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» Housekeeping

» Introduction

» Current state of high-performance building requirements and
acknowledgement of uncertainty ahead

» Building technologies and practices that have matured in the past
20 years

» Reasons for optimism
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Introduction

» Acknowledging the push and pull of ideas

» “Wood stove and a window” vs. State of the art facilities

» “Leave innovation to the private sector” vs. “Lead by example”
» Aggressive targets
» Rescinding of mandates
» Good design still works. LCCA is still important

» Examples of how buildings have gotten better



What do we want to say? (won’t show this slide)

» Federal building energy requirements have gotten increasingly more stringent. (examples
90.1-2019, electrification)

» With the new administration, it is likely that these requirements will be significantly relaxed or
even removed.

» Before we abandon everything, it's worth reviewing technologies and practices that have
proven to be life-cycle cost effective and have become part of best practices for building
design and performance.

» These have been gathered from the past 20 years, which coincides with the adoption of the
Energy Policy Act of 2025.

» Rob McAtee has been part of the entire journey and is a bitter, jaded, old man because of it.

» Evan Riley has also lasted these 20 years but somehow remains cheerful and optimistic.



Current Requirements for DOD Facilities®

*As of 1 May 2025



Current State of Energy and Sustainability Requirements

ENERGY POLICY ACT OF 2005
» (EPACT)

» Required all federal buildings
to meet 30% energy
reductions.

» Basis of comparison was

ASHRAE Standard 90.1
-2004




Current State of Energy and Sustainability Requirements

» Energy Independence and Security Act
(EISA), 10 CFR 433 _STANDARL

» Implements EPACT iy et
Energy Standard

for Buildings
Except Low-Rise

ASHRAE 90.1-2019 e e sy
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» Updated to require comparison using the
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ASHRAE Standard Progressively Better

EﬁETMREEFY Estimated Improvement in Residential & Commercial Energy Codes \35"/
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DOD Rule

UFC 1-200-02
01 DECEMBER 2020

» U FC 1 -200-02 Change 02, 01 JUNE 2022

» DOD document that
implements EPACT

: 0]
» Previously, 30% HIGH PERFORMANCE AND

savings calculated SUSTAINABLE BUILDING
based on simple energy REQUIREMENTS
Improvements predicted

by models that met the
then-current ASHRAE
standard (2013).

UNIFIED FACILITIES CRITERIA (UFC)
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Energy Performance Calculation

PClyyyqet = [Baseline Unregulated Energy Cost +
» NOW, UFC 1-200- (Building Performance Factor x Baseline Requlated Energy Cost)]/
02 Total Baseline Energy Cost

» Returns to 2004 * The Building Performance Factor lowers the target energy use by

basis. but.... dramatically reducing the regulated, i.e., non-process loads of the 2004-

equivalent baseline. 2
» Includes process e 42,11 Bl Peormace Facio (551 o8
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Energy Performance Calculation

» The difference
looks like this
from USACE
studies of two
military buildings
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Energy Performance Calculation

» There may be relief on the horizon.

» Addenda to ASHRAE 90.1-2019 allow other
ways to calculate savings.

» Greenhouse gas emissions savings

» Site energy (as opposed to energy cost)
savings
» Source energy savings

» Though not currently allowed by UFCs, they
are part of ASHRAE 90.1-2022, which may be
iInvoked in future.
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Still, The Industry is Doing Better

The Hawthorne effect and energy awareness

Daniel Schwartz®', Baruch Fischhoff*®?, Tamar Krishnamurti®, and Fallaw Sowell°

» The feeling of being observed or
merely participating in an
experiment can affect individuals’
behavior. In an experiment where
homeowners were sent reminders
that they were part of an experiment
on energy use, even with no
instruction, their energy use
dropped.

When No One is Watching

Add An Observer
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Technologies and Practices




Technologies and Practices - General

» Following are examples of technologies
and practices that have become, or are
becoming, commonplace in buildings in
the past 20 years.

» Some technologies still need to ride
down the cost curve, but buildings today
are generally much better built and more
energy efficient that they were in 2005.




Equipment and Systems

ENVELOPE HVAC Electrical Water
Triple+ paned glass Variable Frequency Drives LED Lighting Waterless urinals
Low-e coatings (not dark) Condensing Boilers Plug load monitoring/switching Low-flow fixtures
Foam insulation EC Motors Daylighting controls Rainwater harvesting
Combined air/water barriers | Variable Speed Chillers Improved lighting controls Water metering
Thermal breaks Cold climate heat pumps Power monitoring
Energy recovery units
t Dedicated outside air systems t
Envelope items are LED L/ghz‘//?g has been a
arguably most t huge confr/butOf to
impactful since they energy and maintenance
are passive and last reductions.
the life of the facility. Cold climate heat pumps

will be a game changer, but
costs need fto come down.
(More to follow)




Equipment - Envelope

/ Low-E coating on

/ surface #4 (interior)

/ reflects room heat
back to the interior

y
\/ U-factor = 0.20
“1 - SHGC =0.27
— 27% of solar heat
//

// transmitted

Air-Bloc 21

VT =0.63
63% of visible
light transmitted

BlueskinTWF

Air Bloc 06
Air Bloc 32MR

Blueskin SA
Blueskin SA LT

Anatomy of a walll. Lots of layers! Portion of wall system Double-glazed window with
showing thermal breaks low-E coating and high VT



Envelope — Going Backward?

« Sadly, the glass boxes aren’t going away

* They look cool, but are expensive,
difficult to seal, and inefficient.

* On the plus side, today’s glass boxes are
better than 2005’s.




Equipment - HVAC

HVAC
Triple+ paned glass Variable Frequency Drives LED Lighting Waterless urinals
Low-e coatings (not dark) Condensing Boilers Plug load monitoring/switching Low-flow fixtures
Foam insulation EC Motors Daylighting controls Rainwater harvesting
Combined air/water barriers | Variable Speed Chillers Improved lighting controls Water metering
Thermal breaks Cold climate heat pumps Power monitoring

Energy recovery units
Dedicated outside air systems

1

Cold climate heat pumps
will be a game changer, but
costs need to come down.
(More to follow)




Equipment - HVAC

EC Motors and VFDs

» Brushless direct current

» Higher efficiency than AC
motors, especially at low
load

» Integrated speed control,
so no VFD needed

» More common in smaller
applications, upper limit
25-30 hp

Housing Permanent magnet

_ Laminated
Commutations sheets
electronics

- Bearing
Windings system
Mains -/ and control Rotor

connections

https://www.airtecnics.com/



Equipment - HVAC

A EC Motors

i ».ac (Continued)
= /
® ™ 1~AC
—
2 60 These motors are great, but they
'E 50 come at a premium. Costs are finally
E coming down as they are becoming
= 40 dominant in the industry
=
= 30 | Shaded pole

motor
20 |
10

0 50 100 150 200 250 300 350 400 450 500
Output power P2 [W]

https://www.assemblymag.com/articles/94873-ec-motors-explained



Equipment - HVAC

Some manufacturers have
replaced permanent split-
capacitor motors with EC motors
across the board for certain
products, like terminal HVAC
units and split systems.

Very commonly included by
default in selections for these

and other smaller HVAC
systems.

EC Motors
(Continued)

Computer Room Unit Application

[£

Emersonnetworkpower.com




Equipment — HVAC

What is a Heat Pump

» Heat pumps are just air conditioning
systems in reverse. They extract heat from
the air (or other source) and deliver it to
the building.

» For every unit of electrical energy used,
heat pumps can deliver 2-4 units of heat.
(200%-400% efficient!)

» Cold climate heat pumps are finally
available in the U.S. Costs need to decline.

Air to water heat pump



Cold Climate Heat Pumps — A Long Evolution

Circa 100 CE

Circa 3200 BCE Circa 1890 CE
Robust but non- Stylish but heavy Steam powered.
functional and expensive. Low COP. Not even

Also, non-functional  a heat pump

Circa 1990 CE
Pretty good, but

poor heat output
below 40°F

e

& B e sl ;

o

Circa 2025 CE
Finally! Acceptable
heat output in ambient
temperatures well
below freezing



Air to Water Heat Pumps for Bigger Buildings

» We already have air-
cooled chillers

» Air to water heat pumps
are chillers that can
produce hot water, too.

» Some can produce both
simultaneously 4OTLOAD

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

» Terms and conditions
apply...

LOADS [kW]

Courtesy Daikin 42



Air to Water Heat Pumps

» Be aware that manufacturers
claim operation down to O °F
or lower, but capacity and
heating water temperature
may not meet requirements at
that temperature.

» Supplemental heat (boiler)
may be required in very cold
climates.

hot water leaving temperature, °F

160 Courtesy Trane ACX AWHP application guide

150

140

130 mm = e - - - . - - -

120

110 ——  ACK full load (R410A)

25% Glycol required
100

90

80

70

60
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Make Buildings “Heat Pump Ready”

» Since electrification may take a while:

» Design hydronic heating systems for not
more than 130°F supply temperature.
This is a high-efficiency practice even
without gas boilers.

» Use condensing NG boilers if necessary
for a hybrid system

» Install future electrical infrastructure for A note about electrical demand:

future heat pumps In most of the country, peak electrical demand is
set in summer months by air conditioning.

In some states, like Virginia, peak demand is in
winter mornings. This is because conventional

heat pumps rely on lots of electric resistance
heating.




Equipment - Electrical

Electrical
Triple+ paned glass LED Lighting Waterless urinals
Low-e coatings (not dark) Plug load monitoring/switching Low-flow fixtures
Foam insulation Daylighting controls Rainwater harvesting
Combined air/water barriers Improved lighting controls Water metering
Power monitoring

Thermal breaks Renewable Energy

LED Lighting has been a

huge contributor to

energy and maintenance
reductions.




Equipment — Electrical

LED Lighting

Cheaper, and now better in every category of
lighting

By far the most life-cycle cost effective lighting
technology

Double-win since it reduces cooling load..




Equipment — Electrical

On-site Renewable Energy (PV)

Fixed-tilt PV systems are continuing to fall in cost and require
very little maintenance.

Their life-cycle cost is less than many other energy saving
measures.

1

Example.: PV less expensive
than some aggressive
envelope improvements




Equipment - Electrical

U.S. Solar PV Pricing Trends & Deployment Growth

45,000 $7.00

40,000 $6.50
G ' $6.00 =
[1M]
g 35000 $550 =
= $500 &
QD
< 30,000 §450 &
= o
O 25,000 $4.00 -
o $350 ©
@ 20,000 1
U $3.00 >
& 15000 $250 2
= $2.00
£ 10,000 = o . $1.50 g
U’] 1 . ..
e I L g
5000 %100 Z

a l B I 2050

0 ] - $G.DD

20010 20N 2012 20014 2016 2018 2020 2024
@ Residential Commercial Utility @ Installations

. oo : o Wood s
Source: SEIA Wood Mackenzie Power & Renewables LS. Solar Market Insight O« 20024 m Mackenzie SEIA ?




Equipment - Electrical

Cost Curve for Batteries

Steep battery price decline enables more applications in more markets
to be deployed economically

Cost development: Energy Storage Energy storage market applications

1000

Battery Cell Price, 2010-2025 ($/kWh)

900 Frequepcy Microgrid & Islands
regulation
800 0.5-1h Up to 4h
700 3 4
Critical Power Energy Cost Control
600
= Upto 1h Up to 4h
; 00
- 5 6
400 Generation Capacity Peak

Enhancement Power

Upto 1h Up to 6h

8
T&D Enhancement

Renewable

Integration

Up to 4h

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025




Equipment - Electrical

Why Batteries will Keep Getting Better and Cheaper







Controls

ENVELOPE HVAC ELECTRICAL WATER
Window shade controls Common BAS protocols Lighting Controls Water metering
Self-tinting Glass Chiller plant optimization Power monitoring Irrigation controls

Power control systems
1 ] 1 )
Still waiting for Power control systems
better interfaces can increase resilifence

and self diagnostics and save money




Controls - Examples

Controller Comm. Status

S0 23 218 P DT Bloomfield Town Hall . °rCom, Status
[emp Is 89.8° Oommunication is Normal
OA Humidity 45.7 %RH Jace'!- Mnb-57

Hot Water / Chilled Water System White Background

0A Dew Point 68 °F
OA Enthalpy 38 BTU/Ib
Seasonal Heat Calendar  On

Pump Rotations Seasonal Cooling Calendar On
Global Parameters

Power control system

BoilerCmd Off HW Reset from OAT
Pump Flow Alarm HWS Temn = — -
P Summer/Winter Change- _ 207 20
BrHWSTemp  78.6°F 8L1°F Over Satpt for FCUs SEEE T T:.:? :EE g:t:‘: i:::i I th i d t ”
- - : summes IN tNIS Case, a microgrid controlier
HWS Setpt  130.0 °F )
—- e —————— o Chilled Wate: . " -
) i i is Enabled Ab; B I d I I t I d
R Boiler Modulation o
o _— uilding level controls can provide
0% Open . .
m g splR oren multiple benefit
9 - P-1 Status Off HX1 HWS Temp PT u Ip e ene I S
B1 B2 VEDSpeed 0% V3 4 116.8°F [ AnnexHWRVIY Closed
Bir lso - =
et Valve Cmd | — || —— - et
| = VT
P2 = — -
| = | o = P — | — s Annex HWSViv Closed
- HX1 HWR Tem
e — — M= HWR 80.7°F g Diff Press Setpt —+-—p—
HWR Temp HVC-1/2 3 12.0 psi Va3
45.2°F P2Cmd Off = ) -
P2 Status  OFf ’ Diff Pressure ——
P Flow Flow = On  Tower Fan Cmd 0.3 psi DTWS to FCUs
ump VFDSpeed 0% 3P
On  Tower Fan Status
4 5% TowerFanVFD 1
"l DTWR Temp 452 °F |
= DTWR From FCUs |
r - - 134w |
P1Cmd On PsaCmd On P5a 154
P1 P-15tatus  On Cw Pump Reset from Cwr PsaSatus On | Lo v
VFD Speed  100% ) t Ve 405.3v
= Inlo 75°F Outlo 70 [ —— Chiller IS0 Viv Open AnnexRTHVIY O ) 50.091=
- InHi  85°F OutHi nnex v Upen o — r — —_—
Pmp Speed Setpt 1 PsbCmd OFf Psb | & ’
— - PsbStatus  OFf ! 632w ] 57.0mw | 7" 57.1ww | 57.3uwv | 327w | |1 0.0mw
150war| v 20 | -13mar| | 1 qua| | 020 | 0.0
-~ -~

~0 .
Building Automation System (BAS) ‘ =l Gl s E‘_g %
Provides a wealth of information including @ soow| | srz2w T snw) |

ithl
status and trends. Typically, able to & 6
S

630voc 628voc &va@
25.7% 26.0% 26.5%

Energy Storage Gen OFF :
g@, Capacity Operation Operating Mode

S a2 164020 23.0 minutes 1.0 days Auto

integrate multiple protocols.




Controls — Case Study

GSA Green Proving Ground

GPG-028 | SEPTEMEER 2016

135,000 ft2 building, circa-2000 cooling CHILLER PLANT CONTROL
plant OPTIMIZATION SYSTEM

In 2016, upgraded controls. Nothing very 3 ’
fancy by today’s controls standards. QR e hiled Weter System Optiizator

esigned to run most efficiently

» Application of VFDs (though not on
chillers)
* Monitoring: sensors sensors sensors!

ticnal Laboratory (FMML) 10 assess
em under real-world conditions at
the Frank M. Johnson Jr. Federal Building and U.5. Courthouse in
Mantgomery, Alabama. Companng the technology’s performance
with an estimated baseline, researchers found a 35% energy
savings and payback of five years, assuming a national average
energy rate of $0.11/kWh.

35% energy performance improvement

All of this is the norm in today’s energy
standards.







Testing

Commissioning, MEP

Commissioning, Envelope

Required. Saves time and money

Honorable Mention.
Black Start Testing
|dentifies issues and
improves resilience

Not required but a good idea

Building Pressurization Testing

Required by Architecture UFC 3-101-01

1

Arguably, the most important step
in improving building performance




What About LEED?




Green Building Rating Systems

LEED Credit Categories
» LEED, Green Globes, and other green-building ' "
rating systems were established to ensure that
claims related to building efficiency, occupant
comfort, and responsible sourcing of materials

could be verified.

» These standards have changed the way
buildings are designed and constructed.

» They are intended to get more stringent and
are broadening in scope.




Avoiding Greenwashing

» What’'s wrong with this
picture?

» Buildings are complex
and expensive, involving
hundreds of people to
design and build.

» How do we keep
everyone focused (and
honest)?
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Questions / Discussion
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