ASHRAE 2004) or
the International Energy Code.

Energy Independence and Security Act of 2007 (EISA) — New and
renovated Federal buildings must reduce fossil fuel use by 55%
(from 2003 levels) by 2010, and 80% by 2020. All new Federal
buildings must be carbon-neutral by 2030.

e Federal Policy: Federal Leadership in High Performance and Sus-

tainable Buildings Memorandum of Understanding (MOU) (USEPA
2006).
Energy Efficiency: For new construction, reduce the energy cost

budget by 30% compared with the baseline building performance rat-
ing per ASHRAE Standard 90.1-2004 (ASHRAE 2004) . For major ren-
ovations, reduce the energy cost budget by 20% below the pre-renova-

tion 2003 baseline.

Ventilation and Thermal Comfort: Meet the requirements of
ASHRAE Standard 55-2010, Thermal Environmental Conditions for
Human Occupancy (ASHRAE 2010), including continuous humidity
control within established ranges per climate zone, and ASHRAE
Standard 62.1-2004, Ventilation for Acceptable Indoor Air Quality
(ASHRAE 2004).

Moisture Control: Establish and implement a moisture control
strategy for controlling moisture flows and condensation to prevent
building damage and mold contamination.


http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Carbon-neutral

ERDC/CERL TR-17-26

13

e DoD Policy: “2016 Strategic Sustainability Performance Plan,” En-
ergy Security MOU with the U.S. Department of Energy (USDOE)
(OMB 2016).

e Service Policy: Army, Navy, Air Force.

e Regulations: Air Force Instructions.

e Guides: Whole Building Design Guide (WBDG, http://www.whdg.org/).

e Specifications: ASHRAE, Leadership in Energy and Environmental
Design (LEED).



http://www.wbdg.org/
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2.1

2.2

Technology Description

Technology overview

Bldg 1540A used two complementary technologies to manage occupant
comfort, the DOAS and radiant ceiling panel systems. The DOAS system
dehumidifies the outdoor air used to both ventilate the space and supply
makeup air to replace air that was mechanically exhausted. The tempera-
ture of the conditioned space was managed by the radiant heat transfer
from the heating/cooling water flowing through the radiant ceiling panels.
Pumps supplied either heated or chilled water through the radiant ceiling
panels depending on the system’s demand for heating or cooling. There-
fore, the panels either absorbed heat and cooled the space during chilled
water flow, or emitted heat and warmed the space during hot water flow.

Description

Radiant heating systems have been around for centuries in the form of
fireplaces, cast iron radiators, and other devices. Radiant heating systems
have been incorporated into heated floors and gas-fired radiant heaters,
which see widespread usage in shops and high bay facilities.

This project made use of a hydronic radiant heating/cooling system. The
system consisted of metallic panels that were incorporated in a 2x4 ft. grid
ceiling system and metallic “cloud” panels suspended from the unfinished
ceiling of a conference room and a training room. Hot or chilled water was
piped through a serpentine copper tubing network that was thermally
bonded to the upper surface of the metallic panel system. Insulation was
applied above the panels in accordance with the manufacturer’s recom-
mendations. Radiant heat transfer with the room occurred primarily due
to the 4th power of the temperature difference between objects in the room
and the surface of the radiant ceiling panels. Figure 2-1 shows a schematic
of a typical hydronic radiant panel.

Figure 2-2 shows an upper surface view of a two-circuit radiant panel for
installation in a ceiling grid. Figure 2-3 shows the finished surface side of a
grid-mounted panel illustrating that the finished surface can be designed
to match the surrounding suspended-ceiling system, in this case, to resem-
ble an acoustic ceiling tile.



ERDC/CERL TR-17-26

15

Figure 2-1. Radiant heating/cooling panel for ceiling mount application.

Figure 2-2. Upper surface view of a two-circuit radiant heating/cooling panel for suspended-
ceiling application.

Figure 2-3. Finished surface view of a suspended-ceiling radiant panel.
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Two configurations of radiant panels were used on this project. In condi-
tioned spaces with existing grid ceilings, 2x4-ft grid-mounted radiant pan-
els were used. In conditioned spaces without an existing grid ceiling,
“cloud” panels were suspended from the hard overhead ceiling. Depending
on zone load requirements, some panels were two-circuit panels that in-
corporated separate heating and cooling tubing. In some spaces, addi-
tional “cooling-only” panels were installed to satisfy cooling requirements
beyond the capacity of the two-circuit panels. Figures 2-4 and 2-5 show par-
tial plan views of radiant panel installation in Bldg 1540A.

Note that a number of rooms in Bldg 1540A were not retrofitted with radi-
ant panels. In the Bldg 1540A side of Figure 2-6, the spaces were condi-
tioned as follows:

e Purple spaces (admin, conference room, training) — radiant heat-
ing/cooling

e Yellow spaces (mechanical/electrical) — unconditioned

e Green spaces (locker room/restroom) — exhausted only

e Red spaces (arms storage) — existing unit heater, split DX Alternating
Current (AC) system

e White spaces (general storage/work area) — existing hydronic unit
heaters.

In the Bldg 1540B side shown in Figure 2-6, the spaces were conditioned
in the same manner except that the Purple spaces (admin, conference
room) were conditioned with a DX VAV air handling unit with hot water
reheat coils at the VAV boxes.

We deliberately elected not to install radiant heating/cooling in spaces in
Bldg 1540A that were not previously conditioned by its existing VAV air
handling unit. First, it seemed to be unnecessary to attempt to condition
spaces beyond what was already provided. Second, if we had installed
heating and/or cooling in spaces that were not previously so provided, any
attempts to compare the energy performance of the demonstrated system
with that of the original system or with that of the baseline system in Bldg
1540B would have become irrelevant. Finally, for budget purposes, we pri-
oritized designing and installing a system that effectively conditioned
spaces that were previously conditioned rather than attempting to condi-
tion the entire facility.
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Certainly, electing not to cool the general storage/work area reduced the
building’s cooling load. On hot days, the warm temperatures in the general
storage/work area would have induced additional cooling load on the adja-
cent fully conditioned spaces (conference room, Information Assurance
training room, admin spaces), but it would be highly speculative to at-
tempt to quantify the effect.

The radiant panel system is supplied with hot water from an existing boiler
and chilled water from a new air-cooled chiller. Figure 2-7 shows the layout
of the hot water system and Figure 2-8 shows a schematic of the chilled wa-
ter system. Note that chilled water is delivered to the DOAS AHU’s cooling
coil at 42 °F and leaves at 49 °F. Chilled water is then delivered to the
three-way mixing valve where it is blended with return water from the ra-
diant cooling panels. The chilled water is then delivered to the radiant
cooling panels where it is supplied at 61 °F and leaves at 66 °F. Cascading
chilled water from the DOAS AHU’s cooling coil improves system effi-
ciency by providing a larger AT to the chiller. Also, delivering warmer
chilled water to the ceiling-mounted radiant cooling panels minimizes the
risk of condensation on the cool surfaces of the panels by keeping the
panel surfaces above the dewpoint temperature of the air within the condi-
tioned spaces.

Figure 2-9 shows the DOAS AHU. This is a constant volume device that fil-
ters and preheats (if needed) outside air. The air then passes through an
enthalpy wheel where it exchanges energy (sensible and latent) with build-
ing exhaust from the latrines. The ventilation air then passes through a
deep cooling coil that cools and dehumidifies it before it enters the reheat
coil where it is warmed to a neutral temperature before delivery to the oc-
cupied zones.
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This technology has applicability to buildings that have tight envelopes
and that have capability of controlling indoor humidity. It would not be
applicable to buildings in humid climates with leaky building envelopes, or
to buildings that were frequently operated with doors or windows open to
the outdoor environment because such openings would allow uncondi-
tioned humid outdoor air to enter the building where it would condense on
cool radiant panel surfaces. The technology may also be unsuitable for
comfort cooling in zones with a very high cooling load as the radiant pan-
els may not have sufficient cooling capacity to satisfy the load require-
ments. At average panel surface temperatures of 63.5 °F (61 °F entering
water temperature and 66 °F leaving water temperature), the panels have
a cooling capacity of 82 British Thermal Units (BTU) per ft2 (24.03 Watt-
hr per ft2). Of course, one could increase the cooling capacity by lowering
the average panel surface temperature as long as the dewpoint tempera-
ture of the air within the conditioned spaces remains below the average
panel surface temperature.

2.2.1 Comparison to existing technology

Radiant heating/cooling differs from “conventional” HVAC systems in its
primary mode of heat transfer. Conventional HVAC systems primarily
transfer heat by forced convection. They directly heat (or cool) the air sup-
plied to a space. The supply air mixes with the room air so that by control-
ling the quantity (and/or temperature) of heated (or cooled) air delivered
to the space, the mixed air temperature in the space is maintained at a
level that the occupants perceive as comfortable. Radiant heating/cooling
primarily transfers heat radiantly. Radiant systems use large surface areas
maintained at a slightly warmer (or cooler) temperature than the skin tem-
perature of the occupants to transfer heat to (and from) the occupants.

Because radiant heat transfer is directly proportional to the 4t power of
the temperature difference between two objects, it is not necessary to have
a large temperature difference between two objects to transfer significant
heat. As a result, radiant systems can operate effectively with cooler heat-
ing water (and warmer cooling water) than conventional forced convection
systems. By being able to use cooler heating water (and warmer cooling
water), it is possible to generate heating water and cooling water more effi-
ciently. Depending on availability, it is possible to cascade water leaving a
heating coil (or leaving a cooling coil) to take advantage of the heating
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(cooling) capacity of the water before returning it to the boiler (or chiller).
When this arrangement is used, the boiler (or chiller) sees a larger AT, re-
sulting in improved capacity and increased efficiency.

The radiant panel system was expected to perform better than the conven-
tional fan coil HVAC system. According to the Dec 2013 ASHRAE Journal
article “Cooling Load Calculations For Radiant Systems” (Bauman, Feng,
and Schiavon 2013), an experimental study revealed “The radiant system
has a higher cooling rate than the air system, meaning that it is faster to
remove heat gains while maintaining equivalent comfort conditions. For
the tested cases, 75 to 82% of the total heat gain was removed by the radi-
ant system ... while for the air system, 61 to 63% was removed.”

Radiant heating/cooling systems are made feasible by a tight building en-
velope and by use of a DOAS. This combination controls humidity levels
within the building so that moisture and condensation problems do not
occur on radiant cooling surfaces. Although all persons have experienced
radiant heating/cooling (e.g., sitting in front of a fireplace or sitting near a
large window on a sunny day or on a very cold evening), very few modern
buildings in the United States attempt to actively control occupant comfort
primarily through radiant heat transfer.

To enable the radiant system to operate effectively, the Contractor signifi-
cantly improved the air tightness of the building envelope using minimally
invasive sealant methods such as sealing with closed-cell spray polyure-
thane foam (ccSPF) and/or caulking with backer material where neces-
sary. Our successful demonstration of this combination of envelope sealing
technologies was quite challenging. Nevertheless, we believe it is an im-
portant capability to implement throughout DoD.

2.2.2 Chronological summary

This is a mature technology. It has been used extensively in Europe, but
has not enjoyed much use in the United States. This is partly due to higher
humidity and higher cooling needs in the United States compared with Eu-
rope; in the United States, there are concerns about condensation of mois-
ture on cool surfaces, which can be a real issue if building humidity levels
are not well controlled. Another concern has to do with the return on in-
vestment (ROI) of a radiant system vs. an all-air system. The perception
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2.3

has been that radiant systems are not as cost-effective as conventional all-
air systems. This project addressed both humidity control issues and ROI
concerns.

2.2.3 Future potential for DoD

Radiant heating/cooling systems with DOAS can reduce energy consump-
tion and could be very helpful in moving DoD a step closer to Net Zero En-
ergy facilities. Radiant heating/cooling systems require less above-ceiling
space than all-air systems, which require ducts and could prove to be quite
useful in retrofit of existing buildings where space above the ceiling is very
limited. Applications of radiant heating/cooling could be widespread to
many types of facilities.

Technology development

Modern hydronic radiant technology has been used in various configura-
tions for many years as an alternative to all-air HVAC systems to condition
occupied spaces. Several authors over the decades attest to the research
and deployment of radiant technology, predominantly in Europe, and the
successfully operation of this technology and its systems. There are several
International Standard Organization (ISO) and ASHRAE standards that
have been developed to guide the design and installation of hydronic radi-
ant ceiling systems. According to Mumma (2001), Europeans have de-
ployed Ceiling Radiant Cooling Panels, in connection with DOAS, since the
mid-1980s with little adoption in the United States although there are rel-
atively few barriers prohibiting their adoption.

The type of linear radiant panel used on this project is a mature technology
that has been used in Europe for many decades. These panels have most
predominantly been deployed within Europe and Canada. In recent dec-
ades this configuration has been adopted in the United States as an alter-
native to all-air systems. The designer and manufacturer of these panels,
Frenger Systemen BV," was founded in 1950 in the Netherlands. At the
same time, the company installed their first heated ceiling application. In
1960 the first chilled ceiling was installed. Twa Panel Systems, Inc., the

* BV = Besloten Vennootschap (Dutch or “Limited Company”)


http://encyclopedia.thefreedictionary.com/Besloten+Vennootschap
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2.4

Frenger Panel manufacturer and distributor, was first established in 1986
to support the installation of this system in North America.

The radiant panel system is expected to perform better than the conven-
tional HVAC system. According to the Dec 2013 ASHRAE Journal article
“Cooling Load Calculations For Radiant Systems” (Bauman, Feng, and
Schiavon 2013), an experimental study revealed “The radiant system has a
higher cooling rate than the air system, meaning that it is faster to remove
heat gains while maintaining equivalent comfort conditions. For the tested
cases, 75% to 82% of the total heat gain was removed by the radiant sys-
tem ... while for the air system, 61% to 63% was removed.”

Advantages and limitations of the technology
2.4.1 Performance advantages

This combination of technologies may reduce overall energy consumption
by delivering heating and cooling energy to occupied spaces more effi-
ciently than all-air systems. Fan energy is a significant portion of HVAC
energy. Hydronic delivery of thermal energy is more efficient because hy-
dronic pumping costs are significantly less than fan energy costs. Due to
the way humans perceive comfort, building occupants may experience
comfort at slightly cooler space air temperatures during the heating season
and slightly warmer space air temperatures during the cooling season with
a radiant system.

2.4.2 Cost advantages

With a calculated simple payback of 26 years, this project did not success-
fully demonstrate that this technology is cost competitive from a combined
first cost, installation cost, and operational cost basis compared with tradi-
tional all-air HVAC systems. Nevertheless, Guruprakash and Rumsey
(2014) claimed to demonstrate a radiant system that had an installed cost
slightly lower (less than 1% cost savings) than its traditional cooling sys-
tem counterpart. The radiant cooling system in that study also used 38%
less energy than its traditional HVAC counterpart.
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2.4.3 Performance limitations

A number of potential risks are associated with this technology:

Risk: The DOAS could have proven to be difficult to operate and main-
tain, or it could fail to adequately control humidity levels in the building.

Fortunately, we found the system to be easy to operate. DPW HVAC
maintenance personnel were invited to witness the system commis-
sioning process. They were pleased with the relative simplicity of the
installed system. With over a year of operational experience, there have
been few maintenance issues to date and the system has had no diffi-
culty controlling humidity levels within the facility at suitable levels to
maintain comfort and avoid condensation on cool surfaces.

Risk: Building occupants might have left doors and windows open, delib-
erately or carelessly, allowing hot and humid air to enter the building and
defeating the DOAS’s ability to maintain humidity levels in the building.

This did not prove to be a problem. Bldg 1540 is a secured building and
posted signs within the building direct that all doors be kept closed. The
occupants understand and respect the need to keep doors closed for
both security reasons and to avoid allowing infiltration of unconditioned
humid air. Had this not been the case, there could have been a risk that
humidity and condensation problems might have been a problem.

Risk: Radiant heating/cooling systems may fail to satisfy occupants’
comfort requirements.

For the most part, this was not a problem. However, there were problems
of lack of cooling capacity in Information Assurance (IA) Training Room
Co018B. The Contractor originally counted the occupancy of this room to
be 11 persons (10 trainees and one instructor along with their computers,
lighting, a projector, etc.), and designed the radiant panel system accord-
ingly. After the building was reoccupied, they discovered that the actual
occupancy was about 21 persons (20 trainees and one instructor). The oc-
cupants of this room complained of being too hot. Eventually, the Con-
tractor designed a solution to this problem, which consisted of adding ad-
ditional radiant cooling panels as ceiling spaced allowed. This solution
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was installed in Jan 2016. Additional cooling capacity in this zone im-
proved the situation. From Feb 2016 onward, the average occupied tem-
perature was 71 °F, and only infrequently escalated above 80 °F.

Figure 2-10 shows the temperature recorded in Rm Co18B for the 24-hr
period ending at 4:55 pm on Tuesday, 23 Aug 2016. During this period,
the temperature setpoint was 78 °F and the outdoor air temperature
ranged from about 58 to about 84 °F. During the same period, the
room temperature stayed at or below the setpoint, varying between
about 73 and 78 °F. It is encouraging to see that the room temperature
stayed at or below the setpoint. The facility, to include Rm Co18B, was
passively cooled by 8 hours of continuous exposure to outdoor condi-
tions that were 18 °F cooler than the cooling setpoint.

Figure 2-10. Temperature display for IA Training Rm CO18B for 24-hr period ending
at 4:55 pm on 23 Aug 2016.
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Figure 2-11 shows a display of room temperatures, outside temperatures
and setpoint for the same room for the period 16-23 Aug 2016. Also dis-
played are outside temperatures and the cooling setpoint. Interestingly, the
room temperature often seems to move in a direction opposite to that of the
outside temperature. This illustrated the transient nature of a mechanically
cooled building’s heat exchange with the outdoors, as noted in the ASHRAE
Handbook: Fundamentals (ASHRAE 1997): “(1) time lag in conductive
[outdoor] heat gain through opaque exterior surfaces and (2) time delay by
thermal storage in converting [outdoor] radiant heat gain [in the structure] to
[an interior] cooling load”. At night when the temperatures are below the
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HVAC setpoint the building is passively cooled from outside inward, and re-
quires no HVAC operation. During the daytime, sunlight heats the previously
cool thermal mass (the building), from outside inward. As the heat reaches
the interior, the HVAC then actively and increasingly responds to the daytime
heat gain and occupant activity.

Figure 2-11 also shows that the cooling setpoint was lowered to approximately

60 °F for a few hours on 17 Aug 2016 and was also lowered to about 70 °F for sev-
eral hours on 19 Aug 2016. Considering that the Contractor had no capability to
make remote system adjustments and that no Contractor personnel was on site
on these dates, these setpoint changes indicated that occupant(s) had adjusted
the thermostat.

Figure 2-11. Temperature display from Energy Monitoring System for IA Training Rm
CO018B for the 7-day period 16-23 Aug 2016.
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e Risk: The demonstrated system might not prove to be cost effective.

The first cost of the demonstration system was estimated to be
$73,382, which was more expensive than the first cost of a conven-
tional VAV HVAC system. However, the yearly O&M costs of the
demonstration system were $220, which was $1,320 per year less than
the O&M costs of the conventional VAV HVAC system alternative. The
resulting simple payback was calculated at 26.7 years for the demon-
stration system vs. a traditional all-air HVAC system. Section 7.3, “Cost
Analysis and Comparison,” analyzed these differences in detail.

e Risk: The demonstrated system might not prove to be socially acceptable.

Some occupants may not have felt that the demonstrated system main-
tained adequate comfort. We are aware of inadequate cooling problems
in Information Assurance Training Room C018B. Otherwise, we have
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had very little feedback on comfort conditions in Bldg 1540A. We have
heard a number of anecdotal remarks from several persons associated
with this building:
“Conference Rm C0028 is very comfortable.”
Major, 21% Signal Brigade
“The room has been too hot.”
IA Instructor — IA Training Rm C018B
“The overall building is very comfortable and very quiet.”
USACE Construction Representative
“Overall, the building has been satisfactory. There have been complaints from
the Chaplains [Rms C019, C020, C021, C021A and C021B] that they
have been too hot.”
Brigade Maintenance Officer, 21st Signal Brigade

We are unaware of any complaints during the heating season of per-
sons experiencing cold feet and legs while sitting at a desk because
their feet and legs were not directly exposed to heat radiating from a
ceiling-mounted radiant heating/cooling system.

Other than the anecdotal remarks above, we have heard no complaints
that occupants are unable to adequately control the comfort conditions
in their own space. Occupants can adjust the temperature setpoints
within DoD permitted levels — heating 70 °F occupied, 55 °F unoccu-
pied, and cooling 75 °F occupied, 80 °F unoccupied. A 0-60 minute
override timer integrated in the thermostat for Administration Room
006 Zone-2 will override the time schedule and cause the systems to
operate for up to 60 minutes on a timed override. Otherwise, the ther-
mostats will default to the preprogrammed temperature schedule dur-
ing occupied hours (6:00 a.m. to 6:00 p.m.) and unoccupied hours
(6:00 p.m. to 6:00 a.m.).

Although occupants could experience a sense of discomfort due to in-
sufficient air movement in their space during the cooling season, we
have not heard any complaints related to this issue.

Implementation issues are identified in Chapter 8 “Implementation Issues.”
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3 Performance Objectives

Performance objectives are the primary criteria established by the investi-
gator for evaluating this innovative technology. They provide the basis for
evaluating the performance and costs of the technology. Meeting the fol-
lowing performance objectives is essential for successful demonstration
and validation of the technology:

Energy and Water Security: This technology will reduce energy in-
tensity (kWh/ft2). It will have no direct effect on building or installa-
tion water consumption.
Cost Avoidance: The technology will lead to reduced energy con-
sumption. The technology will also result in a facility that is more re-
sistant to the formation of mold and mildew, which has a major impact

on the cost of operating and maintaining military facilities.

Greenhouse Gas (GHG) Reduction: GHG emissions will be di-
rectly related to energy reductions for this facility.

Table 3-1 details the performance objectives for this demonstration. Sys-
tem economics were analyzed in accordance with the Department of En-
ergy Building Life-Cycle Cost program.

Table 3-1. Performance objectives.

Performance
Objective

Metric

Data Requirements

Success Criteria

Results

Quantitative performance objectives

Reduced building

envelope air
leakage

cfm/ft2 of air
leakage at 75 Pa

Blower door test results
(cfm and corresponding
differential pressure (DP)
readings)

< 0.15 cfm/ft2 of air
leakage at 75 Pa

0.39 cfm/ft2 of air
leakage at 75 Pa
Estimated 0.27 cfm/ft2 of
air leakage at 75 Pa with
improved fenestration

Objective not met.

Reduced energy

consumption

Site Energy Use
(kWh)

Thermal energy delivered
and mechanical systems
electrical usage

20% reduction in heating,
cooling and ventilation
system energy

46% reduction in overall
energy usage (electric +
gas)

Objective met

Cost effectiveness

Simple Payback,
Savings-to-
Investment Ratio
(SIR)

First costs, O&M costs,

energy costs, and useful life

Simple Payback: < 5 yrs.
SIR: > 1.2

Simple Payback of 26.7
yrs.

SIR of 1.0
Objective not met.




ERDC/CERL TR-17-26

33

Performance
Objective

Metric

Data Requirements

Success Criteria

Results

Qualitative performance objectives

Improved comfort

Occupant
satisfaction

Space dry bulb temperature,
mean radiant temperature,
air speed, RH, activity level,
and clothing

Temperatures and RH within
comfort criteria defined by
ASHRAE Standard 55-2010,
Section 5.2.1.1 “Graphic
Zone Comfort Method”

The building satisfied
ASHRAE Standard 55-
2010 by maintaining an
average of 70 °F and
43% RH.

Objective met.

Reduced relative

mold/mildew
potential

Mold and mildew
potential

Interior humidity levels and
temperatures of “cold”
surfaces

Measurement of interior
surfaces at or below 80%
surface RH

The building’s 43% RH
average was within
ASHRAE’s recommended
range for the prevention

of mold growth.
Objective met

Easily operable

and maintainable

Maintenance records and
discussions w/ O&M
personnel

Operability and Objective met

maintainability

Maintainable by existing
staff, no special skills
required, less O&M burden

3.1 Quantitative objective: Reduced building envelope air leakage

Definition: This objective refers to the amount of air that will infil-
trate/exfiltrate through the building envelope when the building is
pressurized/depressurized to a reference pressure differential of 75 Pa
(0.3 iwg) with respect to the outdoor ambient environment.

Purpose: Envelope air leakage is a very good indicator of the quality of
construction of a building envelope and is directly related to the degree
that the building will experience uncontrolled infiltration/exfiltration of
unconditioned outdoor air. A tighter building envelope will require less
energy to heat, cool, and dehumidify. It will also be easier to balance the
HVAC system and will maintain better comfort conditions because it will
be less affected by outdoor wind conditions. The Army’s Engineer and
Construction Bulletin (ECB) 2012-16, Building Air Tightness and Air Bar-
rier Continuity Requirements (HQUSACE 2012a), addressed building air
tightness requirements for new facilities and major retrofits of existing
facilities. This project demonstrated that it is possible to effect signifi-
cant air tightness improvements on existing facilities even without major
deconstruction and replacement of building envelope components.
Metric: The metric used was cfm of air leakage per unit area of the
building envelope at a reference pressure of 0.3 iwg (75 Pa). For pur-
poses of air barrier testing, the air barrier envelope area includes the
area of all walls (including doors, windows and other “intentional
openings”), the ceiling and the area of the floor. The leakage rate was
expressed in units of “cfm/ft2 at 75 Pa.”
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e Data: The data required to calculate or evaluate this metric included:

e Wall, ceiling and floor areas.

e Differential pressure (Pa) and corresponding air flow rate (cfm).

e Analytical Methodology: Testing was conducted in accordance with
the requirements of ASTM E779 (ASTM 2003a). Per this standard, “in-
tentional openings” in the building envelope (such as bathroom vents,
outdoor air louvers, exhaust louvers, etc.) were sealed. Then the build-
ing was positively (or negatively) pressurized using a blower door ap-
paratus as discussed in Section 5.2, “Baseline Characterization.” Build-
ing pressure was gradually ramped upward in increments of 5 to 10 Pa
over the range of at least 25 Pa to 50 Pa. At each increment, the differ-
ential pressure between the building’s interior and the exterior ambient
environment was recorded along with the flow rate (cfm) of air re-
quired to achieve that pressure differential (equivalent to the air leak-
age at that pressure difference). This procedure resulted in five to 10
differential pressure and flow rate data points in both the positive and
negative pressurization modes. The resulting data were fitted to an ex-
ponential curve and extrapolated to the reference pressure of 75 Pa.
The average of the results from the positive and negative pressurization
modes was reported as the building envelope’s leakage rate at 75 Pa.

e Success Criteria: The building envelope leakage rate performance
objective was <= 0.15 cfm/ft2 at 75 Pa. While the Army and Navy re-
quire building envelopes to leak no more than 0.25 cfm/ft2 of building
envelope at 75 Pa for new and major retrofit projects, the Army has
shown that it is possible to achieve air tightness levels on new and ma-
jor retrofit projects as low as 0.1 cfm/ft2. Setting the goal for this
demonstration at <=0.15 cfm/ft2 at 75 Pa for an existing building was a
very aggressive goal considering that we did not intend to execute ma-
jor intrusive changes to the existing building envelope.

e Results: Objective not met. As stated, this was an extremely aggres-
sive performance objective. Per UFC 3-101-01 (HQUSACE, NAVFAC,
and AFCESA 2011), building envelopes on new construction projects
and major renovation projects for the Army and Navy must leak no
more than 0.25 cfm/ft2 (1.25 L/s-m2) when tested at a pressure differ-
ential of 0.3 iwg (75 Pa). For Air Force projects the building air leakage
rate shall not exceed 0.4 cfm/ft2 (2.00 L/s-m2) when test results meas-
ured at a pressure differential of 0.2 iwg (50 Pa) are extrapolated to 0.3

iwg (75 Pa).
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Note that these UFC criteria are for new construction or major renovation
projects that offer ideal conditions for minimizing building envelope leak-
age. Even under these conditions, Contractors must carefully select and
apply materials and pay close attention to construction details and work-
manship to meet these criteria. Nevertheless, we have seen examples of
new and major renovation projects in which building envelope leakage was
reduced to <= 0.10 cfm/ft2 at a pressure differential of 0.3 iwg.

It is much more difficult to achieve such results with existing buildings, es-
pecially if the project does not involve major disruptive work on the build-
ing’s exterior (such as complete removal of the exterior finish system and
installation of a continuous air barrier). In this project, the exterior side of
the building envelope was untouched.

Air barrier testing was performed by the Southern Independent Testing
Agency, Inc. (SITA) of Lutz, FL. Initial building envelope pressurization
testing was conducted on 21 Mar 2014 for both buildings, but it was deter-
mined that due to unfavorable weather conditions, Bldg 1540A would need
to be retested at a later date. This was accomplished on 8 May 2014.

Initial (“Before”) testing and all follow-up (“After”) testing was performed
in accordance with ASTM E779 (ASTM 2003a). Initial results for Bldg
1540A were 0.8157 cfm/ft2 at 0.3 iwg (based on an envelope surface area
of 19,492 ft2) and 1.1242 cfm/ft2 at 0.3 iwg for Bldg 1540B (based on an en-
velope surface area of 14,476 ft2). SITA’s initial testing was followed by vis-
ual inspection and diagnostic evaluation in general accordance with ASTM
E1186 (ASTM 2003b) by means of infrared thermography to identify air
leakage paths. During the diagnostic evaluation, the building was pressur-
ized to approximately 25 Pa (0.1 iwg) and the building was heated/cooled
to achieve a minimum AT of 10 °F between interior and exterior condi-
tions. SITA provided the following observations, which were applicable to
both Bldgs 1540A&B:

1. All exterior doors should be sealed due to significant heat transfer and
leakage located on door perimeters.

2. Significant leakage was present throughout the existing air barrier. One
major area of concern was the penetration where the supply and return
ductwork leaves the mechanical rooms.
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3. Onvisual inspection above the ceiling, many breaches within the air bar-
rier were evident. All penetrations required sealing and review to achieve
the desired leakage rate.

After initial testing and diagnostic evaluation was performed, work was in-
itiated to seal the envelope of Bldg 1540A. All work was done from the in-
terior side of the envelope. The work involved locating and sealing numer-
ous large and small cracks, penetrations, and openings using spray foam,
gypsum board, and other materials. Figures 3-1 through 3-5 shows exam-
ples of envelope sealing measures.

Figure 3-1. Leakage sources at pipe penetrations and at framing systems.

Figure 3-2. Leaks sealed at pipe hangers in “heated-only” portion of Bldg 1540A.
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Figure 3-3. Sealing of conduit penetrations in cavity space above the suspended
ceiling of Bldg 1540A (left) and at the mounting location of a 4x4 conduit box (right).

[ F Iy

Approx 33 ft x 4-6 inches hidh
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Throughout the project, the Contractor continued to locate and seal cracks
and other penetrations and retested the envelope of Bldg 1540A several
times. The Contractor performed post-sealing pressurization testing of
Bldg 1540A during the week of 27 Apr 2015 to 1 May 2015 and found the
leakiness to be greater than they had hoped. New deficiencies were discov-
ered and subsequently repaired.

Once again, pressure testing of Bldg 1540A was performed during the
week of 10 Aug 2015. During this test, additional hidden air infiltration lo-
cations were discovered within the secured storage area. These deficiencies
were repaired during a Jan 2016 site visit.

A final air barrier test of Bldg 1540A was performed during the week of 4
Jan 2016 to determine effects of additional repairs to areas found in the 10
Aug 2015 tests. The final reported envelope leakage rate for Bldg 1540A
was 0.39 cfm/ft2 at 75 Pa. This leakage rate included the effects of air leak-
age through the 10 existing 4’x4’ single hung windows (Figure 3-6), which
were deemed to be quite leaky. Since repair or replacement of the windows
was not within the scope of their work, the Contractor did not attempt to
remediate leakage through the existing window systems and offered no
suggestions on how the existing windows might be improved. Neverthe-
less, they estimated that, had the windows been upgraded or replaced with
currently available window systems, the building’s overall leakage rate
would have been approximately 0.27 cfm/ft2 at 75 Pa.

It is possible that the air tightness of these windows could be improved by
repairing or replacing any air seals between the moveable sash and the
window frame. However, it is likely that there is a greater potential for air
leakage around the perimeter of the unit where the frame is installed in
the rough opening. Prior to the last couple of decades, the construction in-
dustry didn’t concern itself with building envelope air tightness to any
great extent. As a result, window systems were often installed without
much attention paid to achieving a tight air seal at this location. On some
projects, this gap would be stuffed with fiberglass insulation or with an ex-
panding foam insulation. Fiberglass insulation in this application is inef-
fective as an air seal and expanding foam insulation may fill the void be-
tween the window frame and the rough opening, but still allow air entry
into the wall system.
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Figure 3-6. Single hung window (4x4-ft) in Bldg 1540A (typical of 10).

Current best practice is to tape the gap between the interior side of the
window frame and the interior air barrier with a high quality, long lasting
sealing tape. On the exterior side, windows should be sealed per the manu-
facturer’s instructions. In order to seal these windows in accordance with
current best practice would have involved major disruptive repair work on
the interior and possibly the exterior sides of the windows.

Although the project did not meet its very aggressive performance objec-
tive of <= 0.15 cfm/ft2 at 75 Pa, the 52% reduction in air leakage rate
achieved by this effort was very significant and illustrates the kind of leak-
age reduction that is possible in many military buildings without impact-
ing the building’s exterior finish system.
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3.2 Quantitative objective: Reduced energy consumption

Definition: This objective refers to the relative amount of energy re-
quired to heat, cool, and ventilate the demonstration building as com-
pared with the baseline facility.

Purpose: The primary purpose of the project was to demonstrate ef-
fective means of reducing facility energy consumption and help DoD
installations meet Federal and Service requirements to reduce facility
energy usage.

Metric: Energy consumption associated with heating, cooling, and
ventilation was measured and reported in terms (BTU) for gas usage
and kilowatt-hours (kWh) for electricity usage. BTUs were converted to
kWh when total energy usage was analyzed.

Data: Thermal energy delivered, mechanical systems electrical usage,
and whole building electrical usage.

Analytical Methodology: Measurements of environmental condi-
tions in Bldgs 1540A&B were measured and recorded as well as energy
consumption of each facility. Factors such as relative floor size, relative
occupancy, and differences in activities within the two facilities were
taken into consideration. With consideration that Bldg 1540 is not
aligned on the cardinal North-South axis, the differences in building
orientation created a minimal difference in the combined heat gain
from windows and walls (within 4%). The primary cause for differences
in building envelope heat gain was due to roof area differences between
Bldgs 1540A&B. The roof area differences and their associated heat
gains were proportional to their differences in square footage, with
Bldg 1540A being 36% larger than Bldg 1540B.

Success Criteria: Success was contingent on the demonstration facil-
ity consuming 20% less energy than the baseline facility. Raw energy
data from each of the facilities were adjusted to account for differences
in the two facilities such as relative floor size.

Results: Objective Met. Overall, Bldg 1540A used 16% less energy
than Bldg 1540B. Bldg 1540A consumed 33% more electrical energy
than Bldg 1540B; however, it also used 42% less gas energy than Bldg
1540B. Two seasonal observations were made when comparing Bldgs
1540A&B. First, while Bldg 1540A typically used more electrical energy
than Bldg 15408, this gap widened during the summer season. This
was attributed to the multitude of components in the radiant panel sys-
tem (chiller, DOAS, pumps, etc.) that consume electricity, and their
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year round operation (excluding the chiller). Second, during the fall
and winter periods, the heating system in Bldg 1540B demanded more
energy from its boiler compared with Bldg 1540A. This single differ-
ence in boiler energy usage drove Bldg 1540B’s total energy usage
above 1540A’s despite the fact that 1540A used more energy in its
chiller, HVAC, and electrical systems. The energy savings recorded in
Bldg 1540A becomes even more appreciable after incorporating adjust-
ments for the differences in each building’s square footage. Bldg 1540B
used 30.67 kWh/ft2 while Bldg 1540A used 18.81 kWh/ft2. This repre-
sented a 39% energy savings for Bldg 1540A on an energy usage per
square footage basis compared with Bldg 1540B.

Quantitative objective: Cost effectiveness

Definition: This objective refers to the relative life-cycle cost effec-
tiveness of the demonstration system as compared with the baseline
system, including first cost, operational cost and maintenance cost over
its useful life.

Purpose: Cost effectiveness is, or should be, the basis for all facilities-
related decisions. Typical economic break points for selecting one tech-
nology over a competing technology might be a 10-year simple payback
and a SIR greater than 1.0.

Metric: Simple Payback (SP), SIR.

Data: Delta first costs, delta O&M costs, delta energy costs, useful life.
Analytical Methodology: We recorded the costs of installing the
demonstration system and compared those costs with the estimated
costs to install a conventional all-air HVAC system. In performing our
analysis, we considered not only the actual costs of installing the
demonstrated system, but projected the costs of installing such a sys-
tem assuming that the technology were to become broadly accepted
within the construction industry. Our analysis is applicable to both a
renovation project replacing an existing all-air HVAC system or new
construction because we were careful to exclude costs of demolition of
existing ductwork, air handlers, VAV boxes and other associated costs
in our analysis. As a result, whether for a renovation project or a new
construction project, our cost analysis assumed a clean installation of
the demonstrated system in a building with no existing systems or
equipment hindering installation of the new system.

We recorded and compared the O&M costs and the energy costs for
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both Bldgs 1540A&B. We also estimated the useful life of the demon-
stration system for use in the SIR calculations.

Success Criteria: SP of less than 5 years as compared with a compa-
rable all-air HVAC system with an SIR on the delta costs greater than
1.2.

Results: Objective Not Met. The study indicated a 26.7 year SP and a
23.9 year discounted payback for the radiant panel with DOAS system.
The SIR was calculated to be 1.0. Details of these calculations are pro-
vided in Section 7.3, “Cost Analysis and Comparison.”

Qualitative objective: Improved comfort

Definition: This objective dealt with the relative perceived comfort of
the environment within Bldg 1540A before and after retrofit.
Purpose: The ultimate purpose of conditioning buildings is to provide
occupant comfort and satisfaction. It would be easy to save energy by
conditioning buildings at levels that are not comfortable, or by not con-
ditioning buildings at all. However, the purpose of buildings is to pro-
vide a place for people to live and work. Uncomfortable people cannot
be expected to effectively carry out their mission.

Metric: Comfort was determined per the criteria provided in ASHRAE
Standard 55-2010, Thermal Environmental Conditions for Human Oc-
cupancy (ASHRAE 2010), Section 5.2.1.1 “Graphic Comfort Zone
Method.” Note that we also attempted to get occupant satisfaction
feedback from Bldg 1540 occupants through a simple one-page survey.
However, we got no responses to our survey.

Data: Space dry bulb temperature and RH.

Analytical Methodology: We monitored space temperature and RH
in various locations within Bldg 1540A and compared them with the re-
quirements shown in ASHRAE Std 55-2010, Section 5.2.1.1 “Graphic
Comfort Zone Method” (ASHRAE 2010).

Success Criteria: Temperature and RH fell within criteria as re-
quired by ASHRAE Std 55-2010, Section 5.2.1.1 “Graphic Comfort Zone
Method” (ASHRAE 2010). This success criteria is not based on occu-
pant satisfaction, an 80% occupant satisfaction metric, nor any criteria
that implies occupant satisfaction.

Results: Objective Met. For Bldg 1540A, 95% of the daily tempera-
tures (6 a.m. to 6 p.m.) ranged between 62 and 78 °F, averaging 70 °F.
Similarly, 95% of the daily relative humidities (6 a.m. to 6 p.m.) ranged
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between 28 and 58% RH, averaging 43%. These parameters for Bldg
1540A were predominantly within the standard’s range of acceptability,
demonstrating Bldg 1540A’s compliance with ASHRAE Standard
(STD) 55-2010 (ASHRAE 2010).

Qualitative objective: reduced relative mold/mildew potential

Definition: This performance objective dealt with the relative re-
duced risk of developing mold and mildew in the demonstration facility
vs. the baseline facility due to system improvements.

Purpose: The DoD has spent millions of dollars trying to mitigate ex-
isting mold and mildew and to minimize or eliminate future mold and
mildew formation in military facilities. It was important that the sys-
tems demonstrated in this project support the DoD’s effort to achieve
healthful facilities that are free of mold and mildew.

Metric: Mold and mildew potential.

Data: Interior RH levels.

Analytical Methodology: Measurement of interior surfaces at or be-
low 80% surface RH.

Success Criteria: No condensation on “cold” surfaces; interior sur-
faces at or below 80% surface RH.

Results: Objective Met. According to the 2015 ASHRAE Handbook:
HVAC Applications, “a conservative limit for no mold ever, on any-
thing at any temperature, is below 60% RH” (ASHRAE 2015). Bldg
1540A averaged 43% RH during the occupied period (6 a.m. to 6 p.m.)
demonstrating the HVAC system’s success in mitigating microbial
growth potential.

Qualitative objective: Easily operable and maintainable

Definition: This objective is related to the frequency and extent of op-
erational problems associated with the demonstrated systems and the
degree of difficulty that maintenance personnel experience in address-
ing these problems.

Purpose: Military installations are under increasing pressure to oper-
ate with fewer resources (dollars, personnel, etc.). Any proposed sys-
tems should be at least as easily operable and maintainable as existing
systems.

Metric: Operability and maintainability.
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e Data: Maintenance records, additional training requirements, discus-
sions with O&M personnel.

e Analytical Methodology: We were unable to monitor DPW mainte-
nance records to determine the number of work orders executed to op-
erate and maintain Bldgs 1540A&B as well as the relative cost and time
required for O&M in each facility.

e Success Criteria: Maintainable by existing staff, no special skills re-
quired, reduced O&M burden as compared with the baseline facility.

e Results: Objective Met. An absence of reported O&M-related issues
appears to demonstrate the system’s ease of operation and maintaina-
bility. The mechanical room components, consisting of a DOAS AHU,
pumps and valves, are similar in complexity to a typical AHU and other
components of a conventional system. The waterside components of a
radiant panel system are similar to those of a chilled water fan coil sys-
tem. However, the radiant panel systems are less complex than FCUs
since they have no fans and require no filters.
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4 Facility/Site Description

4.1 Facility/site selection criteria

The following criteria were used to select the demonstration site.

Geographic Criteria: We specifically sought a demonstration site that
had both a significant heating season and a significant cooling season. In
addition, we sought a location that was considered “wet” or “humid” as a
means of addressing concerns that radiant cooling systems will neces-
sarily experience condensation problems in humid areas.

Facility Criteria: We sought a facility that was a reasonable size — big
enough to be meaningful, but small enough to feasibly conduct a demon-
stration. We also wanted a facility that was in fairly good condition to avoid
the massive costs of a major renovation project. A facility that was used for
a residential (barracks) or administrative occupancy was also desirable to
demonstrate an ability to satisfy typical occupant comfort requirements.

Another criteria was an ability to retrofit the selected building and have a
similar building available to use as a baseline for comparison purposes.
Fortunately, we found a single building that fit this requirement quite well.
Fort Detrick’s Bldg 1540 (Figures 4-1 and 4-2) below, is divided into two
sub-facilities, Bldg 1540A and Bldg 1540B, which were separated by a very
short “common wall” as seen in Figure 4-2. This short plane of separation
served as the building envelope demarcation line between Bldgs1540A&B.
Bldgs 1540A&B are very similar in size, layout, and occupancy. Each half of
the existing building had completely independent boilers, AHUs and cool-
ing units so that it was possible to retrofit one side (1540A) without disrupt-
ing the mechanical systems of the other half of the building.

Facility Representativeness: The selected building is typical of hun-
dreds of other DoD buildings in a variety of respects. Bldg 1540 is a Base
Realignment and Closure (BRAC) facility that is approximately 20 years
old. It is a single-story admin/training facility similar in a number of re-
spects to many DoD buildings of similar age, size, and usage. The build-
ing uses slab-on-grade construction with concrete masonry unit (CMU)
walls with brick cladding and a standing seam pitched metal roof. Both
sides used VAV air handlers to condition the occupied spaces. Finished
rooms have gypsum walls with 2x4 lay-in grid ceilings.
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Figure 4-1. NE corner of Bldg 1540 (left) and SW corner of Bldg 1540 (right).

Figure 4-2. Floor plan of Bldg 1540A and Bldg 1540B.
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A question arose concerning the possibility of moisture transfer across this
“common wall” between Bldgs 1540A and 1540B. Presumably, the interior
of Bldg 1540A would need to be maintained at relatively drier indoor air
conditions than Bldg 1540B to avoid condensation of moisture on cool ra-
diant panel surfaces. Assuming that Bldg 1540B would not be maintained
at similarly dry interior conditions, there would be a vapor pressure differ-
ence between conditions in Bldgs 1540A and 1540B that would tend to
drive moisture across the “common wall” from Bldg 1540B to Bldg 1540A.

Bldg 1540 actually consists of two distinct buildings under a common roof.
Bldg 1540B was constructed first and Bldg 1540A was constructed some
time later. We were unable to locate construction drawings showing the
details of the adjacent exterior walls of these buildings and we avoided do-
ing any exploratory deconstruction of the exterior wall of Bldg 1540A to
discover the details of these walls. Nevertheless, we believe that the “com-
mon wall” separating Bldg 1540A and 1540B actually consists of two sepa-
rate exterior walls separated by air gaps as depicted in Figure 4-3.

Assuming that the air gaps between Bldgs 1540A and 1540B were quite
“leaky” with respect to the outdoor ambient air, the “climate” in the air
gaps would presumably approach that of the outdoor ambient conditions.
If this were to be the case, moisture transport across this section of the ex-
terior wall of Bldg 1540A wouldn’t be significantly different than for other
portions of its exterior wall. Conversely, if the air gaps were quite “tight”
with respect to the outdoor ambient air, conditions in the air gaps would
fall somewhere between that of the conditions within Bldgs 1540A and
1540B. If so, this section of the exterior wall of Bldg 1540A would experi-
ence a smaller vapor pressure differential than other portions of its exte-
rior walls. As a result, we did not think that moisture transport across this
short section of exterior would be a serious concern and we took no actions
to mitigate it.

Facility/site location and operations

e Demonstration Site Description: Fort Detrick is located at Freder-
ick, MD, approximately 49 miles northwest of Washington, DC, and
about 45 miles west of Baltimore. The installation supports a number
of research organizations including the National Institute of Health,
the U.S. Department of Agriculture, a biodefense campus and others.
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The 215t Signal Brigade is one of the major tenants of the installation.
Installation operations primarily consist of administrative or research
activities. There are no training ranges at Fort Detrick.

¢ Key Operations: Bldg 1540 is occupied by elements of the 215t Signal
Brigade and serves as an administrative and training building for the
514t Signal Battalion. The building houses administrative staff, chap-
lain offices, conference rooms, an IA training classroom, arms storage
rooms, large shower/locker rooms, and unfinished open storage/work
areas.

e Command Support: The installation’s DPW has been very support-
ive of this project. Fort Detrick’s mission is largely to support research
in a variety of areas. This willingness to experiment and try new things
carries over into the daily operations of the installation engineers.

The occupants of the facility and their higher organization (21st Signal
Brigade) have been very supportive. Bldg 1540’s HVAC systems had
not been functioning satisfactorily and the installation had been unable
to correct the situation. The building occupants were not satisfied with
comfort conditions in the building. The building had been very hot in
the summer and humidity in the building had not been well controlled.
This was evidenced by the fact that the occupants had installed dedi-
cated dehumidifiers to prevent rusting of the weapons being stored in
the Arms Storage Room.

e Communications: The Contractor’s original communications plan
was to disconnect the facility’s Building Automation Systems (BASs)
from the base-wide network and then to arrange with an on-Post inter-
net service provider to provide internet service, allowing the Contractor
to remotely access system performance data from the standalone BAS
systems. This would have also allowed the Contractor a measure of re-
mote control capability through the existing BAS systems. Unfortu-
nately, the Contractor was unable to secure approval for this approach
from the installation’s Network Enterprise Command (NEC). The Con-
tractor then suggested the possibility of installing a standalone Energy
Monitoring System (EMS) that would have no physical connection to
the existing BAS systems. The proposed EMS system (Figure 4-4)
shared no data with the existing BAS systems, had no control capabili-
ties, and communicated performance data to the Contractor via a cell
phone connection. After lengthy coordination with the NEC, this sys-
tem was ultimately approved.
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Figure 4-4. Screen capture of the online EnTouch energy management system platform for
Bldg 1540.
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The inability to negotiate a more convenient means of remotely accessing
system performance data with the NEC was unfortunate and costly in sev-
eral ways. A good deal of time and effort was spent trying to negotiate a
method of accessing data that would be acceptable to the NEC. The Con-
tractor expended considerable unanticipated time and funds to purchase
and install an EMS system that was completely separate but parallel to the
existing BAS system. The Contractor’s EMS system was not allowed to
share connections to existing sensors with the existing BAS system. As a
result, the data inputs to the EMS system were brand new redundant de-
vices installed in parallel with perfectly functional existing devices.

Most significantly, the Contractor’s inability to access the existing BAS sys-
tem meant that the Contractor had no ability to make remote changes in
setpoints or start/stop times, or to adjust sequences of operation. Com-
bined with the fact that the Contractor was located in Tampa, FL, and the
Fort Detrick DPW also had little or no ability to access the system through
the existing BAS, the Contractor’s ability to adjust system parameters was
extremely limited.

e Location/Site Map: Bldg 1540 is located on Porter Street at the loca-
tion shown in Figure 4-5.

Figure 4-5. Map of Fort Detrick showing location of Bldg 1540.
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e Other Concerns: One issue that proved to be challenging was the
fact that the IA training mission in Bldg 1540A is a critical operation
that cannot easily accommodate disruptions. Moreover, alternate loca-
tions at Fort Detrick to conduct this training while Bldg 1540A was be-
ing renovated were not readily available. Close coordination between
the IA training staff and the Contractor was required. All of the occu-
pants of Bldg 1540A were temporarily relocated during the renovation
process. Occupants vacated the facility on 15 Jul 2014 and were al-
lowed to reoccupy the facility on 11 May 2015.

Another issue that was somewhat difficult to address was that of comply-
ing with the Force Protection requirements of UFC 4-010-01, DoD Mini-
mum Antiterrorism Standards for Buildings. (HQUSACE, NAVFAC, and
AFCESA 2003) Appendix B, Paragraph B-4.1, Standard 16, “Air Intakes,”
is intended to minimize the opportunity for aggressors to easily place con-
taminants where they could be drawn into the air intakes of buildings. The
most common means of satisfying this requirement is to elevate the out-
door air inlet to at least 10 ft above ground level. This was the first ap-
proach considered by the Contractor. Unfortunately, due to the architec-
ture of the existing exterior brick cladding and the wide roof overhang
above the existing outdoor air inlet, there appeared to be no way to cost ef-
fectively provide an elevated outdoor air inlet through the mechanical
room’s exterior wall.

Per Standard 16, “Air Intakes,” there is an alternative way of satisfying its
requirements.

The requirements of this standard do not have to be applied when air in-
takes are located within an enclosed mechanical equipment yard or simi-

lar area with access control such as an enclosed courtyard.

The Contractor proposed satisfying the Standard 16 requirements by in-
stalling a chain link fence and gate enclosing the mechanical equipment
yard. This would have been a relatively simple solution to the problem, but
the installation Fire Department would not approve it because it could
hinder emergency access to the back side of the building.

The Contractor then investigated the possibility of penetrating the stand-
ing seam metal roof and installing a vertical air intake above the roof. This
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approach would have required a specialized roofing Contractor to make
this roof penetration. Also, because the building was relatively new, there
was concern that any attempts to penetrate or alter the roof would void the
roof warranty. Ultimately, it was determined that there was no longer a
valid warranty on the roof. By this time, however, the Contractor had for-
tunately discovered that there was an existing roof penetration above the
mechanical room that was large enough for their use and that was no
longer being used for its original purpose. Ultimately, this roof penetration
was used to accommodate a new outdoor air duct to the new DOAS AHU.

A second aspect of Antiterrorism/Force Protection (AT/FP) pertaining to
this project is found in UFC 4-010-01 (HQUSACE, NAVFAC, and AFCESA
2003), Appendix B, Paragraph B-4.3, Standard 18, “Emergency Air Distri-
bution Shutoff,” which requires a means of rapidly shutting down air dis-
tribution systems and exhaust systems in response to an emergency situa-
tion, stating that:

For all new and existing buildings required to comply with these stand-
ards, provide an Emergency Shutoff Switch in the HVAC control system
that can immediately shut down the air distribution and exhaust systems
throughout the building and close all dampers leading to the outside ...

The switch must be capable of shutting down all required systems and
closing all required dampers, even if the local hand/off/auto switch is in
the hand position, within 30 seconds of switch activation. Locate the
shutoff switch (or switches) to be easily accessible by building occupants
by locating them similarly to mass notification system (MNS) local oper-
ating consoles (LOCs) (see UFC 4-021-01 [HQUSACE, NAVFAC, and
AFCESA 2010] for additional information on MNS LOCs) so that the
travel distance to the nearest shutoff switch will not be in excess of 200 ft
(61 m). Ensure that the shutoff switches are well labeled, and of a differ-

ent color than fire alarm pull stations.
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Appendix B, Paragraph B-4.3.1, “Outside Air Intakes, Relief Air, and Ex-
hausts” establishes leakage ratings for all dampers that must respond in an
emergency situation, stating that:

... all outside air intakes, relief air, and exhaust openings with low leak-
age dampers that are automatically closed when the emergency air distri-
bution shutoff switch is activated. The low leakage dampers will have
maximum leakage rates of 3 cfm/square foot (15 liters/second/square
meter) with a differential pressure of 1 in. of water gauge (250 Pa) across

the damper.

Finally, Appendix B, Paragraph B-4.3.4, “HVAC Replacements and Up-
grades” defines the criteria that determine whether the requirements of
Standard 18 are required, as follows:

Where air handling equipment in heating, ventilating, and air-condition-
ing systems is being replaced or when they are being upgraded, all provi-
sions of Standard 18 will be applied to the building in which the new
HVAC system is being installed. This will apply regardless of the major

investment trigger . . .

Based on Paragraph B-4.3.4, since the existing air handling equipment
was being replaced, it was clear that the requirements of Standard 18 were
in force, regardless of the magnitude of the project cost. As a result, the
Contractor-provided dampers in compliance with the requirements of Par-
agraph B-4.3.1. These dampers were all interlocked to be activated by an
Emergency Shutoff Switch that, when activated, shuts down all supply fans
and exhaust fans and closes all dampers to the outdoors. Figure 4-6 shows
the location of the Emergency Shutoff Switch.

Paragraph B-4.3 of UFC 4-010-01 (HQUSACE, NAVFAC, and AFCESA
2012) made mention of an MNS. We determined that there were no mass
notification requirements applicable to this project and made no effort to
incorporate an MNS in the facility.
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4.3 Site-related permits and regulations

e Regulations: There were no known regulations that impacted this
project.

¢ Environmental Permits: There was no need for any environmental
permits.

e Agreements: A memorandum of understanding between Fort Detrick
and ERDC-CERL was signed in Dec 2012. Signatories included Fort
Detrick’s Garrison Commander and the ERDC-CERL Director.

Figure 4-6. Emergency shutoff switch location.
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5 Test Design

¢ Fundamental Problem: This project attempted to demonstrate the
feasibility and efficacy of integrating building envelope improvements
with a DOAS system and a radiant heating/cooling system to effectively
condition a military facility while reducing energy consumption and
costs, avoiding condensation on cold surfaces within the facility and re-
ducing relative mold and mildew potential. The goal of this demonstra-
tion was to provide a cost-effective alternative to the all-air approach to
conditioning military buildings.

¢ Demonstration Questions: Questions posed by this demonstration
included the following:

e Can the air tightness of existing building envelopes be substantially im-
proved without major disruptive changes to the envelope system?

e Can a DOAS system with energy recovery efficiently and cost effectively
provide adequate volumes of conditioned outdoor air to reduce the po-
tential for mold and mildew in the building and prevent formation of
condensation of moisture on cool surfaces?

e Can aradiant heating/cooling system satisfactorily condition a military
facility?

e Will such an integrated system (improved building envelope, DOAS
and radiant heating/cooling) be maintainable in a military environ-
ment?

e Approach: The approach taken was to identify an operational military
facility of reasonable size and with an occupancy and function similar
to a large number of existing military facilities. We sought a building in
a portion of the United States where the installed systems would be
challenged to adequately maintain comfortable and healthful interior
conditions under hot and humid conditions as well as winter tempera-
tures. We also looked for a building that had a similar building nearby
or that could be subdivided into a demonstration portion and a similar
baseline portion. Fort Detrick’s Bldg 1540 fit these requirements quite
well. The building was about 20 years old and was comparable in de-
sign, construction, construction quality, and maintained condition to
many buildings of its vintage. The building was divided approximately
in half by two floor-to-roof walls and an air gap that completely iso-
lated the two halves of the facility. Each half of the facility had its own
independent HVAC system, including boilers, direct expansion (DX)
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condensers, and DX VAV AHUs. Each half of the building had its own
gas and electric meters. The only shared utility was domestic hot water,
which was provided from a dedicated gas hot water heater in the 1540B
mechanical room. The energy required to generate domestic hot water
was not accounted for in the heating energy requirements of Bldg
1540B. The two halves of the building had similar, but not identical,
floor plans and occupancies.

On identifying the demonstration building, the Contractor collected en-
ergy performance baseline data and prepared a demonstration design
for Bldg 1540A. The demonstration design was installed and both Bldgs
1540A&B were commissioned and instrumented for energy perfor-
mance data collection. Because there were many mechanical system
deficiencies identified in baseline Bldg 1540B, extensive repairs were
made to bring this half of the building up to its design energy perfor-
mance. Appendix C lists these deficiencies and the associated repairs.

e Required Data: The data necessary to perform this demonstration
included:

e Envelope leakage data:

e “Before” envelope improvements, Bldg 1540A.

o “After” envelope improvements, Bldg 1540A.

e “Baseline” envelope leakage rate, Bldg 1540B.

e Electrical energy data:

e Total electrical energy, Bldg 1540A.

e HVAC electrical energy, Bldg 1540A.

e Total electrical energy, Bldg 1540B.

e HVAC electrical energy, Bldg 1540B.

e Thermal energy data:

e Total thermal energy, Bldg 1540A.

e Total thermal energy, Bldg 1540B.

e Thermal comfort data:

e Space temperature and RH, Bldg 1540A.

e Space temperature and RH, Bldg 1540B.

e Cost data:

e Cost of building envelope improvements, Bldg 1540A.

e Cost to install demonstrated HVAC systems, Bldg 1540A.

e Estimated cost to install a conventional HVAC system, Bldg 1540A.

e Cost to maintain HVAC systems, Bldg 1540A.

e Cost to maintain HVAC systems, Bldg 1540B.
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e Cost of energy, Bldg 1540A.

e Cost of energy, Bldg 1540B.

e Maintainability data:

e Number of HVAC work orders, Bldg 1540A.

e Number of HVAC work orders, Bldg 1540B.

e Number of HVAC work orders requiring special training or skills, Bldg
1540A.

e Local weather data:

e Dry bulb temperature and dewpoint temperature.

Conceptual test design

“Before” and “after” building envelope air tightness testing involved the
following:

¢ Independent variable: Differential pressure (both positive and neg-
ative) across the building envelope. Differential pressure is measured
in Pascals (Pa) or iwg. For our testing, the building envelope was sub-
jected to differential pressures in the range of 25 to 75 Pa. Testing was
completed using the U.S. Army Corps of Engineers Air Leakage Test
Protocol for Building Envelopes (HQUSACE 2012a) as a guideline.

e Dependent variable(s): Envelope air leakage rate (cfm). The enve-
lope air leakage rate increased as the differential pressure increased.

e Controlled variable(s): The building envelope area (ft2) was held
constant throughout the testing. Also, all “intentional” building open-
ings remained sealed throughout the testing process.

e Hypothesis: In situ sealing measures can be applied to the building
envelope of a “typical” modern military facility to cost effectively im-
prove the air tightness of the building envelope.

e Test Design: The air tightness of Bldg 1540A was tested before and
after making physical improvements. The costs to implement the im-
provements were documented and analyzed to determine the cost ef-
fectiveness of the improvements in terms of energy cost savings.

e Test Phases: Air barrier testing was performed in accordance with
the requirements of ASTM E779 (ASTM 2003a). “Before” testing was
conducted to determine the baseline condition of Bldg 1540A and to
identify, locate, and characterize leaks. Based on this information, an
approach was developed and implemented. After executing the build-
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ing envelope improvements, “after” testing was performed to deter-
mine the degree of improvement. The costs to design and execute the
improvements were calculated and analyzed with respect to the pro-
jected energy savings and cost effectiveness.

Effectiveness of the DOAS was determined as follows:

e Independent variable: Outdoor ambient dry bulb temperature
(DBT) and dewpoint temperature (DPT) are the independent variables.

e Dependent variable(s):

e Bldg 1540A interior DBT (°F).

e Bldg 1540A interior DPT (°F).

e Energy requirements of the DOAS system (kWh).

e Controlled variable(s):

e Bldg 1540A supply air flow DBT (°F).

e Bldg 1540A supply air flow DPT (°F).

e Exterior doors and windows were kept closed to prevent infiltration of
unconditioned outdoor air.

e The DOAS supply air flow rate and exhaust air flow rate were fixed.

e Hypothesis: The DOAS system can deliver sufficient quantities of
properly conditioned outdoor air to satisfy the ventilation require-
ments of Bldg 1540A and to keep the interior of the building dry
enough to make Bldg 1540A less susceptible to mold/mildew problems
than baseline Bldg 1540B.

e Test Design: The outdoor ambient conditions (DBT and DPT), and
the condition of the delivered air (DBT and DPT) were measured and
recorded. Supply and exhaust air flow rates were fixed. Energy con-
sumed by the DOAS unit was also measured and recorded.

e Test Phases: On installation and commissioning of the DOAS system,
outdoor ambient conditions, delivered ventilation air conditions, and
DOAS energy consumption were measured and recorded for 12
months.

Effectiveness of the radiant heating and cooling system was determined as
follows:

e Independent variable: Outdoor ambient DBT.
e Dependent variable(s):
e DBT (°F) in interior locations of Bldgs 1540A&B.
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5.2

e Delivered heating and cooling energy (measured in BTU, then con-
verted to kWh):

e Bldg 1540A: Supply water temperature (°F), return water temperature
(°F), and flow rate (gallons per minute [gpm]).

e Bldg 1540B: Supply air temperature (°F), return air temperature (°F),
and flow rate (cfm).

e Occupant comfort was determined in accordance with the criteria pro-
vided in ASHRAE Std 55-2010, Section 5.2.1.1 “Graphic Comfort Zone
Method” (ASHRAE 2010)

e Controlled variable(s): Exterior doors and windows were kept
closed to ensure that building temperature control was maintained via
the radiant heating/cooling system. The use of portable heaters or fans
to address personal comfort was discouraged.

e Hypothesis: The radiant heating/cooling system can be capable of
maintaining comfort conditions in the various spaces. The system can
be easily operable and maintainable and will be more energy efficient
than an all-air system.

e Test Design: The outdoor ambient conditions (DBT and DPT) were
measured and recorded. The indoor temperatures in occupied spaces
were measured and recorded and the energy delivered by the radiant
heating/cooling system was measured and recorded.

e Test Phases: On installation and commissioning of the radiant heat-
ing/cooling system, outdoor ambient conditions and indoor tempera-
tures in various spaces and radiant heating/cooling energy were meas-
ured and recorded for 12 months.

Baseline characterization

This Section defines baseline information necessary for the test design.
Data and data interpretation are provided in other sections. Specifics per-
taining to baseline performance and cost comparisons can be found in Sec-
tions 6.1, “Baseline Performance” and 7.3 “Cost Analysis and Comparison,”
respectively.

e Reference Conditions: Energy data to be collected include:
e Building air tightness data:

e Bldg 1540A baseline air tightness data.

e Bldg 1540A post improvement air tightness data.

¢ Building environmental conditions:
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e Bldg 1540A temperatures and RH (various locations).

e Bldg 1540B temperatures and RH (various locations).

¢ Building energy consumption:

e Bldg 1540A gas and electric energy consumption.

e Bldg 1540B gas and electric energy consumption.

e Relative first costs:

e Labor and material costs to install demonstrated system.

e Estimated labor and materials costs to install conventional system.

e Relative O&M costs:

e Labor and materials costs to operate and maintain demonstrated sys-
tem.

e Labor and materials costs to operate and maintain baseline system.

e Baseline Collection Period:

e Bldg 1540A baseline air tightness data — 1 day.

e Bldg 1540B baseline energy performance data — 12 months.

e Bldg 1540B baseline interior environmental performance data — 12
months.

e Bldg 1540B baseline O&M data — 12 months.

o Existing Baseline Data: No existing baseline data is known to exist.

e Baseline Estimation: The cost to install a conventional system in
Bldg 1540A was estimated using RS Means.

e Baseline Occupancy: It was also necessary to account for the rela-
tive occupancy of Bldgs 1540A&B. Although the building sizes are quite
similar, we found that the occupancy of Bldg 1540A was significantly
higher than for Bldg 1540B. Although it was not feasible to get an accu-
rate day-to-day count of the number of occupants of each building, it
appeared that Bldg 1540B typically had 10 or fewer occupants and Bldg
1540A had 20 or more occupants, especially when IA training classes
were in session. These students also brought with them additional
computers that added to the cooling load in Bldg 1540A. We also noted
that Bldg 1540A had much larger male and female shower rooms,
which necessitated considerably higher exhaust (and, hence, ventila-
tion) rates.

¢ Building Orientation: Another consideration is that Bldg 1540’s ori-
entation does not lie on a true North-South axis. The differences in
building orientation created minimal difference in the combined heat
gain from windows and walls (within 4%). The primary cause for dif-
ferences in building envelope heat gain is due to their differences in
roof area. The roof area differences and their associated heat gains are
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proportional to their differences in square footage with Bldg 1540A be-
ing 36% larger than Bldg 1540B.

e Data Collection Equipment. The air barrier testing apparatus (Fig-
ure 5-1) consisted of a calibrated blower door system that was installed
in the doorway of the facility being tested. The system accurately meas-
ured the air being blown into/drawn out of the building while simulta-
neously measuring the pressure differential (AP) across the building
envelope. By measuring a number of paired volume/AP data points, it
was possible to calculate the leakage rate per unit of envelope surface
area at a reference differential pressure of 75 Pa. Small, inexpensive
temperature and RH dataloggers (Figures 5-2 to 5-4) were easily de-
ployed where needed. Existing utility gas and electric meters (Figures
5-5 and 5-6) were used to measure energy consumption.

Figure 5-1. Air barrier testing apparatus.
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Figure 5-2. Typical EnTouch EMS zone Figure 5-3. Typical temperature and RH
thermostat and temperature/humidity logger. dataloggers.

Figure 5-4. Typical room thermostat and RH Figure 5-5. Existing utility gas meter for
sensor. Bldg 1540A.

Figure 5-6. Existing utility gas meter for Bldg
1540B.
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5.3 Design and layout of system components

5.3.1 AHUs and/or fan coil units

Table 5-1 lists the test and balance findings on AHUs and/or FCUs.

Table 5-1. Test and balance findings on AHUs and/or FCUs.

Unit Design CFM Actual CFM  |% of Design |Design OSA* |Actual OSA |% Of Design
AHU-1 1,625 1,659 102% 1,625 1,659 102%
FCU-1 530 370 70% — - -
*Outside Air

5.3.2 Exhaust fans

Table 5-2 lists the test and balance findings on exhaust fans.

Table 5-2. Test and balance findings on exhaust fans.

Exhaust Fan (EF)# |Design CFM |Actual CFM |% Of Design
1 1,270 (1) -

2 160 92 58%

1,100 1,102 100%

Two configurations of radiant panels were used on this project. In condi-
tioned spaces with existing grid ceilings, 2x4 ft grid-mounted radiant pan-
els were used. In conditioned spaces without an existing grid ceiling,
“cloud” panels were suspended from the hard overhead ceiling. Depending
on zone load requirements, some panels were two-circuit panels that in-
corporated separate heating and cooling tubing. In some spaces, addi-
tional “cooling-only” panels were installed to satisfy cooling requirements
beyond the capacity of the two-circuit panels.

Figures 5-7 and 5-8 show partial plan views of radiant panel installation in
Bldg 1540A. Note that a number of rooms did not receive radiant panels,

including;:

e Figure 5-7:

e (o023, Co24 (men’s latrine/shower, existing hot water cabinet unit

heaters and exhaust).

e Co22, Co25 (women’s latrine/shower, existing hot water cabinet unit

heaters and exhausted).
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e (Co026,Co27, Co28 (open storage, existing hot water unit heaters only).

e Co029 (arms storage, existing hot water unit heater and DX split AC
unit).

e Figure 5-8:

e Co010/Co11 (men’s/women’s latrines, exhausted only)

e Co008 (mechanical room, existing hot water unit heater and exhaust)

e Co09 (electrical room, unconditioned).

Figure 5-7. Partial plan view (southwest half) of Bldg 1540A showing radiant panels.
Rm CO018B (highlighted) shows 11 additional smaller panels installed to address a cooling
capacity issue.
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Figure 5-8. Partial plan view (northeast half) of Bldg 1540A showing radiant panels.
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The radiant panel system was supplied with hot water from an existing
boiler and chilled water from a new air-cooled chiller. Figure 5-9 shows the
layout of the hot water system and Figure 5-10 shows a schematic of the
chilled water system. Note that chilled water was delivered to the DOAS
AHU’s cooling coil at 42 °F and left at 49 °F. It was then delivered to the
three-way mixing valve where it was blended with return water from the
radiant cooling panels. The chilled water was then delivered to the radiant
cooling panels where it was supplied at 61 °F and left at 66 °F. Cascading
chilled water from the DOAS AHU'’s cooling coil improved system effi-
ciency by providing a larger AT to the chiller. Also, delivering warmer
chilled water to the ceiling-mounted radiant cooling panels minimized the
risk of condensation on the cool surfaces of the panels by keeping the
panel surfaces above the DPT of the air in the conditioned spaces.
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Figure 5-9. Hot water system schematic.
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Figure 5-10. Chilled water system schematic.
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Figure 5-11 shows the DOAS AHU. This was a constant volume device that
filtered and preheated (if needed) outside air. The air then passed through
an enthalpy wheel where it exchanged energy with building exhaust from
the latrines. The ventilation air then passed through a deep cooling coil that
cooled and dehumidified it before it entered the reheat coil where it was
warmed to a neutral temperature before delivery to the occupied zones.
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Figure 5-11. DOAS air handling unit.
TO EF-3
LEFT ELEVATION VIEW
EXHAUST
FROM LATRINE
FROM O.A. & TOLET
INTAKE HOQD N
AND PREHEAT COIL I EBPEEH.F?
It T 0o p [l
| -3 | BLOWER
L x
i . 47.7 .
' 5 92° 83.2"
b (S | 55° -
| MIN. -
¥ T'_] L\\ | \ .
| N AN = s {111
. REHEAT COIL
- CHILLED WATER COIL

5.4 Operational testing

e Operational Testing of Cost and Performance: Energy and cost
performance data were collected through the course of 12 months of
operation under typical outdoor ambient conditions and normal build-
ing occupancy. Throughout the course of the year, it was possible to
collect performance data during extreme weather events, systems shut
downs, periods of high and low occupancy, etc.

¢ Modeling and Simulation: This project did not include modeling
and simulation of this building.

e Timeline: Operational testing began soon after project kickoff. The
Contractor performed “before” testing of the building envelope to de-
termine the relative tightness of the existing building. Based on this in-
formation, the Contractor designed an approach to improve the build-
ing envelope.

The Contractor began measuring and recording energy consumption of
the baseline facility and demonstration facility during the retrofit design
phase to obtain baseline energy usage. Post-retrofit testing of the build-
ing envelope of the demonstration facility was performed to determine
the effectiveness of building envelope sealing activities. On completion
of installation of the retrofit systems, energy performance monitoring of
the demonstration facility and of the baseline facility was initiated and
continued for 12 months through Sep 2016.
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e Technology Transfer or Decommissioning: The Fort Detrick En-
ergy Manager and the 215t Signal Brigade’s Facility manager were kept
informed throughout the design, installation, testing, and evaluation of
this project. Fort Detrick DPW employees were invited to witness and
participate in commissioning of this system. All system documentation
was turned over to the DPW on project completion. Per prior corre-
spondence with the Director of Public Works, Fort Detrick has no in-
tention to request that the demonstration system be removed at the
conclusion of this project and is prepared to provide written acceptance
of the demonstration system on receipt of the final deliverable (i.e., the
Final Report).

5.5 Sampling protocol

Table 5-3 details the elements of the data sampling, recording, and storage
protocol for this demonstration.

Table 5-3. Data sampling, recording, and storage protocol.

Data Storage Data Collection Non-Standard
Parameter Data Collector Data Recording and Backup Diagram Data
Building air Building Automatic data Data stored in NA* NA
tightness envelope air recording by test test instrument
testing tightness testing apparatus
Contractor
Temperature Demo Temp loggers Remote data NA NA
Contractor access
Relative Demo RH loggers Remote data NA NA
humidity Contractor access
Gas DPW personnel Manual recording Paper NA NA
consumption and/electronic
records
Electric DPW personnel Manual recording Paper NA NA
consumption and/electronic
records
First costs Demo Invoices Paper NA NA
Contractor and/electronic
records
O&M costs DPW personnel Work orders Paper NA NA
and/electronic
records
Occupant Demo Temp loggers, Data stored in NA NA
satisfaction Contractor Humidity loggers test instrument

*Not Applicable (NA)
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5.5.1 Instrumentation plan

Table 5-4 and 5-5 list the elements instrumentation plan for Bldgs 1540A

and 1540B, respectively.

Table 5-4. Bldg 1540A instrumentation plan.

Data Data Data
Measurement Measurement Analysis
Parameter Method Frequency Data Measurement Location Method
Boiler Flow Electronic, Badger Hourly Immersed in-line with boiler water Numerical
Rate Meter flow tabulation
and plotting
Boiler Water Electronic, Badger Hourly On the exterior of the supply and Numerical
Temperature Meter return boiler water pipes tabulation
and plotting
Chiller Flow Electronic, Badger Hourly Immersed in-line with chiller water Numerical
Rate Meter flow tabulation
and plotting
Chiller Water Electronic, Badger Hourly On the exterior of the supply and Numerical
Temperature Meter return chilled water pipes tabulation
and plotting
Electricity Electronic 24 hour intervals Main, Chiller, Chilled Water Pumps Numerical
Usage 3 and 4, Hot Water Pump 2, tabulation
Pump 1, DOAS Unit Fan, DOAS HX, and plotting
EF-3, FCU-1
Air Electronic 5 minute DOAS Cooling Coil Temperature Numerical
Temperature intervals and Heating Coil Temperature, tabulation
Entering and Leaving Preheat Coil, and plotting
A-Inside Wall, DOAS-A-HX-EX In
and Out, Outside, Rooms: A-
CO18B Training, A-TH Wall CO03,
A-CO02, AC18-DOAS Airflow
Air Humidity Electronic 5 minute Outside, Rooms: A-C018B Numerical
intervals Training, A-TH Wall CO03, A-C002, tabulation
AC18-DOAS Airflow and plotting
Pressure Electronic 5 minute 1540A Conditioned Space Observed in
intervals system
alarms
Data Electronic 5 minute 1540A Mechanical Room Monthly
Transmission (isolated system), intervals observation
EnTouch




5.5.2 Data acquisition plan

5.56.2.1 System overview

The data communication system and acquisition plan was implemented
through a Contractor-provided EMS. The EMS consisted of the EnTouch
One System and its wireless components, which was completely separate
and not connected in any way to the existing Invensys BAS. The EnTouch
system provided the following capabilities needed to satisfy the data col-
lection efforts of this endeavor: metering capabilities (to monitor several
system performance metrics), data acquisition/collection and storage, and
a method for off-loading data to the Contractor. Figure 5-12 shows a dia-
gram of the system.

At the time of this project, the existing BAS was not connected to the in-
stallation-wide network. This project did not affect the network connection
status of the existing BAS system; and the Contractor-provided EMS sys-
tem did not access, share or communicate information with the existing

ERDC/CERL TR-17-26 70
Table 5-5. Bldg 1540B instrumentation plan.
Data Data
Measurement |Measurement Data Analysis
Parameter Method Frequency Data Measurement Location Method
Boiler Flow |Electronic, Hourly Immersed in-line with boiler Numerical
Rate Badger Meter water flow tabulation
and plotting
Boiler Water |Electronic, Hourly On the exterior of the supply Numerical
Temperature |Badger Meter and return boiler water pipes |tabulation
and plotting
Electricity Electronic 24 hour Main, Hot Water (HW) Pump, Numerical
Usage intervals DX AHU-4 Fan, DX AHU-4 tabulation
Condensing Unit, FCU-4, Vault |and plotting
DH/EF
Air Electronic 5 minute AHU-B-Supply, Rooms: AB GSM [Numerical
Temperature intervals B-Airflow, B-CO06, B-C018 tabulation
Conference Room, B-C021, B- |and plotting
TH Wall DP
Air Humidity |Electronic 5 minute Rooms: AB GSM B-Airflow, B-  |Numerical
intervals C006, B-CO18 Conference tabulation
Room, B-C021, B-TH Wall DP  |and plotting
Data Electronic 5 minute 1540B Mechanical Room Monthly
Transmission |(isolated intervals observation
system),
EnTouch
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BAS or any other Fort Detrick data systems. The EMS only communicated
through the Contractor-provided cellular connection, which was solely
maintained and managed by the Contractor. Since the proposed EMS will
not be necessary or required for normal building operation, when the pro-
ject is completed and all of the required data are recorded, the proposed
EMS will be turned off, removed, and/or abandoned in place on project
completion, as determined and directed by the Government.

5.5.2.2 Data collection

Remote monitoring and downloading of data (logs and trends) were achieved
through a Global System for Mobile Communications (GSM) cellular connec-
tion via an internal device. The EnTouch One Energy Management System
(Figure 5-12 and Table 5-6) had an on-board cellular phone connection that
connected to EnTouch’s data servers (the “Cloud”) where the logger and sen-
sor data were downloaded and collected into a personal computer (PC)
spreadsheet program. This cellular communication process eliminated the re-
quirement for traditional internet or land line telephone connections. The
data were stored at the EnTouch (2017) website, www.entouchgo.com.



http://www.entouchgo.com/
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The EMS had individual points that monitored and collected data on the
following metrics (which have been outlined in-depth below):

e Energy Consumption — Electrical (kWh) and Thermal (BTU, converted
to kWh).

e Electrical data points were monitored via current transformer (CT)
clamps and voltage measurements inside the main and branch circuit
panels in each electrical room.

e Thermal data points were monitored via BTU pulse meters (flow +
temperatures) using supply and return water temperature sensors and
a flow meter in the thermal distribution piping. This did not include
domestic hot water supply.

e Outside Temperature and Humidity (°F and % RH).

e Points were monitored via temperature and humidity sensors.

e Interior Room Temperature and RH of three selected rooms (°F and %
RH).

e Points were monitored via temperature and humidity sensors.

e DP at two locations.

e These instruments measured the pressure difference (Pa) between the
exterior ambient air pressure and the air pressure within the building.
These data indicated whether the building pressurization was ‘positive’
or ‘negative.’ If the building interior pressure was less than the outside
pressure, or ‘negative,” untreated outdoor air would infiltrate into the
conditioned spaces. If the building interior pressure was greater than the
outside pressure, or ‘positive’, conditioned air would exfiltrate to the ex-
terior. These data provided a better understanding of the additional ven-
tilation air heating or cooling loads that the mechanical system had to
accommodate, in addition to the plug loads and occupant loads.

Throughout the data-monitoring period, a monthly energy performance
report used the kWh and BTU (converted to kWh) data to establish the to-
tal energy use of the two buildings. These data were in turn used as a met-
ric to compare the differences in energy use of the two HVAC systems.
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Table 5-6. Acronym list for the EnTouch Energy Management
System diagram.

Term Definition
AHU Air Handling Unit

BTU British Thermal Unit
CHW Chilled Water Supply

CT Current Transformer Sensor

DH Dehumidifier

DOAS | Dedicated Outdoor Air System

DP Differential Pressure

DX Direct Expansion Air-Conditioning System
EF Exhaust Fan

FCU Fan Coil Unit
HW Hot Water

HX Heat Exchanger
OA Outside Air
P Pump

5.5.2.3 Energy monitoring points, Bldg 1540A

Appendix D to this report includes datasheets for instruments listed in this
Section.

Demonstration facility Bldg 1540A was renovated with new mechanical
equipment including an air-cooled chiller and chilled water pump, DOAS,
radiant panels, and controls. Overall gas and electric consumption data
were provided by utility company meters:

1. kWh (electric) [Note: The EMS system had individual points that
tracked each of the following device data points. These points were moni-
tored via CT clamps and voltage measurements inside the main and
branch circuit panels in Electrical Room C009.]:

2. 1540A Main Total (total building power) This was the total kWh for the

building that provided more granular datasets than a single monthly elec-

tric utility meter reading.

Chiller + CHW pump P-3.

CHW pump P-4.

HW Pump P-2.

Pump P-1.

DOAS unit fan.

N oo Hw
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.
21.
22,

23.
24.

DOAS HX.

EF-3.

FCU-1.

BTU (thermal) [ Note: Points were monitored via BTU pulse meters
(flow + supply/return temperatures) in the piping. This did not include do-
mestic hot water supply. The existing boiler and hot water pump in 1540A
were retained. Chilled and hot water were in a closed system. See Section
2.2, “Description,” for sensor layout and mechanical room layouts.]:
Chiller — included chilled water flow rate, supply and return water temper-
ature sensors.

Boiler — included hot water flow rate, supply and return water temperature
Sensors.

Flow (airflow) [Note: This point was monitored via an airflow meter lo-
cated in the supply ductwork of the DOAS unit.].

Temperature and Relative Humidity (°F, % RH) [Note: Points were moni-
tored via temperature and relative humidity sensors.]:

DOAS unit HX supply and return temperatures.

Inside wall temperature and relative humidity (near room Co03) — build-
ing envelope sensor (a similar T/RH measurement was taken inside the
wall of 1540B).

Room temperature and RH, Room Co018 (office).

Room temperature and RH, Room C018B (IA training).

Room temperature and RH, Room Coo2 (office).

Pressure Differential (status):

Building DP alarm (located near room C003, alarmed if building pressuri-
zation went negative).

Ambient:

Outside temperature and humidity were per local weather data service (the
EnTouch system uses local National Oceanic and Atmospheric Admin-
istration [NOAA] reported data)

5.5.2.4 Energy monitoring system, Bldg 1540A

The installation of the project’s EMS within Bldg 1540A began in Nov 2014
and was substantially completed by Jan 2015. Figures 5-13 to 5-17 show
some components of the installed EMS system.
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Figure 5-13. EMS panel with monitoring devices installed.

0
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Figure 5-15. Boiler BTU meter as installed.

Figure 5-16. Building envelope DP sensor and wall temperature/RH sensors installed above
office CO03.
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Figure 5-17. Building envelope DP sensor (high side inside room, low side outside building)
and wall temperature/RH sensor installed above office CO03.

Fhrrx‘.m‘v-_-_p11-_-——-_-—q‘q—p—p-_ R——
v Tl I e el = #

5.5.2.5 Energy monitoring points, Bldg 1540B

The existing mechanical systems in Bldg 1540B were retained “as-is” and

served as the project control. No new equipment or controls were added or
modified. Overall gas and electric consumption data were provided by util-

ity company meters.

N oG A @ N

measurements inside the main and branch circuit panels in the electrical
room.]:

Bldg 1540B Main Total (total building power).

HW Pump.

DX AHU-4 fan.

DX AHU-4 condensing unit.

FCU-3.

Vault Dehumidifier / Exhaust Fan (different from the A-side).

BTU (thermal) [Note: Points were monitored via BTU pulse meters
(flow + temperatures) in the hot water piping.]:

kWh (electric) [Note: Points were monitored via CT clamps and voltage
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10.

11.

12.
13.

14.

15.
16.

17.
18.

19.

Boiler — included common hot water flow, supply and return water tem-
perature sensors.

Flow (airflow) [Note: Point was monitored via an airflow meter located
in the supply ductwork of AHU-4.].

Temperature and Relative Humidity (°F, % RH) [Note: Points were
monitored via temperature and humidity sensors.]:

AHU-4 supply air temperature.

Outside air temperature (the outdoor air temperature measured at the site
generally tracked the outdoor air temperature recorded by NOAA at the
Frederick Municipal Airport, although there were some differences due to
the distance between the project site and the airport).

Inside wall temperature and RH (near room Co06) — building envelope
Sensor.

Room temperature and RH, Room Co06 (office).

Room temperature and RH, Room C0018 (conference).

Room temperature and RH, Room Co21 (office).

Differential Pressure (status):

Differential pressure alarm (alarm on negative pressurization) for the
building (near room C006).

20.Ambient Temperature and RH:

21.

Outside temperature and humidity per local weather data service.

5.5.2.6 Energy monitoring system, Bldg 15408

The installation of the project’s EMS within Bldg 1540B began Nov 2014,
and was substantially completed by Jan 2015. Figures 5-18 to 5-24 show
some components of the EMS installation.
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Figure 5-18. EMS master monitoring device with Global System for Mobile Communications
(GSM) communication device.

Figure 5-19. EMS Controller.

f EMS CONTROLLER

72

MENU | AB GSM_B-OATH  Wed 0301PM o2
R ————————
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Figure 5-20. EMS installation within the Bldg 1540B mechanical room, showing EMS
controller and outside air (OA) temperature sensor.

Figure 5-21. Air flow sensor located in AHU-4 supply air.
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F

Figure 5-22. Outside air temperature sensor.
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Figure 5-24. BTU meter located on Bldg 1540B boiler.

5.5.2.7 General note

For both buildings, electrical sub-meters were not installed on boilers,
FCU’s, Unit Heaters (UHs), CUH’s, EF’s, and packaged terminal air condi-
tioners (PTACs). Gas flow monitoring was not included and domestic hot
water heating monitoring points were not included.

5.5.2.8 Sensor layout

Figures 5-25 and 5-26 display the sensor layouts for Bldgs 1540A&B, re-
spectively.



ERDC/CERL TR-17-26

84

Figure 5-25. Sensor layout in Bldg 1540A.
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Figure 5-26. Sensor layout in Bldg 1540B.
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5.6 Sampling results
Table 5-7 provides an overview of the data sampling, recording, and stor-
age protocol for this demonstration. Chapter 6, “Performance Assess-
ment,” and its subsections provide data on the parameters detailed in Ta-
ble 5-7 (excluding costs). Chapter 7, “Cost Assessment,” and its subsec-
tions provide cost-related data.
Table 5-7. Data sampling, recording and storage protocol.
Data Non-
Data Storage Collection | Standard
Parameters Data Collector Data Recording and Backup Diagram Data
Building air Building envelope |Automatic data Data stored in NA NA
tightness testing  |air tightness recording by test  |test instrument
testing Contractor |apparatus
Temperature Demo Contractor |Temp loggers Remote data NA NA
access
Relative humidity |Demo Contractor |RH loggers Remote data NA NA
access
Gas consumption |DPW personnel Manual recording |Paper NA NA
and/electronic
records
Electrical DPW personnel Manual recording |Paper NA NA
consumption and/electronic
records
First costs Demo Contractor |Invoices Paper NA NA
and/electronic
records
0&M costs DPW personnel Work orders Paper NA NA
and/electronic
records
Occupant Demo Contractor |Temp loggers, Data stored in NA NA
satisfaction Humidity loggers |test instrument
5.7 Equipment calibration and data quality issues

e Equipment Calibration:
e Blower door apparatus (for testing building envelope air tightness) — to
be calibrated by the building envelope air tightness testing Contractor.

e Temperature and RH instruments — factory calibrated.

e Gas meters — factory calibrated.
e Electric meters — factory calibrated. (Installed sensors had their factory
calibration checked at the time of installation.)
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Quality Assurance Sampling: Temperature and RH data were
transmitted in real time to the Contractor’s office where it could be re-
viewed and inspected as frequently as necessary to ensure that all sen-
sors were functioning properly and transmitting plausible data. Gas
and electric meter data were checked on a monthly basis to ensure that
the meters were functioning correctly.

Post-Processing Statistical Analysis: Datasets were inspected to
determine the quality of the collected data. Any missing data points
were filled in by interpolation with surrounding data points, if reasona-
ble. When numerous data points appeared to be missing, it was not ap-
propriate or feasible to fill in these points. In such cases, it was neces-
sary to flag such time periods for special consideration.

Occasional outlier points were considered to be anomalous and were
adjusted to conform to the preceding and succeeding data. Extended
series of outliers were an indication of unexpected conditions in the
sensed environment. Such situations warranted investigation to deter-
mine the cause of the anomaly and, if necessary, to take actions to cor-
rect it or otherwise account for it.
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6 Performance Assessment

This chapter summarizes the data analysis process the investigators used
for each performance objective. Section 6.8, “Performance Review” pre-
sents and reviews the collected data.

6.1 Baseline performance

A major objective of this project was to compare the baseline (pre-retrofit)

energy performance of Bldg 1540A to its post-retrofit performance and to

baseline facility Bldg 1540B. We requested access to Fort Detrick DPW’s

utility records and received the following data for Bldg 1540 for FY2013.

Table 6-1. FY2013 utilities data for Bldg 1540 from Fort Detrick’s DPW.
Bldg 1540A Bldg 15408

Date Elec (kWh) Gas (therm) |Gas (kWh) Elec (kWh) Gas (therm) |Gas (kWh)
Oct-12 6790.1 655.9 19,223 9316.7 530.4 15,544
Nov-12 4460.4 727.9 21,333 6174 679 19,900
Dec-12 3719.7 871.1 25,529 5205 784.6 22,994
Jan-13 4463.6 828.6 24,284 5980 779.2 22,836
Feb-13 4948 796.8 23,352 6956 536.6 15,726
Mar-13 3744 757.4 22,197 5090 332.9 9,756
Apr-13 6742 684.8 20,070 8532 460.2 13,487
May-13 8704 457 13,393 9201 430.4 12,614
Jun-13 15269 287.6 8,429 13313 235.1 6,890
Jul-13 7203 0 7313 0
Aug-13 0 231.3 6,779 0 22.9 671
Sep-13 0 0 0 0
TOTALS 66,044 6,298 184,588 77,081 4,791 140,419
TOTALS 250,632 kWh 217,500 kWh
EUI 32.9 kWh/ft2 (based on 7,618 ft2) 38.9 kWh/ft2 (based on 5,590 ft2)
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Based on total building areas of 7,618 ft2 (Bldg 1540A) and 5,590 ft2 (Bldg
1540B), the calculated Energy Use Intensity (EUI) was 32.9 kWh/{t2 for
Bldg 1540A and 38.9 kWh/ft2 for Bldg 1540B. Note that there are gaps in
the data for both buildings for the months of July, August and September.
We are not sure how to address these gaps.

We also hoped to collect several months of operational data in the pre-ret-
rofitted Bldg 1540A while it was occupied under normal operations. Alt-
hough the Contractor submitted their proposed Energy Monitoring plan
on 15 Apr 2014, their proposed system was not approved by the Fort
Detrick NEC until 10 Jul 2014. Meanwhile, the Bldg 1540A occupants had
vacated the building in early July 2014.

After getting NEC approval, the Energy Monitoring System was ordered, in-
stalled and operational by early Sep 2014. As a result, we were unable to col-
lect any pre-retrofit, occupied performance data in Bldg 1540A using our in-
stalled Energy Monitoring System as we had hoped. In the end, we used the
Energy Monitoring System to collect 24 consecutive months of data for both
Bldg 1540A and 1540B. We used this data to compare the first 12 months of
Bldg 1540A energy performance data to the first 12 months of Bldg 1540B
energy performance data and to the second 12 months of Bldg 1540A energy
performance data. We also compared the first 12 months and the second 12
months of energy performance data for Bldg 1540B. The second 12 months
of Bldg 1540B data are significant in that we completed repairing and re-
commissioning Bldg 1540B’s mechanical systems just before the start of this
second 12-month data collection period.

During the first 9 months of our energy performance data collection, Bldg
1540A underwent a variety of phases related to the renovation process. Ta-
bles 6-2 to 6-4 list the electricity and gas utility usage for Bldgs 1540A&B dur-
ing this first 12-month period (Sep 2014 thru Aug 2015). The Bldg 1540A
phases were: (1) an unoccupied, pre-retrofit period (highlighted in pink),

(2) an unoccupied retrofit period (highlighted in yellow), and (3) a reoccupied
post-retrofit period (highlighted in blue). Section 6.8, “Performance Review,”
includes comparisons of, and interpretations drawn from this data.
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Table 6-2. Energy related baseline parameters for Bldgs 1540A&B.

Preliminary Envelope Electricity Usage Gas Usage Total Energy Usage
Building | i o0 rye P€ |Sep 2014 thru Aug  |Sep 2014 thru Aug |Sep 2014 thru Aug
g 2015 2015 2015
1540A |  0.82 CFMys/ft2 97,210 kWh 5,121 Therms 247,292 kWh
1540B | 1.12 CFM7s/ft2 51,822 kWh 6,068 Therms 229,658 kWh

Table 6-3. First 12-month energy performance monitoring period for Bldgs 1540A&B (Sep

Note that Bldg 1540B was continuously occupied throughout the duration
of this project. Also, the first 12 months of data were collected prior to com-

pleting mechanical system repairs and recommissioning of Bldg 1540B.

2014 thru Aug 2015).
Bldg 1540A Bldg 1540B
Month Electric Gas Gas Electric Gas Gas
(KWh) (therms) (KWh) (KWh) (therms) (KWh)
Sep 2014 7,893 248 7,268 4,332 432 12,661
Oct 2014 4,980 403 11,811 6,317 373 10,932
Nov 2014 4,980 816 23,915 6,071 710 20,808
Dec 2014 8,506 957 28,047 6,366 754 22,098
Jan 2015 10,010 894 26,201 6,679 792 23,211
Feb 2015 9,177 881 25,820 6,152 957 28,047
Mar 2015 20,165 447 13,100 677 606 17,760
Apr 2015 358 104 3,048 45 495 14,507
May 2015 1,263 82 2,403 5,779 423 12,397
2,234 259 7,591
3,374 133 3,898
3,796 133 3,898
Total 97,210 5,121 150,082 51,822 6,068 177,806
Totals 247,292 kWh 229,628 kWh
EUI 32.5 kWh/ft2 (based on 7,618 ft2) 41.8 kWh/ft2 (based on 5,590 ft2)
Color Key Pre-Retrofit Period Retrofit Period (unoccupied) _
(unoccupied)
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Table 6-4. Second 12-month energy performance monitoring period for Bldgs 1540A&B (post
retrofit, occupied, Sep 2015 thru Aug 2016).

Bldg 1540A Bldg 1540 B
Month Electric Gas Gas Electric Gas Gas

(kWh) (therms) (kWh) (kWh) (therms) (kWh)
Sep 2015 8,087 49 1,436 5,359 139 4,074
Oct 2015 6,203 166 4,865 4,449 323 9,466
Nov 2015 5,711 231 6,770 4,096 411 12,045
Dec 2015 5,370 251 7,356 4,540 485 14,214
Jan 2016 5,163 529 15,503 4,853 771 22,596
Feb 2016 4,665 425 12,456 4,621 697 20,427
Mar 2016 4,664 228 6,682 4,929 445 13,042
Apr 2016 5,233 158 4,631 4,665 281 8,235
May 2016 6,326 100 2,931 4,296 225 6,594
Jun 2016 8,086 32 938 4,830 43 1,260
Jul 2016 8,719 29 850 5,990 10 293
Aug 2016 9,809 31 909 6,235 12 352
TOTALS 78,036 2,228 65,326 | 58,864 3,842 112,598
TOTALS 143,362 kWh 171,462 kWh
EUI 18.8 kWh/ft2 (based on 7,618 ft2) |30.67 kWh/ft2 (based on 5,590 ft2)

The second 12 months of data (above) were collected after completing me-
chanical system repairs and recommissioning of Bldg 1540B.

One Action Item raised by ESTCP’s Technical Review Panel was to quan-
tify and discuss the impact of solar heat gains on the different sides of the
building. The centerline of the wall dividing Bldgs 1540A&B was oriented
along a nearly northwest-southeast axis as shown in Figure 6-1. As ori-
ented, Bldg 1540A and 1540B had equal roof and wall surface areas facing
northwest, Bldg 1540A had significantly more roof and wall surface area
facing northeast and southeast than Bldg 1540B and it had slightly less
roof and wall surface area facing southwest than Bldg 1540B. With respect
to solar heat gain, southwest facing surface areas would be the most signif-
icant, followed by southeast facing surface areas. In Figure 6-1 one can see
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also that the southwest side of Bldg 1540B appears to be shaded by a num-
ber of mature trees while the southwest side of Bldg 1540A faces a paved
open courtyard.

Considering these differing relative surface areas and differing orientations,
combined with significant shading of the southwest facing walls of Bldg
1540B, it is very difficult to estimate the impact of the building’s orientation
on the relative energy usage of the demonstration side and the baseline side
of the building. We do not believe that relative energy usage was signifi-
cantly affected by building orientation, but the only way to arrive at a credi-
ble estimate of the effect on the relative energy usage would be to model the
building, preferably using an hour-by-hour modeling tool such as Ener-
gyPlus™. No such modeling was conducted as part of this project.

Figure 6-1. Satellite view of Bldgs 1540A&B (maps.google.com).

6.2 Reduced building envelope air leakage

¢ Performance Objective Analysis Overview: Building envelope air
leakage was performed in accordance with the U.S. Army Corps of En-
gineers Air Leakage Test Protocol for Building Envelopes (HQUSACE
2012b), which was based on ASTM E779 Standard Test Method for De-
termining Air Leakage Rate by Fan Pressurization (ASTM 2003a).

e Statistical Methodologies: The methodology uses an unweighted
log-linearized linear regression technique, where Q is the airflow rate,
in m3/s (ft3/min), and dP is the differential pressure in Pa. In deter-
mining the fit to a prescribed equation, the confidence intervals of the
derived air leakage coefficient C and pressure exponent n are calculated
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6.3

according to a procedure defined by this Standard. C and n are calcu-
lated separately for pressurization and depressurization. If the pressure
exponent is less than 0.5 or greater than 1, then the test is invalid and
must be repeated.

Graphical Methodologies: Graphical methodologies were not used.
Modeling and Simulation: Modeling or simulation were not per-
formed as part of this project.

Sensitivity Analysis: Confidence limits for the derived values were
determined from the data using the methodology specified in the
Standard. The confidence limits of a combined pressurization and de-
pressurization are based on a simple average of pressurization and de-
pressurization values.

Industry Standards: ASTM E779 (ASTM 2003a) is the industry
standard for this procedure.

Internal Validity: Test equipment was calibrated, all intentional
building envelope openings were sealed, and occupants were prohib-
ited from entering or leaving the building during data collection peri-
ods. Data were examined to identify any anomalies that would indicate
a possible need to repeat the test.

External Validity: This methodology is broadly applicable to all military
installations, regardless of building type, climate zone or other factors.

Reduced energy consumption

Performance Objective Analysis Overview: Relative energy per-
formance of the retrofitted Bldg 1540A was compared with the baseline
energy performance of Bldg 1540B. The electrical and gas energy re-
quired to heat, cool and ventilate both buildings was analyzed and
compared.

Statistical Methodologies: No statistical analysis was performed.
Graphical Methodologies: Plots of relative energy consumption as
a function of time were employed. Other plots illustrated relative en-
ergy performance as a function of outdoor weather conditions.
Modeling and Simulation: We did not perform modeling or simu-
lation as part of this project.

Sensitivity Analysis: Building operations during normal daily and
seasonal changes in outdoor ambient conditions enabled analysis of
the building’s sensitivity to outdoor weather conditions in comparison
to energy consumption of the baseline facility.
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Anecdotal Perspectives: We discussed with energy managers and
maintenance personnel their general observations about the function
of the retrofitted facility. We also noted typical temperature settings in
Bldgs 1540A&B necessary to maintain comfort and any significant
changes in occupancy or activities within the baseline and retrofitted
facilities that might impact relative energy performance.

Industry Standards: We referenced ASHRAFE’s Performance Measure-
ment Protocols for Commercial Buildings: Best Practice Guide (ASHRAE
2012b), and ASHRAFE'’s Guideline 14-2014, Measurement of Energy, De-
mand, and Water Savings (ASHRAE 2014) or similar guidance.
Internal Validity: We measured energy consumption similarly on both
sides of the demonstration building to ensure that the energy required to
heat, cool, and ventilate both sides was accurately portrayed. Energy con-
sumption meters were calibrated and checked on a regular basis.

We had no effective means of tracking significant differences or
changes in occupancy or activities in the baseline and retrofitted facili-
ties to account for the effect of occupants. On our various site visits,
however, we noted that occupants appeared to be keeping exterior
doors and windows closed at all times.

External Validity: We believe that these integrated technologies are
feasible and applicable to all but the most extremely humid locations.
These technologies should be ideally suited to dry climates (i.e., loca-
tions with low outdoor DPTs) because the ventilation air dehumidifica-
tion load would be minimal. In such locations, the dehumidification ca-
pacity of the DOAS system could be greatly reduced or possibly elimi-
nated altogether. This would reduce the first cost of the system and
simultaneously lower the operating cost as well. In such locations, with
low outdoor humidity levels, there would be decreased risk of conden-
sation on radiant cooling surfaces. As a result, it might be safe to oper-
ate the radiant cooling panels at lower surface temperatures without
risk of condensation. If so, this would increase the cooling capacity of
the panels and possibly further decrease first costs.

In hot locations, these technologies would remain technically feasible
as long as it would be possible to install sufficient cooling surface area
to satisfy the cooling load requirement. In making this determination,
the designer would need to consider the expected DPTs within the
space and adjust the panel surface temperature accordingly. A panel
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surface temperature reduction of only a few degrees would significantly
increase the system’s cooling capacity. For example, in a room with a
mean radiant temperature of 78 °F and a panel surface temperature of
62 °F, lowering the panel’s surface temperature by 2 °F would increase
the radiant cooling capacity by 12%.

These technologies would be quite ideal in locations where the design
heating load was significantly larger than the design cooling load. In
the heating mode, the AT between the hot water supply and return
temperatures is much greater than the AT between the chilled water
supply and return temperatures. As a result, a given radiant panel sur-
face area would have much more heat transfer capacity in the heating
mode than in the cooling mode. If the cooling load were substantially
smaller than the heating load, the total radiant panel surface could be
significantly downsized, making the first cost of the overall radiant
heating and cooling system much less expensive.

Radiant heating systems are already being used in large open bay sys-
tems such as hangars, garages, and maintenance facilities. These facili-
ties are typically not cooled. Occupancies that are expected to benefit
from the combination of radiant heating and cooling would include ad-
ministrative and barracks facilities. In all applications, adequate provi-
sion must be made for delivery of properly conditioned ventilation air.

6.4 Cost effectiveness

Performance Objective Analysis Overview: We tracked the costs
to install the proposed systems and to operate and maintain them, to
include the cost of energy. These costs were compared with the costs to
install, operate and maintain a conventional system in the same build-
ing. Costs associated with demolition of the previously existing all-air
HVAC system were excluded from this analysis so that the included
costs were similar to what might be experienced in a new construction
project.

Graphical Methodologies: Cost data for the demonstrated systems
vs. a conventional system were presented in a tabular format.
Modeling and Simulation: We did not perform modeling or simu-
lation as part of this project.

Sensitivity Analysis: Sensitivity analysis to determine the impact of
increases (or decreases) in system component costs, differing local util-
ity rates and differing climate conditions was not performed.
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6.5

Anecdotal Perspectives: We were unable to obtain a good break-
down of the construction Contractor’s perspective of the relative costs
of these technologies vs. more conventional technologies. We were un-
able to get feedback from the Fort Detrick DPW on the relative costs to
maintain the demonstrated system vs. a more conventional system.
Industry Standards: RS Means cost data were used as a reference of
comparison of costs to purchase and install these systems.

Internal Validity: We made sure that the costs attributed to the
demonstrated systems did not include the costs of ancillary systems
such as sensors and data collection systems that would not be included
in a normal construction project. We also attempted to reasonably ad-
just the purchase and installation costs of the demonstrated systems to
account for the fact that the first costs for these systems would be ex-
pected to fall if they were to become more widely used.

External Validity: Cost effectiveness of this technology at other loca-
tions will need to consider local utility rates and labor rates in addition
to local climate conditions. In a very dry, temperate climate, it might be
possible to successfully implement this technology with very little de-
humidification capacity and reduced heating and cooling capacity.
Conversely, in a humid location with extreme peak heating and in-
creased cooling and dehumidification requirements, use of these tech-
nologies might be prohibitively expensive.

Building Life-Cycle Cost Program: To address the System Econom-
ics Performance Objective, the USDOE'’s Life-Cycle Cost tool was used.

Improved comfort

Performance Objective Analysis Overview: Comfort was ana-
lyzed with reference to ASHRAE Standard 55-2010, Thermal Environ-
mental Conditions for Human Occupancy, Section 5.2.1.1 “Graphic
Zone Comfort Method” (ASHRAE 2010).

Statistical Methodologies: No statistical analyses were performed.
Graphical Methodologies: A time dependent scatter plot was used
(section 6.8.2). A stock chart was also modified to accommodate the
display of temperature and humidity ranges.

Modeling and Simulation: We did not perform modeling or simu-
lation as part of this project.
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Sensitivity Analysis: We did not perform a sensitivity analysis to de-
termine how occupant comfort might be impacted by unusual outdoor
temperature or humidity conditions.

Anecdotal Perspectives: We attempted to perform a survey of occu-
pants of Bldgs 1540A&B, but the occupants were not responsive to the
survey. We did, however, hear about a complaint of uncomfortably warm
conditions in Bldg 1540A’s Room C018B (the Information Assurance
training classroom). In response to this complaint, the Contractor in-
stalled additional cooling panels in the ceiling of this room in an attempt
to alleviate the lack of adequate cooling capacity. Subsequently, we had a
brief discussion with the instructor in this classroom. He said that the
temperatures in the classroom were still too hot and that they had
brought in a portable cooling unit to blow cool air into the classroom.
This problem does not necessarily indicate a failure of the radiant cool-
ing technology per se. The Contractor’s initial design was for an ex-
pected classroom cooling load of one instructor, 10 students, their
computers, a projector, and the room’s lighting. After the occupants re-
turned to the building, we found that the cooling load had essentially
doubled (one instructor, 20 students, their computers, a projector, and
the room’s lighting). As a result, the original radiant cooling system de-
sign for this space was wholly undersized to handle the space’s actual
cooling load. The Contractor worked with the radiant panel manufac-
turer to attempt to address the problem with the installation of a few
additional panels. However, without a major reworking of the entire
system in C018B (piping, valves, rearrangement of originally installed
radiant cooling panels, and additional panels), it was not possible to
gain the additional cooling capacity to satisfy the room’s added cooling
load. One can see from Figure 5-7 that most of the available ceiling
space is currently taken with the installed panels. Apparently the radi-
ant panel manufacturer had some further ideas to increase the cooling
capacity, to include mounting cooling panels on the upper walls of the
space. It might have been possible to satisfactorily address the problem
with further system changes, but this was not attempted. An important
takeaway is that any HVAC system is only as good as the heating/cool-
ing load estimates upon which it is based. If actual loads are signifi-
cantly different than the original design, adding additional capacity can
be very challenging.
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It is also possible that the occupants’ use of this room may have exacer-
bated their cooling problem. We noted that the occupants often operated
the room with both of its doors open to the unconditioned high ceilinged
storage area. This would have allowed heat from this uncooled space to
infiltrate the classroom space, adding to its cooling load.

It should also be noted that it was basically impossible for the Contractor
to remotely control the temperature of the chilled water delivered to the
radiant panels. Because the Contractor was not allowed to remotely con-
trol chilled water temperatures and other system parameters, and be-
cause they were being very careful to maintain radiant panel tempera-
tures above the space DPT, it was not practical for the Contractor to
“play” with chilled water temperatures to see if that would resolve the
temperature issue in this space. For example, assuming a mean radiant
temperature in the space of 78 °F and a mean cooling panel surface tem-
perature of 63.5 °F, reducing the cooling panel’s surface temperature by
just 2 °F (to 61.5 °F) would increase the panel’s cooling capacity by 12%.

Other than this unresolved problem in Room C018B, we had heard
only positive comments concerning comfort in the remainder of Bldg
1540A. We discussed this with DPW personnel, who said they were un-
aware of any other issues related to comfort in the building.

e Industry Standards: ASHRAE Standard 55-2010, Thermal Envi-
ronmental Conditions for Human Occupancy (ASHRAE 2010).

e Internal Validity: We discouraged the use of personal electric heat-
ers, personal fans, opened windows and doors, or other means for peo-
ple to control their personal comfort. We made sure that the tempera-
ture and humidity sensors used to ascertain comfort per ASHRAE
Standard 55 (ASHRAE 2010) were properly calibrated, located appro-
priately, and providing credible data.

e External Validity: Other than the problem of comfort issues in
Room Co018B noted above, we verified that the system provides com-
fort in accordance with ASHRAE Standard 55 (ASHRAE 2010), assum-
ing that the system is designed and installed with adequate heating,
cooling, dehumidification, and ventilating capacity.
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6.6 Reduced relative mold/mildew potential

e Performance Objective Analysis Overview: Of the three necessary
ingredients for the formation and growth of mold and mildew (spores,
food source, an acceptable temperature range and adequate moisture in
the food source), the only one that we can realistically control is the
moisture content of the food source. Therefore, our analysis focused on
the ability of the retrofitted facility to maintain humidity in the building
at levels that will keep building elements and building contents dry
enough to discourage mold and mildew formation and growth.

e Statistical Methodologies: No statistical analysis was performed.

. Graphical Methodologies: We did not use graphical methodologies
to analyze this item.

¢ Modeling and Simulation: We did not perform modeling or simu-
lation as part of this project.

e Sensitivity Analysis: No sensitivity analysis was planned.

e Anecdotal Perspectives: No interviews were conducted.

e Industry Standards: “Water activity” describes the amount of water
adsorbed by a specified material when it is in equilibrium with air at a
given RH. Two material samples of equal mass but dissimilar sorption
characteristics would contain differing absolute masses of water at the
same water activity level. In other words, a water activity of 0.75 would
correspond to the moisture content of a material with a given sorption
characteristic when exposed to and in equilibrium with air at a RH of
75%. Since most building materials and building contents are not sus-
ceptible to mold growth at water activity levels below 0.75, our goal
was to ensure that no building materials or building contents experi-
enced a water activity greater than 0.75.

e Internal Validity: We ensured that temperature and RH data loggers
were properly calibrated and delivering accurate data. We also located
these devices in the areas that were most susceptible to development of
mold and mildew.

e External Validity: This performance objective is fully applicable to
other locations because it is dependent on maintaining the proper in-
ternal environmental conditions that should be attainable with a
properly designed system.
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6.7 Easily operable and maintainable

Performance Objective Analysis Overview: Because this project
replaced a conventional mechanical system, our goal was to demon-
strate that the retrofit system was at least as easily operable and main-
tainable as the existing system. Operability and maintainability was to
be determined through the analysis of frequency and extent of opera-
tional problems associated with the demonstrated systems and the de-
gree of difficulty that maintenance personnel experience in addressing
these problems in comparison to the O&M of the conventional system
within the baseline facility.

Statistical Methodologies: O&M data are sufficiently sparse to be
statistically insignificant.

Graphical Methodologies: Graphical methodologies were not used.
Modeling and Simulation: We did not perform modeling or simu-
lation as part of this project.

Sensitivity Analysis: No sensitivity analysis was performed.
Anecdotal Perspectives: We engaged the O&M staff during com-
missioning of the demonstrated systems. The O&M personnel who par-
ticipated in the commissioning of the systems expressed their satisfac-
tion with the relative simplicity of the installed systems.

Subsequent to turnover of the system, we attempted to discuss with the
installation energy manager and the O&M staff their experiences work-
ing with the demonstrated system. As this was an unfamiliar technol-
ogy, it would have been helpful to identify areas of misunderstanding
or concepts that needed to be explained so that maintenance staff could
more easily operate and maintain the systems. We were able to discuss
maintenance issues with the DPW’s Chief of Operations after about 2
years of operational experience. He said that he was unaware of any
significant issues or problems with the system. In the absence of infor-
mation to the contrary, we believe that the demonstrated system was as
at least as operable and maintainable as the conventional VAV system
that it replaced.

Industry Standards: We are unaware of any related industry standards.
Internal Validity: We were unable to analyze operability and main-
tainability for internal validity.

External Validity: We were unable to evaluate external validity of
this performance objective.
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6.8

Performance review
6.8.1 Overview of performance review

The data listed Table 6-5 give an overview of the performance objectives of
this demonstration.

6.8.2 Thermal comfort

The Graphical Zone Method of ASHRAE STD 55-2010 (ASHRAE 2010)
provides a plotted area of temperature and humidity combinations where
80% of occupants in mechanically cooled spaces will be comfortable per-
forming low exertion activities (typing, filing, etc.) (Figure 6-2). The upper
and lower temperature bounds in this standard are 82 °F in the summer
and 67 °F in the winter. For Bldg 1540A, 95% of the daily temperatures (6
a.m. to 6 p.m.) ranged between 62 and 78 °F, averaging 70 °F (Figure 6-3).
Similarly, 95% of the daily relative humidities (6 a.m. to 6 p.m.) ranged be-
tween 28 and 58% RH, averaging 43%. These parameters for Bldg 1540A
were predominantly within the standard’s plotted area of acceptability,
demonstrating Bldg 1540A’s compliance with ASHRAE STD 55-2010
(ASHRAE 2010). Interior temperatures during unoccupied periods were
cooler than the Standard’s 67 °F lower boundary due to the 55 °F night
temperature setpoint. Although interior temperatures never fell to the

55 °F night setback temperature, they were often below 67 °F at the start
of the “occupied” period (6 a.m. to 6 p.m.) in the winter months (Figure
6-4, Table 6-6).
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Figure 6-4. Interior temperatures recorded within Bldg 1540A.
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Table 6-6. Monthly outdoor temperatures and interior thermal comfort ranges.

1540A 1540B
Outside 1540A Interior Interior 1540B Interior Interior

Month Temperature Temperature RH Temperature RH
Sep 2015 77 °F N/A N/A N/A N/A
Oct 2015 65 °F N/A N/A N/A N/A
Nov 2015 56 °F 55 °F-78 °F 26%-59% N/A N/A
Dec 2015 53 °F 64 °F-75 °F 29%-66% N/A N/A
Jan 2016 30 °F 60 °F-74 °F 27%47% N/A N/A
Feb 2016 35 °F 59 °F-71 °F 25%-45% N/A N/A
Mar 2016 48 °F 61 °F-73 °F 33%-52% N/A N/A
Apr 2016 50 °F 61 °F-73 °F 30%-54% 69 °F-74 °F 29%-57%
May 2016 63 °F 64°-75 °F 35%-57% 69 °F-76 °F 33%-65%
Jun 2016 72 °F 70 °F-77 °F 40%-57% 70 °F-77 °F 40%-60%
Jul 2016 78 °F 70 °F-85 °F 40%-60% 71 °F-80 °F 49%-68%
Aug 2016 78 °F 70 °F-81 °F 41%-58% 71 °F-82 °F 54%-69%

6.8.3 Microbial growth potential

In addition to thermal comfort, ASHRAE has also published recommenda-
tions for indoor humidity levels for mitigating mold growth and promoting
human health. According to the 2015 ASHRAE Handbook: HVAC Appli-
cations (ASHRAE 2015), “... a conservative limit for no mold ever, on any-
thing at any temperature, is below 60% RH.” Furthermore, the 2012
ASHRAE Handbook on HVAC Systems and Equipment (ASHRAE 2012c¢)
details an optimum humidity range for human comfort and health be-
tween 30 and 60% RH (Figure 6-5). Bldg 1540A averaged 43% RH during
the occupied period (6 a.m. to 6 p.m.) demonstrating the HVAC system’s
success in mitigating microbial growth potential. These accomplishments
validated the ability for a properly designed radiant panel and DOAS sys-
tem combination to maintain temperature and humidity for indoor health
and comfort.
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Figure 6-5. The optimum humidity range for human comfort and health (30 to 60%), as
published in the 2012 ASHRAE Handbook on HVAC Systems and Equipment.
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6.8.4 Comparison with baseline energy Performance

This project demonstrated energy savings for Bldg 1540A’s radiant system
over the original all-air system. Overall energy consumption (electric +
gas) in Bldg 1540A for the period Sep 2015 through Aug 2016 decreased
42% compared with the prior 12 months (Sep 2014 through Aug 2015)
(Figure 6-6 and Table 6-7). This was due to a 20% decrease in electricity
usage, and a 56% decrease in gas usage (Figures 6-7 and 6-8). Section
6.8.5 compares the energy performance of Bldgs 1540A&B.

Table 6-7. Monthly electric and gas usage data for Bldg 1540A during the periods of Sep 2014 through

Aug 2015 and Sep 2015 through Aug 2016. Also shown are monthly HDD and CDD (base 60).

Sep 2014 through Aug 2015 Sep 2015 through Aug 2016

Electric Gas
Month HDDeo | CDDeo | Electric (kWh) |Gas (Therms)| Month HDDeo | CDDeo (kWh) (therms)
Sep 2014 5.4 | 282.5 7,893 248 Sep 2015 0 266.4| 8,087 49
Oct 2014 56.6 77.8 4,980 403 Oct 2015| 201.3 13.8| 6,203 166
Nov 2014 | 442.9 3.1 4,980 816 Nov 2015| 319.1 18.3| 5,711 231
Dec 2014 | 614.4 0 8,506 957 Dec 2015| 422.6 5.6| 5,370 251
Jan 2015 | 886.5 0 10,010 894 Jan 2016| 911.7 0 5,163 529
Feb 2015 | 943.7 0 9,177 881 Feb 2016| 713.1 0 4,665 425
Mar 2015 | 624.1 0 20,165 447 Mar 2016| 363.3 15.3| 4,664 228
Apr2015 | 167.3| 29.3 358 104 Apr2016| 264.4 22.7| 5,233 158
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Sep 2014 through Aug 2015 Sep 2015 through Aug 2016

Electric Gas
Month HDDeo | CDDeo | Electric (kWh) |Gas (Therms)| Month HDDeo | CDDeo (kWh) (therms)
May 2015 11.7| 282 1,263 82 May 2016 87.4| 119.8 6,326 100
Jun 2015 29| 3711 12,010 115 Jun 2016 0 359.9 8,086 32
Jul 2015 0 496.9| 10,083 83 Jul 2016 0 544.6 8,719 29
Aug 2015 0 438.1 7,785 91 Aug 2016 0 542.7 9,809 31
Total 3755.5|1980.8| 97,210 5,121 Total| 3282.9| 1909.1| 78,036 2,229
Total 247,292 Total 143,362

In Table 6-7, note that Bldg 1540A was unoccupied during the shaded
months while the demonstration system was being installed. Table 6-7 also
includes Heating Degree Days (HDD) and Cooling Degree Days (CDD) us-
ing a balance point of 60 °F. Weather data were obtained from a Global
Surface Observation Data (GSOD) data file from the Frederick Municipal
Airport, which is approximately 1 mile to the Southeast of Bldg 1540. The
data consist of daily averages of DBT data, dew point temperature data,
and several other weather data parameters. HDD and CDD calculations
are based on daily average DBT data only. From a quick review of Table
6-7, one can see that there were 14% more HDDs and 4% more CDDs in
the period of Sep 2014 to Aug 2015 than for the period Sep 2015 to Aug
2016. These greater HDDs and CDDs are not significant enough to account
for the considerably more electrical and gas energy consumed in the pe-
riod of Sep 2014 to Aug 2015.

In reviewing Table 6-7, it is puzzling to note that, although Bldg 1540A was
unoccupied from Sep 2014 to May 2015 (as the building was being reno-
vated and commissioned), it still had comparable or greater electrical us-
age during several months in this period than during the same months in
the following year; also, recorded gas usage during most months was
greater than gas usage in the same months of the following year. The Con-
tractor went to great efforts to account for these anomalies, including
checking the calibration of meters and instrumentation and reviewing se-
quences of operation and operational schedules and verifying conversion
factors on gas meters.

It is possible that construction contractor activities consumed an inordi-
nate amount of electricity during the unoccupied period, but this is consid-
ered to be unlikely. The Contractor also detected and corrected a boiler
controls problem that allowed the boiler to stay fired during unoccupied
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periods even though no spaces had fallen below the night thermostat set-
ting. They also detected that various room temperature setpoints had been
adjusted downward on a number of occasions. This was especially intri-
guing since the Contractor themselves had no means to make such adjust-
ments without hiring the installation’s controls contractor to make these
changes. This anomaly remained unresolved.

Figure 6-6. Bldg 1540A total energy usage (electric + gas) for the period Sep 2015 to Aug
2016 vs. the period Sep 2014 to Aug 2015.

Total Energy (Electric + Gas)
Comparison of Bldg. 1540A to Prior Year

m 15404 - 2015/16
FY (143,307
kwh)

m 15404 - 2014/15
FY (247,256
kwh)

Figure 6-7. Bldg 1540A realized a 20% decrease in electrical usage for the period Sep 2015
to Aug 2016 vs. the period Sep 2014 to Aug 2015.

Yearly Electricity Usage Comparison for
Bldg. 1540A

m 1540A - 2015/16
FY (78,036 kWh)

m 15404 - 2014/15
FY (97,210 kWh)
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Figure 6-8. Bldg 1540A realized a 56% decrease in gas usage for the period Sep 2015 to Aug
2016 vs. the period Sep 2014 to Aug 2015.

Yearly Gas Usage Comparison for Bldg.
1540A

m 15404 - 2015/16
FY (2,228
Therms)

m 15404 - 2014/15
FY (5,121
Therms)

Bldg 1540B’s energy usage shared similarities with the previous year.
Overall energy consumption (electric + gas) in Bldg 1540B decreased 25%
compared with the prior year (2014/2015 FY) (Figure 6-9 and Table 6-8).
This was due to a 14% increase in electricity usage being offset by a 37%
decrease in gas usage (Figures 6-10 and 6-11).

Table 6-8. Bldg 1540B monthly electric and gas usage data for the periods of Sep 2014
through Aug 2015 and Sep 2015 through Aug 2016.

Electric Gas Electric

Month (kWh) (therms) Month (kWh) Gas (therms)
Sep 2014 4,332 432 Sep 2015 5,359 139
Oct 2014 6,317 373 Oct 2015 4,449 323
Nov 2014 6,071 710 Nov 2015 4,096 411
Dec 2014 6,366 754 Dec 2015 4,540 485
Jan 2015 6,679 792 Jan 2016 4,853 771
Feb 2015 6,152 957 Feb 2016 4,621 697
Mar 2015 677 606 Mar 2016 4,929 445
Apr 2015 45 495 Apr 2016 4,665 281
May 2015 5,779 423 May 2016 4,296 225
Jun 2015 2,234 259 Jun 2016 4,830 43
Jul 2015 3,374 133 Jul 2016 5,990 10
Aug 2015 3,796 133 Aug 2016 6,235 12
Total 51,822 6,068 Total 58,863 3,842
Total 229,686 kWh 171,461 kWh
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The decreased energy usage in baseline Bldg 1540B is also somewhat diffi-
cult to explain. As with Bldg 1540A, the 14% more HDDs and 4% more
CDDs in the period of Sep 2014 to Aug 2015 than for the period Sep 2015
to Aug 2016 do not appear to be sufficient to explain the building’s re-
duced energy usage from Sep 2015 to Aug 2016. One possible explanation
for the reduced energy usage might be that the repairs and recommission-
ing work (see Appendix B) completed in Aug 2015 improved the building’s
overall energy efficiency. Although some energy efficiency improvements
may have resulted, it seems unlikely that the building would have seen
such a significant improvement in energy efficiency. A more plausible ex-
planation would seem to be that occupancy and/or activities within Bldg
1540B were significantly reduced during the latter period as compared to
the prior year. We were unable to verify relative occupancies or activity
levels between these two periods.

Figure 6-9. Bldg 1540B total energy usage (electric + gas) for the period Sep 2015 to Aug
2016 vs. the period Sep 2014 to Aug 2015.

Total Energy (Electric + Gas)
Comparison of Bldg. 1540B to Year Prior

m 15408 - 2015/16
FY (171,436
kWh)

m 1540B - 2014/15
FY (229,586
kWh)

Figure 6-10. Bldg 1540B realized a 14% increase in electrical usage for the period Sep 2015
to Aug 2016 vs. the period Sep 2014 to Aug 2015.

Yearly Electricity Usage Comparison for
Bldg. 15408

m 15408 - 2015/16
FY (58,864 kWh)

m 15408 - 2014/15
FY (51,822 kWh)
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Figure 6-11. Bldg 1540B realized a 37% decrease in gas usage for the period Sep 2015 to
Aug 2016 vs. the period Sep 2014 to Aug 2015.

Yearly Gas Usage Comparison for Bldg.
15408

m 15408 - 2015/16
FY (3,842
Therms)

m 15408 - 2014/15
FY (6,068
Therms)

6.8.5 Energy performance comparison of Bldgs 1540A&B for monitoring
periods Sep 2014 to Aug 2015 and Sep 2015 to Aug 2016

Table 6-9 lists electricity and gas utility usage for Bldgs 1540A&B during
the post-retrofit monitoring period (Sep 2015 to Aug 2016). Overall, Bldg
1540A used 16% less energy than Bldg 1540B (Figure 6-12). Bldg 1540A
consumed 33% more electrical energy than Bldg 1540B (Figure 6-13),
however, Bldg 1540A also used 42% less gas energy than Bldg 1540B (Fig-
ure 6-14). Two seasonal observations were made when comparing Bldgs
1540A&B. First, while Bldg 1540A typically used more electrical energy
than Bldg 1540B, this gap widened during the summer season. This was
attributed to the multitude of components in the radiant panel system
(chiller, DOAS, pumps, etc.) that consume electricity and that operate year
round (with the exception of the chiller). Second, during the fall and win-
ter periods, the heating system in Bldg 1540B demanded more energy
from its boiler compared with Bldg 1540A. This single difference in boiler
energy usage drove Bldg 1540B’s total energy usage above 1540A’s despite
1540A using more energy in its chiller, HVAC, and electrical systems. The
energy savings recorded from Bldg 1540A becomes even more appreciable
after incorporating adjustments for the differences in each building’s
square footage. Bldg 1540B used 30.67 kWh/ft2 while Bldg 1540A used
18.81 kWh/ft2. This represented a 39% energy savings for Bldg 1540A on
an energy usage per square footage basis compared with Bldg 1540B.
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Table 6-9. Post-retrofit monitoring period (Sep 2015 to Aug 2016)
electricity and gas utility usage for Bldgs 1540A&B.

Bldg 1540A Bldg 1540 B
Electric Gas Electric Gas

Month (kWh) (therms) (kWh) (therms)
Sep 2015 8,087 49 5,359 139
Oct 2015 6,203 166 4,449 323
Nov 2015 5,711 231 4,096 411
Dec 2015 5,370 251 4,540 485
Jan 2016 5,163 529 4,853 771
Feb 2016 4,665 425 4,621 697
Mar 2016 4,664 228 4,929 445
Apr 2016 5,233 158 4,665 281
May 2016 6,326 100 4,296 225
Jun 2016 8,086 32 4,830 43
Jul 2016 8,719 29 5,990 10
Aug 2016 9,809 31 6,235 12
Total 78,036 2,228 58,864 3,842
Total (kWh) 143,307 171,436

Figure 6-12. Fiscal year 2015/2016 overall energy usage comparison for Bldgs 1540A&B
(electricity + gas). Overall, Bldg 1540A used 20% less energy than Bldg 1540B.

Overall Energy Usage Comparison (Electricity + Gas)

m 1540 B (171,436
kwWh)

m 1540 A (143,307
kwWh)
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Figure 6-13. Fiscal year 2015/2016 electricity usage comparison for Bldgs 1540A&B.
Bldg 1540A consumed 30% more electrical energy than Bldg 1540B.

Electricity Usage Comparison

= 1540 B
(58,864 kWh)

m 1540 A
(78,036 kWh)

Figure 6-14. Fiscal year 2015/2016 gas utility usage comparison for Bldgs 1540A&B.
Bldg 1540A consumed 43% less gas energy than Bldg 1540B.

Gas Usage Comparison

m 1540 B (3,842
Therms)
m 1540 A (2,228
Therms)
Table 6-10. Summary table of energy performance.
Bldg 1540A Bidg 1540B
Total Elec Total
Elec (kWh) | Gas (kWh) | (kWh) EUI (kWh) | Gas (kWh)| (kWh) EUI
FY2013 DPW Data 66,044 184,588 | 250,632 | 32.9 | 77,081 | 140,419 | 217,500 | 38.9
Demonstration Data
Sep 2014-Aug 2015 97,210 150,082 | 247,292 | 32.5 | 51,822 | 177,806 | 229,628 | 41.1
Demonstration Data
Sep 2015-Aug 2016 78,036 65,326 | 143,362 | 18.8 | 58,864 | 112,598 | 171,462 | 30.7
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6.8.6 Operations and maintenance

In discussions with the installation’s Operations and Maintenance Chief,
he stated that he was unaware of any maintenance issues with the installed
system. An absence of O&M-related issues demonstrated the system’s ease
of operation and maintainability. The waterside components of a radiant
panel system are similar to those of a hot/chilled water fan coil system.
However, the fact that a radiant panel system has no need for FCUs results
in a system with fewer moving parts and filters.

6.8.7 Distinct building issues and differences

Additional differences between Bldgs 1540A&B include:

A much greater volume of conditioned outside air is required for Bldg
1540A, primarily driven by its much larger latrine size and the fact that the
current ventilation rate was based on current ASHRAE standards.

The fully conditioned area (heated and cooled) area (square feet) of Bldg
1540A is 1.63 times greater than that of Bldg 1540B. The total area of Bldg
1540A is 1.36 times larger than Bldg 1540B.

The total wall length separating heated-only spaces from fully conditioned
spaces is nearly 1.4 times greater for Bldg 1540A than for Bldg 1540B.

The envelope of Bldg 1540A encloses a volume (cubic feet) that is 1.36
times larger than that of Bldg 1540B.

The mission in Bldg 1540A is different from that of Bldg 1540B. In particu-
lar, Bldg 1540A has the Information Assurance training mission, which ap-
pears to have ongoing classes of approximately 20 students and their com-
puters. Bldg 1540B does not appear to have anything comparable as far as
operational intensity. Also, Bldg 1540A has a much larger shower/locker
room.

6.8.8 Other issues

1.

During periods of cool nighttime temperatures, Bldg 1540A temperatures
did not fall to the 55 °F nighttime setback temperature during unoccupied
mode. The programming for the 55 °F night setback temperature was veri-
fied during a Jan 2016 site visit. It was also discussed with Control Sys-
tems, Inc., Fort Detrick’s controls contractor, in Mar 2016, at which time
the BAS was reprogrammed so that the boilers should not operate when
the indoor temperatures are above 55 °F during unoccupied periods.
Therefore, the system appears to have been influenced/manipulated onsite
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by occupants during the after-hours period (6:00 p.m. to 6:00 a.m.). De-
spite the Mar 2016 reprogramming efforts by the controls Contractor, the
HVAC system did not reach the nighttime setback temperature as in-
tended.

2. We also noted that:

3. There is one heating VAV coil in Bldg 1540B that has been nonfunctional
for the past 7 months. This could account for an approximate 5-10% ab-
sence of heating energy from Bldg 1540B. The VAV coil concern is on a
DPW repair list awaiting corrective action.

4. The mechanical air handling equipment serving Bldg 15408 is substan-
tially smaller than the comparable system in Bldg 1540A.

5. In Bldg 1540A, the dehumidification discharge air temperature setpoint
was raised from 45 to 50 °F. Additionally, the Entering Air Humidity sen-
sor was programmed with a 10% RH deadband. These adjustments were
made because it was suspected that the DOAS reheat was a major energy
consumer during the cooling season.

6. In Mar 2016, the BAS programming / logic of Bldgs 1540A&B was modi-
fied so that the boilers would not operate when the indoor space tempera-
ture is above 55 °F during unoccupied periods.
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7 Cost Assessment

e Building Life-Cycle Costing: Completed using “User Friendly”
Building Life-Cycle Costing (Addison 1999), a Department of Energy
funded program that is a derivative of efforts described in the National
Institute of Standards and Technology (NIST) Handbook 135 (Fuller
and Petersen 1995).

e Life-Cycle Cost Table: See Table 7-1.

e Life-Cycle Cost Elements: See Table 7-1.

e Life-Cycle Cost Timeframe: The life-cycle cost estimate was con-
ducted during the course of the project. First costs (material and equip-
ment purchases and installation labor) were compiled during the
course of system installation that occurred within approximately the
first 8 months of the project. Operational costs, including energy costs
and O&M costs, were gathered during the 12-month data collection pe-
riod.

7.1 Cost model

Table 7-1. Cost model for the demonstrated system.

Estimated
Cost Element Data Tracked During the Demonstration Costs
Hardware capital costs |Estimates made based on component costs for
demonstration. This includes, but is not limited
to: boiler, chiller, control systems, hardware, $220,632
plumbing, pumps, and radiant panels.
Installation costs Labor.requwed to install equipment and $110,000
materials.
Consumables Estimates based on rate of consumable use $0
during the field demonstration.
Facility operational Reduction in energy required vs. baseline data. $2.746
costs ’
Maintenance Frequency of required maintenance. $220
Labor and material per maintenance action.
Hardware lifetime Estimate based on components degradation 0 Years
during demonstration.
Operator training Estimate of training costs. $2,500
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7.2

7.3

Cost drivers

HVAC systems are sized and selected based on external loads (e.g., build-
ing location, orientation, and enclosure details), internal loads (e.g., occu-
pants, equipment, and appliances), infiltration, and unique system re-
quirements and building quality (ASHRAE 2015). The largest anticipated
cost driver for a retrofit project would be the installation of a continuous
air barrier within the facility. This project selected a building with an exist-
ing interior air barrier that needed to be extensively repaired and com-
pleted for purposes of this project. Nevertheless, if the facility had no air
barrier to begin with, it would have added a large cost to this project to in-
stall a new air barrier.

A second major cost driver could be the required mechanical room space
to install the DOAS. The DOAS AHU is configured to be approximately
50% taller than a conventional AHU to accommodate the desiccant energy
recovery wheel. Care should be taken in selecting an existing mechanical
equipment room so that it can accommodate the physically larger DOAS
equipment. Chapter 5, “Test Design,” and Appendix B, “Equipment Sched-
ules,” provide equipment-related information. Chapter 4, “Facility/Site
Description,” provides site information.

Cost analysis and comparison

A life-cycle cost analysis was performed comparing the project installation
cost including materials and equipment costs, labor costs, energy costs
and operation and maintenance costs. The radiant panel system with
DOAS was compared with a Conventional Chilled/hot water VAV system
such as existed at Bldg 1540A before implementation of this demonstra-
tion project. The costs associated with a modern Conventional Chilled/hot
water VAV system were estimated using RS Means.

Costs included:

e Base: (conventional chilled/hot water VAV system)

e Estimated first cost of system (using RS Means): $259,250

e Estimated yearly utility cost (derived from scaling 1540B consump-
tion): $9,717

e Yearly maintenance costs: $1,540.

e Alternate: (radiant panel system with DOAS)

e Actual first cost of system: $332,632
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e Actual first year utility cost: $6,971
e Yearly maintenance costs: $220.

Assumptions were:

e USDOE/Federal Energy Management Program (FEMP) Fiscal Year:
2015

e Real Discount Rate for Capital Costs: 3.0%

e Real Discount Rate for Operations Costs: 3.0%

e Study Period (years covered by the Life-Cycle Cost [LCC] analysis): 25

e Number of Years before Project Occupancy or Operation: 0

e USDOE Fuel Price Escalation Region: 3

e Analysis Sector: 2.

The present value life-cycle costs for 25 years were:

e Base: (conventional chilled/hot water VAV system): $470,796
e Alternate: (radiant panel system with DOAS): $468,087.

Our study indicated a 26.7 year SP and a 23.9 year discounted payback for
the radiant panel system with DOAS. ASHRAE research has documented
radiant equipment in service for more than 20 years (ASHRAE 2017).
Therefore, the 23.9 year SP and 26.7 year discounted payback timelines
are plausible.

Efforts were made to improve the condition of both buildings (Table 7-2).
The $3,500.00 spent in labor and materials to improve the air tightness of
Bldg 1540A yielded $87.58 in annual energy savings (electric + gas). The SP
on these sealing efforts is 40.0 years. A total of $48,996 was invested in the
retrocommissioning of Bldg 1540B. Comparison of the 2014/2015 and
2015/2016 fiscal years revealed that the retrocommissioning efforts yielded
similar electrical energy usage to the prior year, but a 37% decrease in gas
usage. This gas energy savings yields a $1,870 annual benefit, with a 26.2
year SP. Accounting for the annual finances associated with envelope leaks
did not materially change the life-cycle cost analysis (Table 7-3).

On a first cost basis, the radiant panel system with DOAS installed was
$73,382 (28%) more expensive than the Conventional Chilled/Hot Water
VAV System ($332,632 and $259,250, respectively). For rudimentary scal-
ing purposes this translates to a $43.66/ft2 for the radiant panel system
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with DOAS and $34.03/ft2 for the Conventional Chilled/Hot Water VAV
System (Table 7-4). Ultimately, the radiant panel system with DOAS pro-
duces a $2,709 present value life-cycle savings over a 25-year period com-
pared with the Conventional Chilled/Hot Water VAV System (Table 7-5
through Table 7-7). Therefore, the cost savings metric (less than 1%) does
not sufficiently distinguish radiant panel system with DOAS from the Con-
ventional Chilled/Hot Water VAV System. However, the performance ben-
efits of the radiant panel system with DOAS compared with the Conven-
tional Chilled/Hot Water VAV System detailed in Chapter, 6 “Performance
Assessment,” provide motivation for adopting the radiant panel system.

Table 7-2. Financial overview of the efforts made to improve the condition of Bldgs 1540A&B.

Payback
Building |Effort Investment |Annual Savings |(Years)
1540A |Improve air tightness of building envelope $3,500 $87.58 40.0
1540B |Retrocommissioning $48,996 $1,870 26.2

Table 7-3. Annual finances associated with envelope leaks in Bldg 1540A.

Annual Heating Cost

Annual Cooling Cost

eliminated)

Location Due to Leaks Due to Leaks Total Cost

Bldg 1540A (05/08/2014) $312.00 $50.15 $362.15

Bldg 1540A (08/13/2015) $224.42 $36.07 $260.49
Heating Savings Cooling Savings Total Savings

Bldg 1540A (resulting from Sealing

Efforts) $87.58 $14.08 $101.66

Bldg 1540A (if window leaks $67.68 $10.88 $78.56

Table 7-4. A comparison of materials and labor first costs between
radiant panel and conventional HVAC systems.

Radiant Panel Conventional HVAC
Parameter System System
Materials $222,632.00 $136,884.00
Labor $110,000.00 $122,366.00
Total $332,632.00 $259,250.00
Total per Square Foot $43.66/ft2 $34.03/ft2
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Table 7-5. Life-cycle cost analysis (Tbl. 1 of 3).
One-Time Costs Total Utility
1st
1st Year LCC Year Undiscounted LCC LCC
PhotoVoltaic
Case | Description $ PV $ $ PV$ PV$
Base |Conventional HVAC | $259,250 | $259,250 |$9,717 $269,000 $184,730
Alt 1 |Radiant Panels $332,632 | $332,632 |$6,971 $191,263 $131,624
Life-Cycle Savings
Alt 1 |Radiant Panels ($73,382) | ($73,382) |$2,746 $77,737 $53,105
Table 7-6. Life-cycle cost analysis (Tbl. 2 of 3).
Maintenance Total Total
Undiscounted
1st Year LCC LCC LCC Net
Case |Description $ PV$ PV$ PV$ Savings
Base |Conventional HVAC $1,540| $26,816| $566,750 $470,796 | n/a
Alt 1 |Radiant Panels $220| $3,831| $529,395 $468,087 | n/a
Life-Cycle Savings
Alt 1 |Radiant Panels $1,320| $22,985 $37,355 $2,709 | $2,709
Table 7-7. Life-cycle cost analysis (Tbl. 3 of 3).
Adjusted
Internal
Simple | Discounted |Investment| Operations| Saving-to- Rate of
Payback| Payback Related Related |Invest. Ratio| Return
Case |Description Years Years PV$ PV $ SIR AIRR*
Base |~ "ol n/a n/a | $259,250| $211,546| n/a n/a
Alt 1 |Radiant Panels n/a n/a $332,632| $135,455 n/a n/a
Life-Cycle Savings
Alt 1 |Radiant Panels 26.7 23.9 $73,382| $76,091 1.0 3.1%
*Adjusted Internal Rate of Return
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8.1

Implementation Issues

Issues

This demonstration project used a typical existing DoD facility to validate
the performance of an integrated system of an improved building enve-
lope, a DOAS, and a radiant heating and cooling system. The project as-
sumed that the facility’s original construction was performed in reasonable
accordance with the original design intent. Therefore, it was imperative
that the building be actually constructed in accordance with the original
design intent and that the existing building be accurately depicted in as-
built construction documents. Locating the original design documents
proved to be a difficult task and we were frustrated to learn that there were
no as-built documents.

The demonstration facility incorporated an air barrier system built with
drywall encompassing the entire interior of the building. Much of this dry-
wall air barrier system was hidden from view by installed HVAC equip-
ment and interior partitions so as to prevent thorough inspection of the
existing drywall air barrier system.

During removal of the existing HVAC equipment we discovered that the
ceiling of the existing drywall air barrier system had been penetrated by
numerous construction trades and never resealed to prevent air infiltra-
tion. In fact, two areas of the existing drywall air barrier in the wall adja-
cent to the mechanical equipment room were never closed where the sup-
ply and return air ductwork passed through the mechanical room enclo-
sure into the occupied spaces. Apparently these two areas were never
sealed during the original construction. These deficiencies were identified
when tests on the existing air barrier system were unable to achieve proper
pressurization.

After performing an initial air barrier test and being unable to pressurize the
building due to excessive envelope penetrations, we sealed numerous ceiling
drywall air barrier penetrations and two other large drywall air barrier pen-
etrations. Upon repeating the air barrier tests, the building once again failed
to achieve proper pressurization. This time, we determined that wall and
ceiling air barriers located in an almost inaccessible location behind a hard
drywall interior ceiling of the locker rooms had never been completed as re-
quired by the original design construction documents. This location (shown



ERDC/CERL TR-17-26 123

8.2

in Figure 3-5) allowed direct uncontrolled infiltration of outdoor air into the
interior of the building. When this area was eventually sealed, air barrier
tests were able to achieve proper pressurization of the building to determine
the baseline air tightness of the original design intent.

Lessons Learned

In planning retrofit projects, one should not assume that existing con-
struction complies with the original design intent.

In future construction projects, after the building envelope construc-
tion has been completed, air barrier tests should be performed to
demonstrate that the building has been properly sealed before in-
stalling interior finishes.

During initial HVAC system testing, we found that the existing control
system was undocumented, hindering our ability to perform in situ tests
of the existing HVAC system. To overcome this handicap, we located and
used the original HVAC controls subcontractor to determine the control
points and proper operation of the HVAC controls system. When the
HVAC system tests were performed, we determined that various system
components were not operating properly and that they required addi-
tional DPW maintenance to get the existing HVAC system operating in
accordance with the design intent. As this research effort was originally
proposed for execution at a different Army installation, the project was
not planned in advance with Fort Detrick’s DPW. Therefore, mainte-
nance personnel and system’s components were not programmed or co-
ordinated in advance. Additional unanticipated coordination with the
DPW and the installation was required to accommodate this request be-
fore implementation of the Energy Monitoring System.

For retrofit projects, one should not assume that the existing HVAC
system complies with the original design intent.

Our original design concept for the Energy Monitoring System assumed
that a new base-wide utility monitoring and control system (UMCS) be-
ing installed by Fort Detrick would be available for our use to remotely
monitor data points for this HVAC demonstration project. However, we
learned that current network security requirements disallowed our ac-
cess to Army data, including building operational data. As a result, an
unplanned standalone Energy Monitoring System had to be designed
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and implemented within the confines of our project budget and sched-
ule. Our Energy Monitoring System allowed us to remotely access sys-
tem operational data, but gave us no ability to remotely control or adjust
our systems. This problem was further exacerbated by the fact that even
Fort Detrick’s DPW had no ability to make system adjustments on our
behalf. Any control system changes or adjustments had to be separately
procured through Fort Detrick’s control system contractor. These net-
work security restrictions cost our project a lot of time and money that
could have been used more productively elsewhere. They also severely
limited our ability to adjust system parameters, setpoints and schedules
in an effort to optimize system performance.

e Network security policies will probably require installation of
standalone data acquisition systems to remotely obtain operational
data on future demonstration projects. Also, it will probably be impos-
sible to remotely adjust or control demonstrated systems.

During the design of the demonstration HVAC system, interior occu-
pant loads were based on existing program requirements and the exist-
ing number of occupants in the space. For example, the student count
in the IA training room (C018B) was initially determined to be 10 stu-
dents in the classroom. However, during design and/or construction,
the classroom program was doubled to accommodate 20 students. This
necessitated redesign and renovation of the classroom HVAC radiant
panels including installation of additional radiant cooling panels to ac-
commodate the cooling load of 20 additional students and their corre-
sponding computer equipment.

e Unanticipated programming requirements may change occupancy
loads during an ongoing project.

e As with any other HVAC system, the ability of a radiant heating and
cooling system to accommodate unanticipated additional loads is lim-
ited to the excess capacity designed into the system. Consider provid-
ing oversized supply and return piping from zones which might be sub-
ject to increased loads.

When conducting demonstration projects involving buildings, the
number of building occupants and their day-to-day activities can sig-
nificantly affect results. This was problematic for this project because
we had no means of tracking the number of people using the buildings
on a daily basis or of knowing what kind of activities were occurring.
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We had excellent support from the Unit’s maintenance officer, but he
was already seriously overworked so we tried to limit asking for his as-
sistance to only the most essential matters.

¢ Onsite support by a person who has the time, flexibility, and technical
knowledge to make observations, report findings, coordinate with local per-
sonnel, and make minor adjustments or corrections can be very valuable.

We had great difficulty accessing background energy consumption data
because Fort Detrick facilities were not metered on a building-by-build-
ing basis. Currently Fort Detrick is executing a separate program to in-
stall a new base-wide networked UMCS system to monitor and collect
facility data, including Bldg 1540. Unfortunately, the lack of available en-
ergy performance data for Bldg 1540 forced us to make very rudimentary
assumptions of Bldg 1540’s energy performance before this project. Alt-
hough we were able to get monthly utilities data from Fort Detrick, the
data had unexplained gaps, which reduced the value of the datasets.

e Quality historic energy data may not be available for baseline comparisons.

The energy consumption of the radiant heating and cooling system is
greatly affected by the amount of ventilation air required to offset ex-
haust air and positively pressurize the facility. Currently there is no ac-
cepted industry method to precisely calculate this requirement. The vol-
ume of outside air required above building exhaust quantities is based
on the experience and judgment of the designer. In actual use, we rec-
ommend adjustment of outside air volumes to that required to satisfy
the actual ventilation and pressurization requirements of the building.

e Qutside air flow should be adjusted to that required to satisfy the actual
ventilation and pressurization requirements of the building.

This project used the existing gas utility meters installed at each half of
the building to measure gas consumption. An onsite USACE employee
emailed us a photograph of each meter’s display at the start of each
month. Since we had no ability to make remote adjustments of system
parameters, schedules, or set points, this may have been adequate for
our needs. However, if we had had an ability to remotely control the
system, it would have been helpful to be able to measure and record
gas usage in near real time.

e When attempting to optimize system performance, near real time data
is essential.
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In addition to estimating the outside air requirement, it is necessary to
specify the dehumidification coil’s leaving air temperature in the DOAS
system to satisfy the anticipated humidity load of the building. This is
usually based on the experience and judgment of the designer. In this
project, we had planned to adjust the dehumidification coil leaving air
temperature to determine the actual leaving air temperature required
to satisfy the actual humidity load of the building. Unfortunately, since
our Energy Monitoring System was prohibited from having any control
capabilities, we were unable to adjust this parameter. We recommend
adjusting the dehumidification coil’s leaving air temperature to satisfy
the actual humidity load of the building. This capability could save con-
siderable energy.

e The DOAS dehumidification coil’s leaving air temperature should be
adjusted to satisfy the actual humidity load of the building.

All the equipment and design expertise required to implement the use
of these technologies is already in place from an industry perspective.
Current design requirements are well acknowledged by HVAC design-
ers. Commerecial installation by HVAC installers is straightforward alt-
hough not typically specified by HVAC designers.

No potential regulations or special permits are required to use these tech-
nologies. The required equipment is standard commercial off-the-shelf
(COTS) and does not require customization or custom build procedures.

End-users have been reluctant to use radiant heating and cooling since
it represents a paradigm shift in their normal application of HVAC
technology. A common concern is that this technology cannot ade-
quately cool or dehumidify to satisfy occupant comfort. This project
demonstrated that radiant systems are capable of satisfying occupants’
space heating and cooling requirements.

Another common concern is that a radiant cooling system will experi-
ence condensation on the cool surface of the radiant panels. By
properly dehumidifying ventilation air through the DOAS system, by
having a tight building envelope, and by maintaining the surface tem-
peratures of the radiant panels above the DPT of the air within the
space, we demonstrated that it is possible to implement radiant cooling
without risk of condensation problems within the facility.

Typical decision-making factors include “known” technology and avoid-
ing risky (“unknown”) technologies. However, common “known” HVAC
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technologies are high risk with respect to maintenance costs. In an era of
decreasing maintenance budgets and reduced maintenance staffing, ra-
diant heating and cooling systems, which are relatively maintenance
free, thus require reduce maintenance costs and personnel.

8.3 Other possible Lessons Learned to consider

Above-ceiling access could be a future problem with grid-mounted ra-
diant panel systems; however, this issue can be overcome with addi-
tional coordination of fire, electrical, and mechanical services located
within the ceiling to consolidate as best as possible.

For retrofit applications, it is best to plan to replace the entire existing
ceiling grid system. Attempting to work around existing fire sprinklers
and light fixture locations proved to be very difficult. In some cases,
“cloud” radiant panels might be a good option (vs. grid-mounted radi-
ant panels) as they would give the designer and installers some flexibil-
ity in mounting the cloud radiant panels. This might also facilitate fu-
ture above-ceiling access.

An accurate estimate of the number of individuals who typically occupy a
given space is crucial for proper load calculations of the radiant system.
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Appendix A: Points of Contact

Point of Contact

Organization

Phone & E-mail

Role in Project

James P. Miller

U.S. Army ERDC-CERL

217-373-4566
James.P.Miller@usace.army.mil

Project Manager,
Contracting Officer’s
Representative

Patrick Tanner

The PERTAN Group

217-351-4330, x201
patrick.tanner@pertan.com

Principal

Anthony Latino

The PERTAN Group

217-356-1348
anthony.latino@pertan.com

Project Manager

carl.b.pritchard.civ@mail. mil

Raymond The PERTAN Group 727-369-0881 Technical Lead

Patenaude ray@TheHolmesAgency.com

Ross The PERTAN Group 941-729-4496 Commissioning

Montgomery rossmont@aol.com Provider

Christopher The PERTAN Group chrismartinez@tampabay.rr.com Energy Consultant

Martinez

Gary Stenlund, Engineering Professionals, |813-251-6848 Design Engineer of

P.E. Inc. stenlund@engrpros.com Record

Paul Smeck Fort Detrick, 21st Signal 301-619-6189 Bldg 1540 User’s
Brigade Paul.D.Smeck.civ@mail.mil Representative

Chris Nygard Fort Detrick DPW, Energy |301-619-0506 Installation Energy
Manager christian.p.nygard.civ@mail.mil Manager

Carl B. Pritchard |Fort Detrick DPW, Director |301-619-2454 DPW

Glenn Murphey

USACE Baltimore District

Glenn.N.Murphey@usace.army.mil

Construction Inspector

Katie Brown

USACE Baltimore District

Katharine.L.Brown@usace.army.mil

Commissioning
Specialist

Sarah Medepalli

ESTCP

703-610-2158
sarah.medepalli@noblis.org

Technical Monitor
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Appendix B: Equipment Schedules

Table B-1. Bldg 1540A mechanical equipment schedule.

ltem # Description Brand Model Location Circuit #
CAHO06GDG 5
AHU-1 Air Handling Unit Daikin C COO8-MER
B-1 Boiler (existing) HydroTherm KN-4 CO08-MER 12
CH-1 Chiller Carrier 30RAP0O20 Mech Courtyard 1
CUH-1 Cabinet Unit Heater EXISTING CO01-Vestibule 14
CUH-2 Cabinet Unit Heater EXISTING C022-W. Vestibule 14
CUH-3 Cabinet Unit Heater EXISTING C023-M. Vestibule 14
CUH-5 Cabinet Unit Heater EXISTING CO25-W. Latrine 14
CUH-6 Cabinet Unit Heater EXISTING C024-M. Latrine 14
CUH-7 Cabinet Unit Heater EXISTING C024-M. Latrine 16
CUH-8 Cabinet Unit Heater EXISTING C0O14-Corridor 18
DH-1 9
Mechanical Room Exhaust 7
EF-1 Fan EXISTING COO8-MER
EF-2 Electrical Room Exhaust Fan | EXISTING CO09-Elect Room 7
EF-3 AHU/Latrine Exhaust Fan Cook 135SQN-hp COO8-MER
Fan Coil Unit; only supplies 5
FCU-1 heating EXISTING C028-Loading Area
Advantage 23
Glycol Sys Glycol System Controls GF COO8-MER
HX-1 Energy Recovery Wheel Daikin ECW 364-3A | COO8-MER AHU 15
Electrical Sub-Distribution 1
LP-1 Panel EXISTING CO09-Elect Room
INDOOR-
Mini-Split System for
MS-1 Comm/Information Daikin FIXS12LVIU | Mech 24 & 26
Technology (IT) Closet OUTDOOR- Courtyard/C013
RXS12LVJU
B&G SERIES
801-1/2 X 4
1-1/2 X 9-
P-1 Pump Bell & Gossett | 1/2 COO8-MER
P-2 Pump EXISTING COO08-MER 17
P-3 Pump - located within Chiller | Carrier Mech Courtyard 1
B&G SERIES
801-1/2 X 3
P-4 Pump Bell & Gossett | 1-1/2 X 7B COO8-MER
UH-1 Unit Heater Existing CO08-MER 16
UH-2 Unit Heater Existing CO09-Elect Room 16
UH-4 Unit Heater Existing C029-Arms Vault 16
UH-5 Unit Heater Existing C028-Loading Area 18
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ltem # Description Brand Model Location Circuit #
UH-6 Unit Heater Existing C028-Loading Area 18
UH-7 Unit Heater Existing C0O27-Gen. Storage 18
UH-8 Unit Heater Existing C0O27-Gen. Storage 18
UH-9 Unit Heater Existing C0O27-Gen. Storage 18
UH-10 Unit Heater Existing C026-Gen. Storage 18
VAV ALL REMOVED

Table B-2. Air handler unit schedule.

Air Handling Unit Schedule

Mark AHU AHU-1
Supply Air CFM 1625
Outside Air CFM 1625
Static Pressure In. H20 EXT./TOTAL 1.0/2.7
Max. Fan Speed RPM 3300
Motor Horsepower (hp) 2.0

Fan Wheel Type - Plenum
Filter — MERVS8
Electrical V/@/Hz 208V/30@
Location — Mech. Room
Manufacturer - DAIKIN
Model — CAHOO6GDGC
Area Served - Offices
Cooling Coil

Total Capacity BTUH 114,750
Sensible Capacity BTUH 63,000
Cooling Coil Rows/Fins 11 FPI
Cooling Coil Max. Face Vel. feet/minute (FPM) | 286
Cooling Coil Max. Press. Drop IN. H20 0.45
Entering Air Temp. (Db/Wb) °F/°F 83.2/70.8
Leaving Air Temp. (Db/Wb) °F/°F 47.7/47.5
Chilled Water Flow GPM 33.2
Chilled Water Temp. (Entering/Leaving) °F/°F 42/49
Max. Water Press. Drop FT. H20 8.2
Heating

Total Capacity BTUH 57,275
Heating Coil ROWS/FINS 2/13 FPI
Heating Coil Max. Face Vel. FPM 433
Heating Coil Max. Press. Drop IN. H20 0.29
Entering Air Temp. °F 48
Leaving Air Temp. °F 80
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Air Handling Unit Schedule

Hot Water Flow GPM 11.4

Hot Water Temp. (Entering/Leaving) °F/°F 105/94.9
Max. Water Press. Drop FT. H20 1.3

Notes - 1,2,3

20% Prop. Glycol

Disconnect Switch By Div. 16. Factory Variable Speed Drive (VSD) for Fan and HX.

OA Motor Operated Low Leakage Damper and Actuator, Spring Return, and Interlock to EF-3

Operation Mounted in Outside Air Intake Duct in Attic.

Table B-3. Air-cooled scroll chiller schedule.

Air-Cooled Scroll Chiller Schedule

Mark — CH-1
Capacity TONS 16.0
Chiller Ambient — 95

Water Flow GPM 50.6

Max. Water Press. Drop FT. H20 24

Water temp. entering/leaving °F/°F 50.6/42.0
KW/Cond. Fans #/KW 2/2.89
Unit Total Energy Efficiency Rating

(EER) - 9.9
Refrigerant — R-410A
Compressors Power KW 19.2

Total Power Input KW/FLA 31.5/140
Electrical V/@/Hz 208/3@/60Hz
Integrated Part Load Value (IPLV) KW/TON 14.38
Weight LBS. 1296
Location — Pad Mount
Integral Pump Min TDHD FT. H20 65

# Pumps/hp Each - (1)3 hp
Pump RPM — 1750
Manufacturer — CARRIER
Model — 30RAP020
Notes:

1. Provide single point power connection & unit mounted disconnect. 20% Prop. Glycol

2. Provide factory integral chilled water pump and min. 75 gallon water storage
3. Accessories and Installed Options:

e Cooler Heater

e Non-Fused Disconnect
e Micro Channel, E-Coat
e Ultra Low Sound

e Single Pump, 3 hp

e Digital Compressor

e Low Ambient Head Pressure Control

e BACnet Communications

e Single Point

e Chilled Water Storage Tank
e Wind Baffle
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Table B-4. Enthalpy heat exchanger schedule.

Enthalpy Heat Exchanger Schedule

HX-1 (SUMMER OPERATION) Outside Air Wheel Supply Air

Airflow SCFM* 1651 CFM 0.8 1625 CFM

Temperature °Fdb/wb | 92/77 IN.W.C. 83.2/70.8

Humidity Ratio GR/LB 116 523 92

Static Pressure IN.W.C. -0.25 FPM 1.05

Heat Recovered BTUH — — 43,900
Exhaust Air Wheel Building Air

Airflow SCFM 1126 CFM 0.5 1100 CFM

Temperature °Fdb/wb | 90.0/75.7 IN.W.C. 77/65

Humidity Ratio GR/LB 115 — 79

Static Pressure IN.W.C. 1.0 1/2 hp -0.5

Notes — DAIKIN 1. MOD. ECW 364-3A

1. Complete with variable speed drive, 120V/1QJ. BUILT INTO AHU-1

*standard cubic feet per minute

Table B-5. Preheat coil schedule.

Preheat Coil Schedule

COIL # CFM BTUH SIZE WATER GPM (180°-160°) | # REQUIRED
1 1625 | 71,700 24X15 7.4 1
Table B-6. Fan schedule.

Fan Schedule
Tag — (E)EF-1 (E)EF-2 (N)EF-3
Service — Mech. Elect. Latrines
Air Quantity CFM 1270 160 1,100
Ext. Static Press. | IN. H20 1/4 1/4 1.2
Fan Type - Prv Prv In-Line
Drive - Existing Existing Belt
Sones - Existing Existing 15.0
Motor H.P./WATTS 1/2 1/12 1/2
Fan Speed RPM Existing Existing 1639
Power V/10 115V/10 115V/10 115V/10
Control - T-Stat T-Stat W/AHU-1
Location - Roof Roof Mech.
Manufacturer - Existing Existing Cook
Model - Existing Existing 135SQN-hp
Notes 1 1 2
1. Existing Fan To Remain.
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Fan Schedule

2. Complete with Disconnect Switch, Vibration Isolators, Motor Operated Low Leakage Damper
and Actuator, Spring Return, and Interlock to AHU-1 Operation.

Table B-7. Hood schedule.

Hood Schedule
Qty Mark Throat Hood Height CFM | Throat Press. Accessories
Size Size Velocity Drop
LxW LxW H
OA Int.
1 Hood 42x12 78x36 14 1625 | 464 0.02 3
Table B-8. Minimum code required outside air ventilation rates.
Minimum Code Required Outside Air Ventilation Rates (per ASHRAE Standard 62.1-2010)
Area Served | Occup.| Default | Net Area Code # People People Code | Code Req'd Zone Air Total Oa
Cat. | Occupant | Area | Outdoor | Req'd Pz Outdoor Air |Req’d Oa OA Distrib. Req'd by
Density | Az | AirRate | Based Rate Based Total Effec. Code
Ra On Floor Rp On VBz Ez Voz
Area People | AzRa+PzRp
P/1000 | SF |CFM/SF| CFM Person(s) | CFM/person CFM CFM CFM
SF
Office Office | Count 1470 | 0.06 88 20 5 100 188 / 108 235
Conf/ Conf | Count 1256 | 0.06 75 22 5 110 185 / 108 231
Training
Total Req'd 466
Total Provided 1625
Table B-9. Pump schedule.
Pump Schedule
Total
Flow Head Power Elect.
Symbol Type Service Location (gpm) (ft) Rpm (hp) (V/@/Hz) Model
P-1 In-Line Hot Water | CO08 45 60 1750 | 3 hp 208/3/60 | B&G Series 80
1-1/2 X 1-1/2X9-1/2
P-2 In-Line Boiler C008 15 10 1750 | 1/4 hp 115/1/60 | Existing
Loop
P-3 In-Ch-1 Ch Water Chiller 50.6 65 1750 | 3 hp 208/3/60 | In Chiller
P-4 In-Line Ch Water C008 15.1 46 1750 | 3/4 hp 208/3/60 | B&G Series 80
1-1/2 X 1-1/2 X 7B
Table B-10. Expansion tank schedule.
Expansion Tank Schedule
Total Volume Accept. Vol.
Tag Location (gal) (gal) Type Remark
ET-1 C008 10 5 Diaphragm Horizontal Mounted
ET-2 C008 10 5 Diaphragm Horizontal Mounted
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Table B-11. Boiler schedule (existing).

Existing Boiler Schedule

Mark — B-1

Service — Heating

Type — Cast Iron

Burner Data

Type - Forced

Fuel — Nat. Gas

Output MBTUH 369

Input MBTUH 399

Fuel Consumption CFH 399

Boiler Data

Working Pressure PSIG 60

Test Pressure PSIG 100

Minimum Heating Surface SQ.FT. Existing

Minimum Efficiency % 90%

Electrical Data

Power (V/9/Hz) 150V/10

Model Hydrotherm KN-4

Notes To Remain

Combustion air required: 399,000 BTUH gas input divided BY 1 SQ.IN/3,000 BTUH

equals 133 sq.in. opening. 864 sq.in. opening provided.

*pound-force per square inch gauge

Table B-12. Fan coil unit schedule (existing).
Existing Fan Coil Unit Schedule
Nominal Airflow Heating Fan Motor
Rating Minimum EWT Water Flow Power Elect.
Tag (CFM) (BTUH) (°F) (GPM) (hp) (V/9/Hz)
FCU-1 530 34,490 180 3.4 1/4 115/1/60
Table B-13. Cabinet unit heater schedule (existing).
Existing Cabinet Unit Heater Schedule
Water Fan Motor
Capacity EAT EWT LWT Flow Elect.

Symbol (BTUH) (°F) (°F) (°F) (GPM) hp (V/@/Hz) Type Location
CUH-1 6140 55° 180° | 160° | 0.63 1/12 | 115/1/60 | C.C. MOUNT C001
CUH-2 6140 68° 180° | 160° | 0.63 1/12 | 115/1/60 | R.C. MOUNT C022
CUH-3 11270 68° 180° | 160° | 1.6 1/12 | 115/1/60 | R.C. MOUNT C023
CUH-5 850 68° 180° | 160° | 0.1 1/12 | 115/1/60 | R.C. MOUNT W. TOILET
CUH-6 850 68° 180° | 160° | 0.1 1/12 | 115/1/60 | R.C. MOUNT M. TOILET
CUH-7 850 68° 180° | 160° | 0.1 1/12 | 115/1/60 | R.C. MOUNT M. TOILET
CUH-8 11270 68° 180° | 160° | 1.6 1/12 | 115/1/60 | C.C. MOUNT C014
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Table B-14. Unit heater schedule (existing).

Existing Unit Heater Schedule
Water Fan Motor

Capacity EAT EWT LWT Flow Elect.
Symbol (BTUH) (°F) | (°F) (°F) (GPM) hp (V/9/Hz) Type Location
UH-1 27320 55° 180° | 160° | 3.5 1/20 | 115/1/60 | VERTICAL €008
UH-2 3445 55° | 480° | 460> | 68 1/25 | $45/4/60 | HORIZONTAL [eeretel
UH-3 3445 552 | 480° | 460> | 68 1/25 | 115/1/60 | HORIZONTAL 031
(REMOVED)
UH-4 3415 55° 180° | 160° | 0.8 1/25 | 115/1/60 | HORIZONTAL C029
UH-5 3415 55° 180° | 160° | 0.8 1/25 | 115/1/60 | HORIZONTAL €028
UH-6 10245 55° 180° | 160° | 1.0 1/20 | 115/1/60 | HORIZONTAL C028
UH-7 6830 55° 180° | 160° | 0.95 1/20 | 115/1/60 | HORIZONTAL C027
UH-8 3415 55° 180° | 160° | 0.8 1/25 | 115/1/60 | HORIZONTAL Cc0o27
UH-9 3415 55° 180° | 160° | 0.8 1/25 | 115/1/60 | HORIZONTAL C027
UH-10 3415 55° 180° | 160° | 0.8 1/25 | 115/1/60 | HORIZONTAL C026

Table B-15. Radiant panel cooling schedule.

Manufacturer: TWA
Nominal
Coil Output Width Min Flow Rate
Panel Type Description Passes (BTUH)/ft) TWA Panel Code (in.) (GPM) 0.8
RP-1 Cloud 8 96 SHSASASASASASASASASH 48 AT (°F) 5.0
RP-1 Cloud Cloud 4 48 SHSPSPSPSPSH 24 Mean Fluid Temp 63.5
(°F)
RP-2/D Linear 4 48 MOD 24 Room Temp (°F) 75
RP-2/S Linear 4 48 MOD 24
RP-4/D Linear 4 48 MOD 24
RP-4/S Linear 4 48 MOD 24
RP-5/D Linear 4 48 SHSASASASASH 24
RP-5/S Linear 4 48 SHSASASASASH 24
Press.
Wall-Wall Actual Panel Flow Drop
Length | Active Length Output # of Coll #of Install Rate (ft Of
Room # Panel Type | Panel Tag (in) (ft) (BTU) Passes | Circuits Type (gpm) Head)
C002 RP-2/D Al 24 2.00 96 4 1 T-BAR 0.46 0.44
RP-2/D A3 24 2.00 96 4
RP-2/D B1 24 2.00 96 4
RP-4/S B2 48 4.00 192 4
RP-2/D B3 24 2.00 96 4
RP-2/D (0% 24 2.00 96 4
RP-4/S c2 48 4.00 192 4
RP-2/D C3 24 2.00 96 4
RP-2/D D1 24 2.00 96 4
RP-2/D D3 24 2.00 96 4
C003 RP-4/D A2 48 4.00 192 4 1 T-BAR 0.61 0.94
RP-2/S B1 24 2.00 96 4
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Press.
Wall-Wall Actual Panel Flow Drop
Length | Active Length Output # of Coil # of Install Rate (ft Of
Room # Panel Type | Panel Tag (in) (ft) (BTU) Passes | Circuits Type (gpm) Head)
RP-2/D B3 24 2.00 96 4
RP-2/D C1 24 2.00 96 4
RP-4/S c2 48 4.00 192 4
RP-2/D Cc3 24 2.00 96 4
RP-2/D D1 24 2.00 96 4
RP-4/S D2 48 4.00 192 4
RP-2/D D3 24 2.00 96 4
RP-2/S E1 24 2.00 96 4
RP-2/D E3 24 2.00 96 4
RP-4/D F2 48 4.00 192 4
C004 RP-2/D Al 24 2.00 96 4 1 T-BAR 0.46 0.44
RP-2/S A2 24 2.00 96 4
RP-2/S A3 24 2.00 96 4
RP-2/D A4 24 2.00 96 4
RP-4/D B2 48 4.00 192 4
RP-4/D B3 48 4.00 192 4
RP-2/D C1 24 2.00 96 4
RP-2/S Cc2 24 2.00 96 4
RP-2/S Cc3 24 2.00 96 4
RP-2/D c4 24 2.00 96 4
C005 RP-2/D Al 24 2.00 96 4 1 T-BAR 0.84 221
RP-2/S A2 24 2.00 96 4
RP-2/D A3 24 2.00 96 4
RP-2/S A4 24 2.00 96 4
RP-2/D A5 24 2.00 96 4
RP-2/S A6 24 2.00 96 4
RP-2/D A7 24 2.00 96 4
RP-4/S B1 48 4.00 192 4
RP-4/S B3 48 4.00 192 4
RP-4/S B5 48 4.00 192 4
RP-4/D B7 48 4.00 192 4
RP-2/D (0% 24 2.00 96 4
RP-2/S Cc2 24 2.00 96 4
RP-2/D C3 24 2.00 96 4
RP-2/S c4 24 2.00 96 4
RP-2/D C5 24 2.00 96 4
RP-2/S Cc6 24 2.00 96 4
RP-2/D Cc7 24 2.00 96 4
C006 RP-4/D Al 48 4.00 192 4 1 T-BAR 0.77 1.71
RP-4/S A3 48 4.00 192 4
RP-4/S A4 48 4.00 192 4
RP-4/D A6 48 4.00 192 4
RP-4/S B1 48 4.00 192 4
RP-4/S B2 48 4.00 192 4
RP-4/S B3 48 4.00 192 4
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Press.
Wall-Wall Actual Panel Flow Drop
Length | Active Length Output # of Coil # of Install Rate (ft Of
Room # Panel Type | Panel Tag (in) (ft) (BTU) Passes | Circuits Type (gpm) Head)
RP-4/S B4 48 4.00 192 4
RP-4/S B5 48 4.00 192 4
RP-4/S B6 48 4.00 192 4
RP-4/S (0% 48 4.00 192 4 1 T-BAR 0.77 1.71
RP-4/S Cc2 48 4.00 192 4
RP-4/S C3 48 4.00 192 4
RP-4/S c4 48 4.00 192 4
RP-4/S C5 48 4.00 192 4
RP-4/S Cc6 48 4.00 192 4
RP-4/D D1 48 4.00 192 4
RP-4/S D3 48 4.00 192 4
RP-4/S D4 48 4.00 192 4
RP-4/D D6 48 4.00 192 4
Co014 RP-4/D A 48 4.00 192 4 1 T-BAR 1.15 5.09
RP-4/S B 48 4.00 192 4
RP-4/D C 48 4.00 192 4
RP-4/S D 48 4.00 192 4
RP-4/D E 48 4.00 192 4
RP-4/S F 48 4.00 192 4
RP-4/D G 48 4.00 192 4
RP-4/S H 48 4.00 192 4
RP-4/D | 48 4.00 192 4
C015 RP-4/D A 48 4.00 192 4
RP-4/S B 48 4.00 192 4
RP-4/D C 48 4.00 192 4
RP-4/S D 48 4.00 192 4
RP-4/D E 48 4.00 192 4
RP-4/S F 48 4.00 192 4
C018 RP-4/D A2 48 4.00 192 4 1 T-BAR 0.81 1.95
RP-2/D B1 24 2.00 96 4
RP-2/D (0% 24 2.00 96 4
RP-4/S c2 48 4.00 192 4
RP-2/S D1 24 2.00 96 4
RP-4/S D2 48 4.00 192 4
RP-2/S E1 24 2.00 96 4
RP-4/D E2 48 4.00 192 4
RP-2/S F1 24 2.00 96 4
RP-4/S F2 48 4.00 192 4
RP-2/S G1 24 2.00 96 4
RP-4/S G2 48 4.00 192 4
RP-2/D H1 24 2.00 96 4
RP-4/D 12 48 4.00 192 4
RP-2/D A3 24 2.00 96 4 1 T-BAR 1.15 5.09
RP-4/D A4 48 4.00 192 4
RP-2/D B3 24 2.00 96 4
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Press.
Wall-Wall Actual Panel Flow Drop
Length | Active Length Output # of Coil # of Install Rate (ft Of
Room # Panel Type | Panel Tag (in) (ft) (BTU) Passes | Circuits Type (gpm) Head)
RP-2/D B5 24 2.00 96 4
RP-2/S C3 24 2.00 96 4
RP-4/S c4 48 4.00 192 4
RP-2/D C5 24 2.00 96 4
RP-2/S D3 24 2.00 96 4
RP-4/S D4 48 4.00 192 4
RP-2/S D5 24 2.00 96 4
RP-2/S E3 24 2.00 96 4
RP-4/D E4 48 4.00 192 4
RP-2/S E5 24 2.00 96 4
RP-2/S F3 24 2.00 96 4
RP-4/S F4 48 4.00 192 4
RP-2/S F5 24 2.00 96 4
RP-2/S G3 24 2.00 96 4
RP-4/S G4 48 4.00 192 4
RP-2/S G5 24 2.00 96 4
RP-2/S H3 24 2.00 96 4
RP-2/D H5 24 2.00 96 4
RP-2/S 13 24 2.00 96 4
RP-4/D 14 48 4.00 192 4
CO18A RP-5/D A 72 6.00 288 4 1 T-BAR 0.58 0.79
RP-5/S B 72 6.00 288 4
RP-5/D C 72 6.00 288 4
RP-5/S D 72 6.00 288 4
RP-5/D E 72 6.00 288 4
C018B RP-1 A 96 8.00 768 8 1 CLOUD 1.23 6.06
RP-1 B 96 8.00 768 8
RP-1 C 96 8.00 768 8
RP-1 D 96 8.00 768 8
RP-1 CLOUD C1 48 4.00 192 4 1 CLOUD 0.84 3.44
RP-1 CLOUD Al 48 4.00 192 4
RP-1 CLOUD A2 48 4.00 192 4
RP-1 CLOUD A3 48 4.00 192 4
RP-1 CLOUD A4 48 4.00 192 4
RP-1 CLOUD A5 48 4.00 192 4
RP-1 CLOUD A6 48 4.00 192 4
RP-1 CLOUD Cc6 48 4.00 192 4
RP-1 CLOUD c4 48 4.00 192 4
RP-1 CLOUD Cc3 48 4.00 192 4
RP-1 CLOUD c2 48 4.00 192 4
Cco19 RP-2/D Al 24 2.00 96 4 1 T-BAR 0.69 1.29
RP-2/D A2 24 2.00 96 4
RP-2/D A3 24 2.00 96 4
RP-2/D A4 24 2.00 96 4
RP-2/D A5 24 2.00 96 4




ERDC/CERL TR-17-26

139

Press.
Wall-Wall Actual Panel Flow Drop
Length | Active Length Output # of Coil # of Install Rate (ft Of
Room # Panel Type | Panel Tag (in) (ft) (BTU) Passes | Circuits Type (gpm) Head)
RP-2/D A6 24 2.00 96 4
RP-4/S B1 48 4.00 192 4
RP-4/S B3 48 4.00 192 4
RP-4/S B6 48 4.00 192 4
RP-2/D C1 24 2.00 96 4
RP-2/D Cc2 24 2.00 96 4
RP-2/D Cc3 24 2.00 96 4
RP-2/D c4 24 2.00 96 4
RP-2/D C5 24 2.00 96 4
RP-2/D Cc6 24 2.00 96 4
C020 RP-2/S Al 24 2.00 96 4 1 T-BAR 0.65 1.10
RP-4/D A2 48 4.00 192 4
RP-2/S B1 24 2.00 96 4
RP-2/S C1 24 2.00 96 4
RP-4/S c2 48 4.00 192 4
RP-2/S D1 24 2.00 96 4
RP-4/S D2 48 4.00 192 4
RP-2/S E1 24 2.00 96 4
RP-4/S E2 48 4.00 192 4
RP-2/S F1 24 2.00 96 4
RP-2/S G1 24 2.00 96 4
RP-4/D G2 48 4.00 192 4
Cco021 RP-4/D A 48 4.00 192 4 1 T-BAR 0.38 0.17
RP-4/S B 48 4.00 192 4
RP-4/S C 48 4.00 192 4
RP-4/S D 48 4.00 192 4
RP-4/D E 48 4.00 192 4
CO021A RP-4/D Al 48 4.00 192 4 1 T-BAR 0.65 1.10
RP-2/D A2 24 2.00 96 4
RP-2/D B2 24 2.00 96 4
RP-4/S (0% 48 4.00 192 4
RP-2/D c2 24 2.00 96 4
RP-4/S D1 48 4.00 192 4
RP-2/D D2 24 2.00 96 4
RP-4/S E1 48 4.00 192 4
RP-2/D E2 24 2.00 96 4
RP-2/D F2 24 2.00 96 4
RP-4/D G1 48 4.00 192 4
RP-2/D G2 24 2.00 96 4
C021B RP-2/D Al 24 2.00 96 4 1 T-BAR 0.69 1.29
RP-2/D A2 24 2.00 96 4
RP-2/D A3 24 2.00 96 4
RP-2/D A4 24 2.00 96 4
RP-2/D A5 24 2.00 96 4
RP-2/D A6 24 2.00 96 4
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Press.
Wall-Wall Actual Panel Flow Drop
Length | Active Length Output # of Coil # of Install Rate (ft Of
Room # Panel Type | Panel Tag (in) (ft) (BTU) Passes | Circuits Type (gpm) Head)
RP-4/S B1 48 4.00 192 4
RP-4/S B3 48 4.00 192 4
RP-4/D B6 48 4.00 192 4
RP-2/D (0% 24 2.00 96 4
RP-2/D Cc2 24 2.00 96 4
RP-2/D C3 24 2.00 96 4
RP-2/D c4 24 2.00 96 4
RP-2/D C5 24 2.00 96 4
RP-2/D Cc6 24 2.00 96 4
C031 RP-5/S A 144 12.00 576 4 1 T-BAR 0.92 2.79
RP-5/S B 144 12.00 576 4
RP-5/S C 144 12.00 576 4
RP-5/D D 144 12.00 576 4
RP-5/S E 144 12.00 576 4 1 T-BAR 0.69 1.29
RP-5/D F 144 12.00 576 4
RP-5/D G 144 12.00 576 4
Table B-16. Radiant panel heating schedule.
Manufacturer: TWA
Nominal
Panel Output Width
Type Description | Coil Passes| (BTUH/ft) TWA Panel Code (in.) Min Flow Rate (gpm) 0.44
RP-1 Linear 8 363 SHSASASASASASASASASH 48 AT (°F) 20.0
RP-2/D Linear 4 200 MOD 24 Mean Fluid Temp (°F) 130.0
RP-4/D Linear 4 200 MOD 24 Room Temp (°F) 70.0
RP-5/D Linear 4 214 SHSASASASASH 24
Press.
Wall-Wall Active Actual Flow Drop
Length Length Output # of Coil #Of Panel Rate (ft of
Room # | Panel Type | Panel Tag (in.) (ft) (BTU) Passes Circuits Install Type | (gpm) Head)
C002 RP-2/D Al 24 2.00 400 4 1 T-BAR 0.32 0.12
RP-2/D A3 24 2.00 400 4
RP-2/D B1 24 2.00 400 4
RP-2/D B3 24 2.00 400 4
RP-2/D c1 24 2.00 400 4
RP-2/D Cc3 24 2.00 400 4
RP-2/D D1 24 2.00 400 4
RP-2/D D3 24 2.00 400 4
C003 RP-4/D A2 48 4.00 800 4 1 T-BAR 0.40 0.22
RP-2/D B3 24 2.00 400 4
RP-2/D Cc1 24 2.00 400 4
RP-2/D Cc3 24 2.00 400 4
RP-2/D D1 24 2.00 400 4
RP-2/D D3 24 2.00 400 4
RP-2/D E3 24 2.00 400 4
RP-4/D F2 48 4.00 800 4
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Press.
Wall-Wall Active Actual Flow Drop
Length Length Output # of Coil #0f Panel Rate (ft of
Room # | Panel Type | Panel Tag (in.) (ft) (BTU) Passes Circuits Install Type | (gpm) Head)
C004 RP-2/D Al 24 2.00 400 4 1 T-BAR 0.32 0.12
RP-2/D A4 24 2.00 400 4
RP-4/D B2 48 4.00 800 4
RP-4/D B3 48 4.00 800 4
RP-2/D c1 24 2.00 400 4
RP-2/D c4 24 2.00 400 4
C005 RP-2/D Al 24 2.00 400 4 1 T-BAR 0.40 0.22
RP-2/D A3 24 2.00 400 4
RP-2/D A5 24 2.00 400 4
RP-2/D A7 24 2.00 400 4
RP-4/D B7 48 4.00 800 4
RP-2/D Cc1 24 2.00 400 4
RP-2/D Cc3 24 2.00 400 4
RP-2/D c5 24 2.00 400 4
RP-2/D c7 24 2.00 400 4
C006 RP-4/D Al 48 4.00 800 4 1 T-BAR 0.32 0.12
RP-4/D A6 48 4.00 800 4
RP-4/D D1 48 4.00 800 4
RP-4/D D6 48 4.00 800 4
Cc014 RP-4/D A 48 4.00 800 4 1 T-BAR 0.64 0.8
RP-4/D C 48 4.00 800 4
RP-4/D E 48 4.00 800 4
RP-4/D G 48 4.00 800 4
RP-4/D | 48 4.00 800 4
C015 RP-4/D A 48 4.00 800 4
RP-4/D C 48 4.00 800 4
RP-4/D E 48 4.00 800 4
co18 RP-4/D A2 48 4.00 800 4 1 T-BAR 0.80 1.46
RP-2/D A3 24 2.00 400 4
RP-4/D A4 48 4.00 800 4
RP-2/D B1 24 2.00 400 4
RP-2/D B3 24 2.00 400 4
RP-2/D B5 24 2.00 400 4
RP-2/D c1 24 2.00 400 4
RP-2/D Cc5 24 2.00 400 4
RP-4/D E2 48 4.00 800 4
RP-4/D E4 48 4.00 800 4
RP-2/D H1 24 2.00 400 4
RP-2/D H5 24 2.00 400 4
RP-4/D 12 48 4.00 800 4
RP-4/D 14 48 4.00 800 4
CO18A RP-5/D A 72 6.00 | 1284 4 1 T-BAR 0.39 0.19
RP-5/D C 72 6.00 | 1284 4
RP-5/D E 72 6.00 | 1284 4
Cc018B RP-1 A 96 8.00 | 2907 8 1 CLOUD 1.16 4.45
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Press.
Wall-Wall Active Actual Flow Drop
Length Length Output # of Coil #Of Panel Rate (ft of
Room # | Panel Type | Panel Tag (in.) (ft) (BTU) Passes Circuits Install Type | (gpm) Head)
RP-1 B 96 8.00 | 2907 8
RP-1 C 96 8.00 | 2907 8
RP-1 D 96 8.00 | 2907 8
co19 RP-2/D Al 24 2.00 400 4 1 T-BAR 0.48 0.37
RP-2/D A2 24 2.00 400 4
RP-2/D A3 24 2.00 400 4
RP-2/D Ad 24 2.00 400 4
RP-2/D A5 24 2.00 400 4
RP-2/D A6 24 2.00 400 4
RP-2/D c1 24 2.00 400 4
RP-2/D c2 24 2.00 400 4
RP-2/D Cc3 24 2.00 400 4
RP-2/D c4 24 2.00 400 4
RP-2/D c5 24 2.00 400 4
RP-2/D Cc6 24 2.00 400 4
C020 RP-4/D A2 48 4.00 800 4 1 T-BAR 0.16 0.01
RP-4/D G2 48 4.00 800 4
co21 RP-4/D A 48 4.00 800 4 1 T-BAR 0.16 0.01
RP-4/D E 48 4.00 800 4
CO021A RP-4/D Al 48 4.00 800 4 1 T-BAR 0.44 0.29
RP-2/D A2 24 2.00 400 4
RP-2/D B2 24 2.00 400 4
RP-2/D c2 24 2.00 400 4
RP-2/D D2 24 2.00 400 4
RP-2/D E2 24 2.00 400 4
RP-2/D F2 24 2.00 400 4
RP-4/D G1 48 4.00 800 4
RP-2/D G2 24 2.00 400 4
C021B RP-2/D Al 24 2.00 400 4 1 T-BAR 0.56 0.55
RP-2/D A2 24 2.00 400 4
RP-2/D A3 24 2.00 400 4
RP-2/D A4 24 2.00 400 4
RP-2/D A5 24 2.00 400 4
RP-2/D A6 24 2.00 400 4
RP-4/D B6 48 4.00 800 4
RP-2/D Cc1 24 2.00 400 4
RP-2/D c2 24 2.00 400 4
RP-2/D Cc3 24 2.00 400 4
RP-2/D c4 24 2.00 400 4
RP-2/D Cc5 24 2.00 400 4
RP-2/D Cc6 24 2.00 400 4
C031 RP-5/D D 144 12.00 | 2568 4 1 T-BAR 0.77 1.23
RP-5/D F 144 12.00 | 2568 4
RP-5/D G 144 12.00 | 2568 4
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Appendix C: Bldg 1540B Deficiencies List

The PERTAN contract was modified on 17 Jun 2015 to add additional Task
5 to correct deficiencies in the baseline facility, Bldg 1540B. The following
paragraph summarizes requirements for Task 5.

C.10.f. Task 5 — Correct Deficiencies in Bldg 1540B: A number of unforeseen
deficiencies were identified in baseline Bldg 1540B that will impact its en-
ergy consumption and the ability to fairly compare the energy performance
of the demonstration facility (Bldg 1540A) with the baseline facility (Bldg
1540B). This task is added to restore comparability to baseline facility. Task
5 shall be completed no-later than 45 days after award of contract modifica-
tion Po0o001. The Contractor shall complete the subtasks listed in Table C-1.

Table C-1. Required contractor subtasks.

ltem |Required Action Final Status

B-1 Replace sheaves and belt on AHU-4 to cause |COMPLETED - 26 Jun 2015.
this unit to deliver design air flow.

B-2 VAV terminal units 1, 8, 11, 13, 14, 16, 15, |COMPLETED - 30 Jul 2015.
and 18 are not operational. Troubleshoot VAV’s were replaced and tested.
and repair or replace as necessary.

B-3 Exhaust fans 8 and 9 are not operational. COMPLETED - 26 Jun 2015.
Troubleshoot and repair or replace as Fans made operational by

necessary. mechanical Contractor.

B-4 Perform point-to-point verification of proper |COMPLETED - 30 Jul 2015.
functioning of VAV reheat coil valves. For any (Two (2) reheat valves were found not
reheat coil valves that are not functioning functioning. Recommend replace

properly, provide a recommendation of actuators in Rooms CO07 and CO05.
repair vs. replacement.

B-5 Verify and update the time schedule within |COMPLETED - 07 Aug 2015.

the BAS. Implemented same time schedule as
Bldg 1540A, the building schedule
operates 0600-1800 Monday to
Sunday.

B-6 Verify proper operation of Boiler High Limit |COMPLETED - 07 Aug 2015.

Safety controls. If High Limit Safety controls |Boiler is interlocked with pump and
are found to be nonfunctional, provide a shuts down when pump is shut down
recommendation of repair vs. replacement. |(In Auto). Flow switch should be
added to prevent boiler operation in
Hand without pump.

B-7 Boiler lockout OA temp has been changed to |COMPLETED - 07 Aug 2015.

85 °F, which leaves the boiler running all the |No action was taken as the boiler is
time. Adjust boiler lockout temperature so needed for VAV reheat coils.

unit shuts down when not needed.
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ltem |Required Action Final Status
B-8 Hot water system still operates when COMPLETED - O7 Aug 2015.
Invensys system is shut off. Provide No action was taken as the existing
necessary controls so that hot water system Invensys control system controls the
shuts down when not needed. operation of the boiler system in both
1540A&B, and it has been verified to
work.
B-9 THIS ITEM IS DELETED. NO ACTION NO ACTION REQUIRED.
REQUIRED.
B-10 |UH-10 has been removed. Remove COMPLETED - 30 Jul 2015.
associated active sensor and relay. The corresponding controls were
removed.
B-11 |Operation and temperature control should |COMPLETED - 30 Jul 2015.
be connected to the Invensys system for the |pPTAC units were connected to system
two new PTAC systems installed during and are on the building schedule.
renovation. Interconnect new PTAC units to
Invensys system or provide other appropriate
means of controlling these units.
B-12 |The UH’s & CUH’s are not connected to the |[COMPLETED - 30 Jul 2015.
Invensys time schedule. Incorporate these | Units are connected to building
into the time schedule. schedule.
B-13 |THISITEM IS DELETED. NO ACTION NO ACTION REQUIRED.
REQUIRED.
B-14  |Control valve actuators for baseboard units |[COMPLETED - 30 Jul 2015.
in restrooms are not connected. Connect Valve actuators are connected to
actuators and make them operational. system and are operational with
bathroom units.
B-15 [Change out high limit thermostat automatic |[COMPLETED - 26 Jun 2015.
reset for manual device. As the coil was busted, the valve was
in closed position. Replaced coil and
system operates as designed.
B-16 |Determine why FCU-3 water return and COMPLETED - 26 Jun 2015.
supply are turned off and correct problem as |Coil unit was leaking and was
needed. replaced by mechanical Contractor.
B-17 |AHU-4 face and bypass dampers are not COMPLETED
documented in the design or controls No action was taken. No need to
sequence. The damper is modulated with change the sequence of operation for
the same signal as the preheat valve. the face and bypass dampers and
Provide a proper control signal to this system|the heating valve.
so that it functions appropriately.
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ltem |Required Action Final Status
B-18 |AHU. Preheat sensor is not reading correctly | COMPLETED
and is mounted in an incorrect location. The |There is not a place in the unit to
sequence for the preheat valve uses the properly place the preheat sensor.
common supply duct temp in its control The preheat coil and the DX coil are
algorithm in lieu of the sensor. Repair, side by side with no access in
replace and/or relocate this device to between. A sensor cannot be located
provide a proper control signal to the AHU.  |on the leaving side of the preheat
coil and beside the original Standing
Operating Procedure (SOP) call for
the heating coil to be controlled by
the supply air sensor.
B-19 |THIS ITEM IS DELETED. NO ACTION NO ACTION REQUIRED.
REQUIRED.
B-20 |Verify proper operation of Power Logic KW COMPLETED - 30 Jul 2015.
meter. If unit if found function incorrectly, Meter appears to be operating
provide recommendation of recalibration, correctly.
repair and/or replacement.
B-21 |Provide a written report documenting COMPLETED
completion of above corrective actions and  |Submitted and Accepted by CERL
resulting outcomes. Contract Officer Representative
(COR) - 17 Sep 2015.
B-22 |On completion of all corrective actions COMPLETED
identified above, perform Test and Balance |Submitted and Accepted by CERL
(TAB) of Bldg 1540B and document in a COR - 17 Sep 2015.
written TAB report.
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Appendix D: Product Datasheets

Figure D-1. EnTouch Remote Sensor Module (RSM-100) datasheet.

THE ENTOUCH ONE REMOTE SENSOR MODULE

RSM-100

REMOTE SENSOR MODULE

The EnTouch Remote Sensor Module is designed to work with our EnTouch One EMS family. Monitor your facilities
through our cloud based system using your computer, tablet, or mobile device.

Monitor energy critical systems in your facility and reduce the risk of a facility crisis with the EnTouch Remaote Sensor

Module.

TECHNICAL SPECIFICATIONS

Power Requirements

- 24V AC from wall mounted 120-24 VAC transtormer

Measurements

- Four termperature input port

- Supported sensors: 10K Type 2, 10K Type 3, 20K type 4

- Two wire NTC passive sensors. Sensors sofd separatefy)

- Digital input: Any of the temperature inputs can also be configured
to sense opening or closing of a dry contact

- Pulse input: Accumulated pulse count in certain time. Software
support will be deployed in the future for water and gas metering
applications

Wiring Connectlon

- Mating connector provided with the unit

- 1Terminal Block, Pluggable, 3.50mm, 6P0S - Power Supply

- 2Terminal Block, Pluggable, 3.50mm, 8R0S — Measurement/Control
Inputs

Terminal Designation

- Sensor 1 - Sensor 4: Temperature Input or Digital Input . Polarity

insensitive.,

- Pulse In: Pulse Counter Input. Reguires isolated open collector /

relay input

Physical and Environmental

-Size: 5"x 1.6"x 47

-Weight: 4.5 Oz

- Mounting: Wall mounted with hardware provided

- Compliance: FCC, C5A

MANAGEMENT OF:

A S

TOTAL FACILITIES INTELLIGENCE HVAGC

RSM FEATURES

Multiple Facility Monitoring

Dur monitoring platform is designed for commercial applications.
It can monitor energy usage. temperature or @n act as a contact
sensor to monitor door openings and closings. The RSM gives total
system visibility over all of your facilities.

Configurable Features

The system is flexible, allowing it ta monitor the most complex ap-
plications. From simple contact dosure inputs to thermal sensing
inputs, the RSM can handle them all. Adapt and expand as your

Refrigeration Monitoring
The EnTouch EMS can monitor refrigeration temperatures and de-
frost opdes, allowing business owners to become mare energy ef-

ficient, detect hidden maintenance issues and benchmark enengy
nce across loations.

Support for External Inputs

The system can accept inputs from static switches, motion detec-
tors, and thermal sensors. Use these inputs to fadlitate problem
alerts, safety features and systern performance.

Designed For Retrofit Applications

Unlike traditional wired systems, the EnTouch Remote Sensor Mod-
ule is easy to install and don't require extensive communication
wiring or programming. In fact there is no programming required.
Easy to use, quick to get started, and cost effective for your business.
Pulse Metering

The Remote Sensor Module also supports pulse input. which allows
it to track water, electricity and gas consumption. With this func-
tionality, a restaurant can track real-time utility consumption and
compare multiple fadlities from a cloud based management portal.

vy bk &S

LIGHTING REFRIGERATION 247 GLOUD MONITORING

Salez: 800-820-3511 *» www.entouchcontrols.com ¢ Support: 877-755-1609
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Figure D-2. GreenTrol airflow sensor datasheet.
‘_:th ] J Technical Data Sheet
Autamation, Inc. Single Probe Air Flow Measurement with PID Control Output and Alarm - Analog Output
GreenFlow 2000 Series
o - APPLICATIONS

5110 Probe with
Universal Mount Bracket

..-_;_-:..-:,"" ‘ 5110 probe and Adjustable

Insertion Mount Bracket
GF-2100A OVERVIEW

GreenTol model GF-21004 is a high quality economical programmable single probe
dual-output airflow,/temperature measurement and contnel solution with options for
analog air flow, temperature and corresponding PID output (for control of airflow set
point) and alarm features. It is designed for installation in crdtical applications where
precise air flow and temperature measu rement (down to zero flow), and available PID
control of air flow set point are required. The GF-21004 includes one factory calibrat-
ed probe and an advanced programmable microprocessor controlled transmitter. A
simple user interface and LCD permit selection of analog output options for airflow,
and for temperatune measunement or for comesponding PID control signal output to
maintain airflow set point. Airflow sensor accuracy is typically 3% of reading (4%
max) from 0 o 2,000 FPM [10.16 mys), and temperature accuracy is £ 0.36°F [+
0.2°C) from <20 to 160*F [-2B.9°Cto TL1°C]. Probes are equipped with high reli-
abllity bead-in-glass heated thermistors, factory calibrated to NIST traceable stan-
dards over the entire operating range. A Field Calibration Wizard feature permits
field adjustment of factory calibration if required. A programmable alarm feature
includes options for low/high limit and hysteresls; dead band alarmwith upper/lower
alamns as a percentage of flow; or as a sensor trouble alarm. The alarm condition s
shown locally on the LCD display and can be configured as dry relay contacts or as
an extemal LED driver (15mA typical). Analog outputs are fleld-configurable for O-
10VDC, 0-5VDC or 2-10 VDC (20 mA max) for communication with virtually all maod-
ern controls and building automation systems (BAS).

Available for applications where accurate
monitoring/control of low airflow and temper
atune is required.

Maximize system efficiency by accurately
measuring and contrelling airflow with a sin-
Ele instrurnent.

Key in the acquisition of LEED® credits for
Energy and Atmosphere and Indoor
Ervironmental Quality when applied in 0A&
applications.

SYSTEM FEATURES

Advanced Themnal Dispersion (TD) technalo
gy ensures accurate, repeatable airflow
measurement from 2ero flow (still air),

Proprietary sensor design features high relia-
bility beadin-glass heated thermistors factory
calibrated in wind tunnels to MIST traceable
standards for placement in more locations
than other sensing technologies.

Vanable alrflow signal integration to minimize
airflow fluctuations (transient wind gusts) at
low air flows.

Programmabile local and remote relay or LED
alams for low/high limit, and deadband.

Versatile Feld Calibration Wizard for simple
field adjustment If required.

Simple push-button user interface for simple
field configuration.

Innovative universal mounting bracket and
adjustable inserton mount bracket available.

GF-2100A SPECIFICATIONS Mounting Brackets: . . .....Unkersal and Insertion available
System Probe Diameter: .. .. ......0.75 in [19 mm]
Sensor Accuracy®: Alrflow:  + 3% of reading typical (4% max) Standand Size: ...........Band 16 inches (203.2, 406.4 mm)

Temperature:
Calibrated Rangg: ... ..

+ 0.36°F [+ 02°C]
.0 to 2,000 fpm [10.16 m/s]

Probes / Sensing Modes: . .

.1 probe per transmitter; 1 sensing
node per probe

Operating Temperature: .. Sensor 2010 160°F [2B88t071.1°C] Probe/ Transmitter Cable: . .10 ft [3.05m)] Plenum rated FEP
Xmtr: -20 1o 120°F [28.9 10 48.9°C] cable (Other lengths avall.)
Operating Humidity: .. . .. ..0 to 99% non<condensing; OQutput Interface

Transmitier must be protected from
EXposune 1o precipitation

Andependently configurable outputs
for flow, termperature, control, alarm

Programmable Modes: ...

Analog Qutputs: .........

Qutput Resolution: .. ... ..

.Dual non-lsolated analog 0-10VDC,
GEVDC or 2-10 VDC (20 ma max)
A0.21% of full scale (0-10/2-10vDC)
0.42% of full scale (05VDC)

or disabled Output Load: .. ...........500chm minimum (20 mA max)
Power Requirements:. . .. . .24 VAC (22.8-26.4 VAC) at 8VA maX  programmable Alarm: .. .. Low limit, High limit or dead band
Transmitter Enclosure alarrrliﬂmmn;agﬁ above of below a
: cove spec ow
Encmum ;13;0”?" T ..ﬁtgn;tﬂzhouslngwlth r Alarm type . .............LCDIindication and dry relay con-
daiiitadin sl tacts (30VDC/24VAC @ 3 amp max)
Transminter Dimensions: . . 3.570 x 6.006 x 1.502 in (HXMxD) or direct LED drive (15 mA typical)
[3068 x 152.55x 3815 mm], with iy oo Wizard: . .. . .. .. .Simple fieid adjustment of factory

integral 0.502 [12.75 mm)] flanges.
Sensor Probe

Probe Construction: .. ... .. 6063 alum standard (316 SS optional)

Standand Warranty: .......

calibration if required
12 months

* Sensoraccuracy is the accuracy of the individual sensor. Installed accuracy of the ovwerall airflow station is applicatior-dependent based on application

size and resulting sensor density and is typically better than 15% of reading
“GreenTrol Automation, Inc. = 158 Holly View Lane Loris, 3C 20569 »

Toll Free: BTT-4GN-TROL (877 445.8765) »

Intermet: GreenTrol com
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FLOW

Figure D-3. Badger BTU meter datasheet.

FLOW

BTU METER
380 SERIES

DESCRIPTION

The Badger Meter 380 Series BTU meters provide

an inexpensive solution to menitoring thermal energy
consumption in cold or hot water systems. The integrated flow
and temperature sensors along with the internal metering
components make installation and commissioning easy. With
on-board Modbus and BACnet communication and a compact
design that will fit in a wall, the 380 Series is perfect for
networking and multi-tenant billing applications.

FEATURES

+ AC or DC power

+ Field programmable

+ Scaled pulse or R5-485 (Modbus and BACnet) output
standard

+ Two temperaiure sensors included

+« Compact, fits within a standard 2X4 stud wall

+ Compatible with potable water and wateriglycol
mixtures

WIRING
APPLICATION
« Strip Malls @ =
» Multi-tenant buildings POWER
+ Offfce bulldings O
+ Thermal storage systems
« Sustainable design buildings @| = e
)| 2 - Rsaes
D+
Q= PULSE
®| OUTPUT
SPECIFICATIONS
Supply Voltage 12-28 VAC or 12-35VDC Operating Temperature -4° to 148°F (-20° fo 65°C)
Supply VA VA Media Temperature Range
Supply Current 200 mA maximum Cold service -4° to 140°F (-20° to 80°F)
Sensor Input 0.24" diameter ATD probe, meets Hot service 39° to 2567°F (4° to 125°C)
|IEC751 Class B; 6.5' (2 m) cable for Materials Of Construction
remote sensor, custom fitting for 1/8" Cast bronze tee, 316 S5 impeller,
NPT pipe tap included PEEK flow sensor, polyurethane
Output Scaled pulse: 10, 50, 150, 200 or potting material, polycarbonate
250 ms housing
Wiring Two cable glands, PGE and PGS Enclosure Rating NEMA 4
Wiring Terminations  Screw terminals inside enclosure Weight
Communication Modbus RTU, BACnet 3" 6 lb (2.7 kg)
Repeatability +0.5% 1" 7 b (3.2 kg)
Size 34", 1", 1-1/4", 1-1/2", 2" 1-1/4" 51b (3.6 kg)
Connections FNPT 1-1/2" 9 Ib (4.1 kg)
Velocity Range 110 15 fps 2" 13 |b (5.9.kg)
Accuracy + 2% of range Warranty 1 year

m 3863975353 5h | kele.com  WHEN YOU NEED IT RIGHT, RIGHT NOW, CALL KELE.

March 2014




ERDC/CERL TR-17-26

149

Figure D-4. Honeywell humidity/temperature sensor datasheet.

Honeywell
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The HVE25, H7635, and H7 655 are highly accurate, stable
humidity transducers designed for use with HVAC controllers
such as the T7.350 Thermostal, H7 75 Remofe Humidity Con-
troller, and W7 760 Direct Digifal Controllers. The Ceramic
Technology humidify sensor is not affected by condansation
and provides excellent long-term stability.

SPECIFICATIONS

Models:
O See Table 1.

Dimensions:

O See Fig. 1 through 3.

Operating RH Range:

Q 0o 100% RH.

Humidity Accuracy:

0 +2%, £3% or £5% from 20 to 95% RH.

20K Ohm Temperature Accuracy:

Q +0.4°F at 77°F (#0.2°C at 25°C).

20K Ohm Temperature Output Range:

O Room: 40° to 110°F (4" to 43°C).

QO DuctiCutdoor: -40° to 240°F (-40° to 116°C).

Hysteresis:
O Less than 20.4% RH.

Supply Voltage:

Q 15 to 36 Vdc or 24 Vac.
Maximum Impedance Load:
0 2.42K ohms at 60 Hz.

Maximum Supply Current:

O Current Mode: 22 mA.

O Voltage Mode: S mA.

Finish:

O Room Enclosure: ABS Plastic (UL94-HB rated).
O Duct Enclozure: ABS Plastic (UL94-5VA rated).
O Cutdoor Enclosure: ASA Plastic (UL-24%0 rated).

Duct
Mount

H7625, H7635, H7633

Humidity/Temperature Sensors

SPECIFICATION DATA
FEATURES

+ Ceramic Technology overcomes the limitations of
other resistance based humidity sensors that use
water soluble polymer coatings.

* Ceramic Technology allows sensors to recover fully
from condensation, fog, and high humidity.

+ Highly accurate, repeatable, stable output with
neqgligible hysteresis.

+ Temperature compensated output

+« Zero and span trimmers, and increment/decrement
recalibration feature,

» All units have selectable 4-20mé#A, 0-10Vdc, or 0-5Vdc
output.

+ MIST traceable 2%, 3%, and 5% calibration, every
sensor calibrated at 3 different points.

Compensgated Temperature Range:
Q -10 to 160°F (-23 to T1°C).
Humidity Response Time:

Q 30 seconds.

Saturation Response Time:

2 10 minutes.

Sensitivity:

QO 0.1%RH.

Interchangeability:

O Less than #3% RH nominal.
Repeatability:

O 0.5% RH.

Long term drift:

O Less than 2% RH dnft/s years.

Table 1. Models.

Model RH QOutput Voltage Temperature
HNumber Accuracy Mount Signal Supply Sensor
H7625A 2% Room Selectable: 18-36 Vdc 20K ohm
420 ma, or
H7E35A % 0-10 vde, 24 Vac
H7625B 2% Duct ar
HT635B 3% 0-5Wde
H76558 5%
H7635C 3% Qutdoor
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Appendix E: Criteria Change Request

E.1

for UFC 3-410-01

Problem

UFC 3-410-01, Paragraph B-8 suggests considering the use of infrared radi-
ant heating in high bay areas or where spot heating is required. Except in
these specific instances, UFC 3-410-01 currently assumes that space heating
will be provided by the mechanical delivery of warmed air and that the sen-
sible component of space comfort cooling will be satisfied by mechanical de-
livery of cooled air. These assumptions ignore the fact that, in combination
with a well-sealed building envelope and a dedicated outdoor air system
(DOAS), a radiant heating and cooling system can successfully satisfy both
the space heating and cooling requirements of many military facilities.

UFC 3-410-01, paragraphs 3-2 and 3-3 require provision of a DOAS system
to condition the ventilation air when the total outdoor air requirements for a
building (either new buildings or ones undergoing major renovation) exceed
1,000 CFM. The DOAS separates the ventilation function from the space heat-
ing and cooling functions. As a result, a completely separate system must be
installed to meet the space heating and cooling requirements. These separate
systems typically are VAV systems, fan coil units (FCUs), or other all-air sys-
tem types. Current criteria does not recognize the alternative possibility of
satisfying space heating/cooling requirements with a radiant system.

Radiant systems have been widely used in Europe and other parts of the
world. They are simple in design, quiet, clean, and easily maintained. They
cost effectively enable individual temperature control in small spaces because
all that is required is a small two-position control valve connected to a simple
room thermostat. Unlike FCUs, no air filters are required so that filter
maintenance is reduced and confined to the DOAS unit in the mechanical
room. Radiant systems can take advantage of lower temperature heating wa-
ter and higher temperature cooling water. This facilitates the possibility of
piping chilled water leaving the DOAS system’s cooling coil to supply the radi-
ant cooling panels. As a result, the chiller sees a higher chilled water return
temperature, improving the chilled water system’s efficiency and capacity.
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E.2

Solution

Incorporate criteria allowing broader consideration of low temperature ra-
diant heating systems in administrative facilities, barracks facilities, and
other building types with either high or low ceilings. In applications re-
quiring no cooling, ventilation air can be provided by a dedicated ventila-
tion air system delivering neutral or slightly warmed air with the bulk of
comfort heating provided by radiant systems installed in the floor slab or
ceiling. Slab mounting facilitates the use of the slab mass as thermal stor-
age in addition to being a radiating surface. Ceiling-mounted radiant sys-
tems may be radiant mat systems incorporated in ceiling finish systems,
radiant metallic “cloud” panels suspended from the structural ceiling or
radiant metallic panels for mounting in a suspended ceiling grid.

In dry locations requiring combined heating and cooling (but no dehumidifi-
cation), incorporate criteria allowing consideration of radiant heating and
cooling systems in administrative facilities, barracks facilities, and other
buildings with high or low ceilings where ventilation air requirements are
provided by a separate ventilation system delivering neutral or partially tem-
pered air. Combined radiant heating and cooling systems may be installed in
the floor slab or ceiling. Slab mounting facilitates using the slab mass as ther-
mal storage in addition to being a radiating surface. Ceiling-mounted radiant
systems may be radiant mat systems incorporated in ceiling finish systems,
radiant metallic “cloud” panels suspended from the structural ceiling, or radi-
ant metallic panels for mounting in a suspended ceiling grid.

In humid locations requiring combined heating, cooling and dehumidifica-
tion, incorporate criteria allowing consideration of radiant heating and
cooling systems in administrative facilities, barracks facilities and other
buildings with high or low ceilings. Candidate facilities in humid locations
should have tight building envelopes to prevent infiltration of humid un-
conditioned outdoor air. Ventilation air requirements shall be provided by
a DOAS system delivering neutral or partially tempered air. In the cooling
mode, all latent cooling shall be handled by the DOAS system and the radi-
ant system should provide sensible cooling only. Combined radiant heat-
ing and cooling systems may be installed in the floor slab or ceiling. Slab
mounting facilitates using the slab mass as thermal storage in addition to
being a radiating surface. Ceiling-mounted radiant systems may be radiant
mat systems incorporated in ceiling finish systems, radiant metallic
“cloud” panels suspended from the structural ceiling or radiant metallic
panels for mounting in a suspended ceiling grid.
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A radiant heating/cooling system and a DOAS system were retrofitted into
a Company HQ facility, successfully demonstrating that comfort condi-
tions could be satisfied without experiencing problems with condensation
forming on radiant cooling surfaces. This demonstration was performed in
a hot, humid location (Frederick, MD). The installed system was found to
be quiet, simple to operate and maintain, and capable of satisfying occu-
pant comfort. Besides this project, the Army Corps of Engineers recently
completed construction of a new six story cadet barracks facility using ra-
diant heating and cooling systems embedded in the floor slab of cadet
rooms. Low temperature radiant heating has also been used successfully in
a deep energy retrofit project at the Presidio of Monterrey’s Bldg 630 bar-
racks facility. Low temperature radiant heating systems have also been
successfully installed at a number of U.S. Army maintenance facilities and
hangars in Germany.

Low temperature radiant heating systems facilitate taking full advantage
of the potentially higher efficiency of condensing boilers because return
water temperatures from these systems are low enough to extract latent
heat from flue gases. Radiant heating and cooling systems may also be a
useful alternative to all-air HVAC systems in the renovation of facilities
with minimal available overhead space for both ventilation and space con-
ditioning air ducts.

As with any system, a thorough engineering analysis and life-cycle cost
analysis should be performed before deciding to install a radiant heat-
ing/cooling system. We believe that a radiant heating/cooling system may
be life-cycle cost competitive with traditional all-air systems, especially in
locations with low to moderate sensible and latent cooling loads.
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Acronyms and Abbreviations

Term Definition

AC Alternating Current

AHU Air Handling Unit

AIRR Adjusted Internal Rate of Return

ANSI American National Standards Institute
ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning Engineers
ASTM American Society for Testing and Materials
AT/FP Antiterrorism/Force Protection

BAS Building Automation System

BLCC Building Life-Cycle Cost

BRAC Base Realignment and Closure

BTU British Thermal Unit

BTUH British Thermal Unit per Hour

BV Besloten Vennootschap (Dutch: Limited Company)
C&P Cost and Performance

CccSPF Closed-Cell Spray Polyurethane Foam

CDD Cooling Degree Day

CERL Construction Engineering Research Laboratory
CFM Cubic Feet per Minute

CFH Cubic Feet per Hour

CHW Chilled Water

CMU Concrete Masonry Unit

CONUS Continental United States

COR Contract Officer Representative

COTS Commercial off-the-Shelf

CRCP Ceiling Radiant Cooling Panel

CT Current Transformer

CUH Cabinet Unit Heater

DB Dry Bulb

DBT Dry Bulb Temperature

DH Dehumidifier

DOAS Dedicated Outdoor Air System

DoD U.S. Department of Defense

DP Differential Pressure

DPT Dew Point Temperature

DPW Directorate of Public Works

DX Direct Expansion

ECB Engineering and Construction Bulletin

EER Energy Efficiency Rating


http://encyclopedia.thefreedictionary.com/Besloten+Vennootschap
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Term
EF

EISA

EMS

EO

EPAct
ERDC
ERDC-CERL

ESTCP
ET
EUI
EW
EWT
FCU
FEMP
FLA
FP
FPM
Fy
GHG
GPM
GSM
HDD
HGL
hp
HVAC
HW
HX

IA
IPLV
IS0

Iwg
kW
kWh
LCC
LEED
LoC
LWT
MIPR
MNS

Definition

Exhaust Fan

U.S. Energy Independence and Security Act of 2007
Energy Monitoring System

Executive Order

Energy Policy Act

U.S. Army Engineer Research and Development Center

Engineer Research and Development Center, Construction Engineering
Research Laboratory

Environmental Security Technology Certification Program
Expansion Tank

Energy Use Intensity (kWh/ft2)

Energy and Water

Entering Water Temperature

Fan Coil Unit

Federal Energy Management Program

Full Load Amps

Force Protection

feet/minute

Fiscal Year

Greenhouse Gas

Gallons per Minute

Global System for Mobile Communications
Heating Degree Day

HydroGeologic, Inc.

Horsepower

Heating, Ventilating, and Air-Conditioning
Hot Water

Heat Exchanger

Information Assurance

Integrated Part Load Value

International Standards Organization
Information Technology

inches of water gauge

Kilowatt

Kilowatt Hour

Life-Cycle Cost

Leadership in Energy and Environmental Design
Local Operating Consoles

Leaving Water Temperature

Military Interdepartmental Purchase Request
Mass Notification System
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Term Definition
MOU Memorandum of Understanding
NA Not Applicable
NEC Network Enterprise Command
NIST National Institute of Standards and Technology
NOAA National Oceanic and Atmospheric Administration
NSN National Supply Number
O&M Operations and Maintenance
OA Outside Air
OMB Office of Management and Budget
OSA Outside Air
Pa Pascal
PC Personal Computer
PSIG pound-force per square inch gauge
PTAC Packaged Terminal Air Conditioner
PV PhotoVoltaic
RH Relative Humidity
ROI Return on Investment
RPM Revolutions per Minute
RSM Remote Sensor Module
SAR Same as Report
SCFM standard cubic feet per minute
SERDP Strategic Environmental Research and Development Program
SF square feet
SIR Savings-to-Investment Ratio
SITA Southern Independent Testing Agency, Inc.
SOP Standing Operating Procedure
SP Simple Payback
STD Standard
TAB Test and Balance
TR Technical Report
UFC Unified Facilities Criteria
UH Unit Heater
UMCS Utility Monitoring and Control System
USACE U.S. Army Corps of Engineers
USDOE U.S. Department of Energy
VAV Variable Air Volume
VSD Variable Speed Drive
WBDG Whole Building Design Guide
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