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Moseley Architects

A 48 years of continuous practice

e

A Over 220 employees 'I"‘ ?i{‘

A Offices
A Richmond - HQ
A Fairfax
A Harrisonburg
A Roanoke L
A Virginia Beach g"’"‘
A Warrenton ‘%‘
A Charlotte "{)
A Raleigh
A Columbia
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Moseley Architects

A Sectors

A Civic A Higher Education A K-12

A Justice A Senior Living A Commercial

WL DY N\ , TN . - -/ :
ﬁH’w_ﬁ?rW;t" - LB ‘ - = -

A Architecture A Programming
A Mechanical, electrical, plumbing, A CIP planning and feasibility studies
A Fire protection engineering A High performance/sustainable
A Interior design design
A Project management A Construction administration
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Mechanical Systems

Plug Loads
15.6%

Space Heating
31.4%

Lighting
18.4%

Space Cooling
18.5%

K-12
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Equipment Space Heating
19.3% 20.9%

Space Cooling
9.6%

Lighting
18.1%

Corrections

Space Heating

Lighting
Cooking/Refrig 9.2%
52.1%

Dining Halls



Maximizing Energy Efficiency

A Code requirements
A Energy modeling

A Building Systems

A Mechanical systems
A Electrical systems
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Code Requirements

A What does the code indicate for energy requirements?

CHAPTER 13: ENERGY EFFICIENCY
Section 1301: GENERAL

ENERGY EFFICIENCY

User note: Code change proposals to this chapter will be considered by the International Energy Conservation Code
Development Committee during the 2016 (Group B) Code Development Cycle. See explanation on page iv.

SECTION 1301
GENERAL

[E] 1301.1 Scope. This chapter governs the design and construction of buildings for energy efficiency.

[E] 1301.1.1 Criteria. Buildings shall be designed and constructed in accordance with the fnternational Energy
Conservation Code.
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Code Requirements

A So what does the IECC indicate?

CHAPTER 4 [CE]: COMMERCIAL ENERGY EFFICIENCY
Section C401: GENERAL

COMMERCIAL ENERGY EFFICIENCY

SECTION C401
GENERAL

C401.1 Scope. The provisions in this chapter are applicable to commercial buildings and their building sites.
C401.2 Application. Commercial buildings shall comply with one of the following:
1. The requirements of ANSI/ASHRAE/IESNA 90.1.
2. The requirements of Sections C402 through C405. In addition, commercial buildings shall comply with Section C406
and tenant spaces shall comply with Section C406.1.1.
3. The requirements of Sections C402.5, C403.2, C404, C405.2, C405.3, C405.4, C405.6 and C407. The building energy
cost shall be equal to or less than 85 percent ofthe standard reference design building.
C401.2.1 Application to replacement fenestration products. Where some or all of an existing fenestration unit is replaced

with a new fenestration product, including sash and glazing, the replacement fenestrationunit shall meet the applicable
requirements for U-factor and SHGC in Table C402.3.

Exception: An area-weighted average of the U-factor of replacement fenestration products being installed in the
building for each fenestration product category listed in Table C402.3 shall be permitted to satisfy the U-factor
requirements for each fenestration product category listed in Table C402.3. Individual fenestration products from
different product categories listed in Table C402.3 shall not be combined in calculating the area-weighted average U-
factor.
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Code Requirements

A ASHRAE Standard 90.1
A Two compliance paths

A Prescriptive

A Energy Cost Budget Method (Energy Modeling)

A Appendix G i Performance Rating Method
A Baseline HVAC Systems

TABLE G3.1.1A Baseline HVAC System Types

Building Type

Fossil Fuel, Fossil/Electric Hybrid, and Purchased Heat

Electric and Other

Residential

System 1—PTAC

System 2—PTHP

Nonresidential and 3 Floors or Less and <25,000 ft2

System 3—PSZ-AC

System 4—PSZ-HP

Nonresidential and 4 or 5 Floors and <25,000 ft2 or
5 Floors or Less and 25,000 ft2 to 150,000 ft2

System 5—Packaged VAV with Reheat

System 6—Packaged VAV
with PFP Boxes

Nonresidential and More than 5 Floors or >150,000 ft2

System 7—VAV with Reheat

System 8—VAV with PFP Boxes

Heated Only Storage

System 9—Heating and Ventilation

System 10—Heating and Ventilation
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Energy Modeling

An Architect’s Guide to

INTEGRATING

[\ al® VIO L
IN THE DESIGN PROCESS
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Energy Modeling

A Use as an iterative design tool

TYPICAL ANALYSIS
TIMEFRAME

CONCEPT DESIGN SCHEMATIC DESIGN DESIGN DEVELOPMENT CONSTRUCTION DOCUMENTS
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Energy Modeling

63% Daylit

PLAZA

34.3 kBtu/SF

3-STORY

31.7 kBtu/SF
43% Daylit

4-STORY

30.5 kBtu/SF

49% Daylit
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Energy Modeling

A Use as an iterative design tool

Energy Savings vs. ASHRAE 90.1

Energy Recovery
Lighting Power Density

Receptacle Power Density
Glazing U-value —

Daylighting Controls
Adjust Space Temp

setpoints
Demand Control Ventilation

_— e — e— — ——

LEGEND
Infiltration Rate | WvAC
Matural Ventilation Lighting
Roof R-value Domestic HW
Wall R-value . Plug Loads
Water Conserving Fixtures [
External Sunscreens
Glazing SHGC
surface Reflectance
Eliminate Spandrel
0% 2% 4% 8% 8%
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Energy Modeling

A Use as an iterative design tool

Recommended Strategies Annual Energy Consumption (kBtu)
ENVELOPE 700,000 - s

R17.3 Walls (206 c.i.) ASHRAE 90.1 Baseline (EUI 70.3)
R-30 Roof Insulation )

Proposed TPO Roof Membrane 600.000- . Recommended Strategies (EUI 40.8)

Guardian SNX 62/27 Glazing
Continuous Air Barrier System

G 500,000+

Energy Recovery (70% Effectiveness)
Demand Control Ventilation (12 Rooms)

LIGHTING 400,000+
Increased Interior Finish Reflectances
0.6 W/SF Interior Lighting Power Density
Daylight Dimming in All Perimeter Rooms

300,000+
PLUG LOADS
1.0 W/SF Receptacle Power Density
(combination of all AEDG 200.000-

recommendations)

DOMESTIC HOT WATER
Lavatories with IR Sensors (12s / cycle) 100.000-
1.5 gpm Break Room Sinks
ENERGY STAR Dishwasher

Space Hot Cooling Fan Lighting  Plug
Heating Water Loads
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Energy Modeling

A Use as an iterative design tool

T P aine | Desn | Savings

ANNUAL UTILTY COST

Energy $57,749  $34,465 40.3%
PEAK HEATING DEMAND (MBH) 690.0 354.7 48.6%
PEAK COOLING DEMAND (TONS) 127.9 75.6 40.9%
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Building Systems

A Airside Systems
A Variable Air Volume (VAV)
A Energy Recovery Wheels
A Variable Refrigerant Flow (VRF)
A Chilled Beams

A Waterside Systems
A Geothermal
A Heat Recovery Chillers
A Condensing Boilers

A Electrical
A Lighting Systems
A Power Systems
MOSELEYARCHITECTS
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Mechanical Systems

A VAV System
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Mechanical Systems

A VAV Systems

TABLE G3.1.1A Baseline HVAC System Types

Building Type

Fossil Fuel, Fossil/Electric Hybrid, and Purchased Heat

Electric and Other

Danial

ST s

SYSLe 2 DILD

Nonresidential and 3 Floors or Less and <25,000 ft2

System 3—PSZ-AC

System 4—PSZ-HP

Nonresidential and 4 of b F1001s and <25,000 1t2 or
5 Floors or Less and 25,000 ft2 to 150,000 ft2

System 5—Packaged VAV with Reheat

System 6—Packaged VAV
with PFP Boxes

Nonresidential and More than 5 Floors or >150,000 ft2

System 7—VAV with Reheat

System 8—VAV with PFP Boxes

Heated Only Storage

System 9—Heating and Ventilation

System 10—Heating and Ventilation
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Mechanical Systems

A Energy Recovery Wheels

SUMMER CONDITIONS

Previous |

Econom
100 %
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Return Air
Temp
Airflow
Humidity
CcO2

T15°F
238 cfm
5%

393 ppm

T

Gas Heaters
Stages 1
Modulstion 100 %

DX Coolin
Stages
Modulation




Mechanical Systems

A Energy Recovery Wheels

A Essentially required by ASHRAE 90.1
now for all systems

iging Power” i
Recebt@BilPower | I
Density | | TABLE 6.5.6.1 Energy Recovery Requirement
jpiazing Bzaltia | [% Outdoor Air at Full Design Airflow Rate|
Rariardng Soparals | >30% |>40%] >50% | >60% |>70%
DerSaiRointstrol I Zone and | and | and | and | and [>80%
Ventilation [ <40% |< 50%| < 60% | < 70% (< 80%
Infiltration Rate Design Supply Fan Airflow Rate (cfm)
Natural Ventilation 3B, 3C, 4B, 4C, 5B NR NR NR NR |=5000(=5000
Roof R-value 1B, 2B,5C NR NR [=26000/=12000|=5000|=4000
Wall R-value | R RSSO SO SRR =508)
Watelrfiit?,lr:zgmng - [ 1A, 2A, 3A, 4A, 5A, 6Al >5500 |>4500| >3500 [ >2000 (>1000{ >0 -l
External Sunscreens _‘Lbﬁ_mﬁm_;n =0 =0 =0
Glazing SHGC :F [NR—Not required
Surface Reflectance s e e | | o e
Eliminate Spandrel T

0% 2% 4% 6% 8% 10¢
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Mechanical Systems

A Variable Refrigerant Flow (VRF)

Heat Recovery

Within System Refrigerant Distribution Box

Water-source VRF unit

~—— Water-side Heat Recovery
with WR2-Series

Outdoor unit

Closed Loop System
(vertical and horizontal
configurations are available)
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Mechanical Systems

A Chilled Beams

MOSELEYARCHITECTS



Mechanical Systems

A Radiant heating and cooling devices
A Radiant floors
A Radiant panels
A Chilled sails
A Chilled beams

A Terminology can be confusing
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Mechanical Systems

A Modes of Heat Transfer

Conduction Convection _ figdiaucn
(via direct contact) (via fluid) i eée;c;c{;zr;arlg)net|c
e Conduction is the ¢ heat transfer between e No transfer medium
direct flow of heat asurface and adjacent required
through a material fluid (gas, air or liquid) e It’s the transfer of
resulting from and by the flow of thermal energy
physical contact. fluid from one place through matter of
to another, induced space by electro-
by temperature magnetic waves.
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Y
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Convection } 3 3 )
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Radiation
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Mechanical Systems

A Chilled Beams

A Mode of heat transfer i Convection with a little radiation
A Provides both heating and cooling
A Two types

A Passive

A Active

MOSELEYARCHITECTS
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Mechanical Systems

A Chilled Beams - Passive
A Provides cooling via natural convection
A Primarily used for cooling with limited heating via radiation
A Independent ventilation system
A Similar to chilled sails where it requires a return air path
A Limited capacity due to natural convection process (~155 (BTU/h)/ft)

N i

ke i H

\ T2 zet-

|
f VvV i

! Shroud/
| Stack
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Mechanical Systems

A Chilled Beams - Active

A Provides cooling and heating via forced
convection

A Integrated ventilation system with beams
A Ventilation air introduced into plenum on beams

A Induces room air across coil, mixes with ventilation air
and delivers it to the space

A Typical induction ratio is between 1:3 and 1:5

A Increased capacity due to forced convection
process
~260 (BTU/h)/ft
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Mechanical Systems

A Chilled Beams - Active

A 1-way, 2-way, or 4-way air discharge patterns

-
n

Primary Air

L

Room Air

1-way pattern

——Planum

Primary &ir [T - Mozzlas

Room Air

2-way pattern
MOSELEYARCHITECTS
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Hinged Face to allow
access to the coil

Plenum

Mounting
Bracket

}-— Primary Air Inlet




Mechanical Systems

A Chilled Beams - Active
A 1-way, 2-way, or 4-way air discharge patterns

Primary &ir

|__—| — Planum

106000098

Room Air

2 N

4-way pattern
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Mechanical Systems

A Chilled Beam System
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A A A A N A e e A e A R R A A R A A A A A A A A A i, I T T, AR

i [ -+— -+— - L —

: || || || | G

| g cB l]— CB \}— CB E CB

i MY @Y e @ o =%

D e iy

i [ — — —

: Im | T 1 T [

| [ c8 [ c8 | cB E cB 2

1 ] 4

L V::|(T3“*r;:|®‘~f;:|® @ || 2%

! HEE r—fF————— = S === | LY

1

1

H E I TT — TT ‘_ TT — T G
1
{8 _\|,_c5 w‘|_1\:|3 ECE X
VY Ty oY Tev o =%
T ——— =1

S

o e e /J:Kﬁﬁ/r’yr}fr}f!/f!ﬁ//!/y//yff/ff/n‘?/ﬁ/f’!r}fr}f!/f!ﬁ/ﬁﬁ/r}/f/ff/!f’/!f’ L i e e e e )

] [ -+ — -— -+— :
H T 1 T 1 Z_}
i 5 cB 5 cB U ce E cB |
i T Ty eV e =g
ot s e s S I e S — | 3

o . .

1 [ +— . +— — OO

: | [m| 1 [T | ﬁ

i [ <8 LL_ CB [ cB E CcB

L Y TN Y TOY eV @

e e E—— o E— e E— - :

e R R R § Basement

MOSELEYARCHITECTS

DESIGNING SOLUTIONS = BUILDING TRUST m ENRICHING LIVES



Mechanical Systems

A Chilled Beam System vs VAV System

: — 100% OAI / EXH ER - VAV Air
Boiler Chiller Air Handling Unit ' Boiler Handling
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Mechanical Systems

A Energy efficiency

A 1 cubic foot of chilled water transports 3500 times more cooling
energy than 1 cubic foot of air

A Pumps more efficient than fans

&» ~ Vs

1/2°
7” Diameter ~ Diameter 18”x18”
Air Duct Water Pipe Air Duct
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Mechanical Systems

A Energy efficiency

A Reduced fan energy versus all air systems

A Chiller COP

-

e
w

=
]

A Waterside economizer
NFree cool I

Efficiency (kW/ton)
= = ©
(] (=] =l

= L
.

)
ma [}

o
o

1000 Ton Chiller operating at 42 F
CHWS Temp and 70 F CWS Temp

\."____‘——-:l_

\ 1000 Ton Chiller operating at 60 F

CHWS Temp and 70 F CWS Temp

[=]
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Mechanical Systems

A Reduced mechanical footprint
A Reduced floor-to-floor heights
A Potential for 6-18 inches saved per floor
A Less building skin can contribute to energy savings
A Construction cost savings or higher ceilings

A Reduced floor space
A Smaller shafts due to smaller ductwork
A DOAS air handling units are smaller

MOSELEYARCHITECTS
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Mechanical Systems

A Reduced maintenance
A No moving parts
A No fans
A No motors
A No power requirements
A No filter
A Recommended to vacuum coils every
5-10 years
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Mechanical Systems

A Water Source Heat Pump System
A In hot weather/
cooling mode - Perimeter

Units in
Coolng Mode

f \ [

f -

Core
Fl'.“, Units in
e
- : :
= r— 1

P

MOSELEYARCHITECTS

DESIGNING SOLUTIONS = BUILDING TRUST m ENRICHING LIVES



Mechanical Systems

A Water Source Heat Pump System
A In cold weather/

heating mode Perimeter

Units in
Heating Moga

1 > 1l
Core
Units in
Healmg W |

Pump ON Heatl Soucce Heat Rejector
ON OFF
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Mechanical Systems

A Water Source Heat Pump System
A Balanced

operation Perimeter

Units in
Heating Mode

Pump ON Heat Sourco Hoat Rejector
OFF OFF
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Mechanical Systems

A Geothermal Heat Pump System

1 1 1
LJ ol J
L
1 1 — Water-Source
L | .| [ Heat Pump Units
—— Main
I T I Toms | System
Pump Standby
| o— | P | S— System
Pump
-
—t
Ground
Loop
J VU UV U
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Mechanical Systems

A Geothermal Heat Pump System
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Mechanical Systems

A Geothermal Heat Pump System

Energy Cost Budget / PRM Summary

By MOSELEY ARCHITECTS

roject Mame: Lowdoun County JOC

| Deter August 15,2011

ity: Leesbung, VA

‘Weather Data: Washington, DC

ote: The percentage displayed for the “Propossd! Base %"

*AlE-4: 90.1-2004 Baseline Bldg

0it-1: Central geothermal VA w,' Alt-2: Geothermal terminal

Alt-3: WC Chiller & Natural Gas|

ang - Conditioned

Receptacies - Conditig

omestic Water Hea

1: Central Geothermal VAV wiradiant slab heating

3: WC chilled water and condensing boiler hot water plant. VAV w/ radiant slab healing
2: Terminal Geothermal GCHP with DOAL

biumn of the base case is actually the percentage of the  [PTHP'S f Electric resistance DWH Jheated slab & geotherrmal DWH | GCHPs & geothermal DWH Baller for space heating & DWH
pial enargy consumption. Proposed Proposed Proposed Proposed

. Energy | Base Peak Energy I Base Peak Energy | Bage Peak Energy | Base Peak
Denglen the base aitemathe for he BCR ghudy. 1046 Btukr % kBtuh || 1046 Bruyr % kBtuh | 106 Btur % kBtuh | 10%6 Btuyr % KBtuh
Lighting - Conditio | Flactricity ABES 15 a8 A60 8 Fi) i 608 A i1 A0 8 a7 |
ipace Heating

Lowest LCC

 nace Coaling Comparative Present-Value Costs of Allernatives
— (Shown in Ascending Order of Initial Cost, * = Lowest LCC)
emrapon | Allemative Initial Cost (PV)

&1 10 T
Pl UG, 231

wlpLdily >

* Alt-4 Alt-1 Alt-2 Alt-3
‘otal MNumber of hours heating load not met 217 287 1 257
MNumber of hours cooling load not met ™ 1] ] [/}
* A4 Alt-1 Alt-2 Alt-3
Energy Costhyr Energy Costiyr Energy Costhyr Energy Costiyr
106 Btuyr $yr 1046 Btuyr $yr 106 Btufyr $hyr 106 Btufyr $iyr
Electricity 3,184.8 To,238 1,2063 30,481 1,850.1 49,235 1,1877 20,900
Bas 0.0 0 0.0 ] a0 1] 801.4 10,137
otal 3,165 79,239 1,206 30461 1,960 49,236 1,980 40,136

61.6% Cost Savings

37.9% Cost Savings 41.7% Cost Saving
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Life Cycle Cost (PV)




Mechanical Systems

A Geothermal Heat Pump System
A Hybrid System i Reduce first cost

Coaling Tower

Ground Loop - Plate Heat
Pump s

- Exchanger
b % 9
Tower Pump

S Ty ‘ x Ground Loop
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Mechanical Systems

A Heat Recovery Chillers

Al nstead of fAthrowingo h
atmosphere, capture it and utilize it

A Space heating
A Domestic water heating
A Snow melting
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Electrical Systems

A Lighting Systems
A LED light fixtures
A Hanover County Circuit Court Renovation
A 418 light fixtures
A $135/fixture for T5 fluorescent

A $172ffixture for LED ey gy proverey

Initial cost $ 107,927.60| |$ 123,393.6{)'

Annual cost of operation :S 20,229.85 8 ?,914.25?
A P ayb ack 1.26 years Energy cost :,s 16,245.05 S 7,914.251:

Total maintenance cost (te 2 costbelow added) | $ 3,984.80| s

Relamping cost :S 1,341.35 |5

Amortized ballast cost :s 2,643.45 s

Annual cost savings N 1 ;.;3_15801

% Saved - SD.Q%f

KW Load | 48.906 23.826

Load Reduction - 51.3%:
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Electrical Systems

A Lighting Systems - Controls
A Occupancy sensors

A ASHRAE 90.1 requires automatic lighting shutoff
for all spaces

Table 1. Energy waste for the 14-day period and energy savings for the 5- and 20-
minute time delay simulations.

Application Energy waste' Energy savings using Energy savings using
the 5-min time delay’ the 20-min time delay’

Break Room 39% 29% 17%

Classroom 63% 58% 52%

Conference Room 57% 50% 39%

Private Office 45% 38% 28%

Restroom 68% 60% 47%
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Electrical Systems

A Lighting Systems i Controls
A Daylighting
A ASHRAE 90.1 starting to require automatic
daylighting controls for certain areas

Percentage of occupied hours where illuminance is at least 28 footcandles, measured at 2.79 feet above the floor plate. Percentage of occupied hours where illuminance is at least 28 footcandles, measured at 2.79 feet above the floor plate.
W 0% W 25% B s50% 75% 100% W 0% W 25% M 50% 75% 100%
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Electrical Systems

A Power Systems
A Receptacle controls

A ASHRAE 90.1 requires automatic control for at
least 50% of receptacles in private offices, open
offices, and computer classrooms

A Coordinated solution for lighting, daylighting, and
receptacle controls

MOSELEYARCHITECTS
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Electrical Systems

OCC-RJ45
(BMS Output/Egress Control)

OCC-RJ45
RC3DE (Connection to any Greengate Sensor) -
(3 Relay + 3 Dimmer
+1 Emergency Relay) L A#w
RC-5TSB-0S82-*
(Pre-Engraved Wallistation) N

(Wall Corner Occupancy Sensor)

RCJDE

A .F“

Emergency Lighting

b U U

@»
DSRC-FMOIR
Normal Lighting (Multi-Zone Daylight Sensor)
( > {Load 1)
— —
» Normal Lighting
(Load 2)

| 1 — \—
SPRC-R-20-120

(20A Receptacle Control)

Line Voitage o
to J-Box &= ()
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What is BEMOSS?

BEMOSS is a Building Energy Management

Open Source Software (BEMOSSIution that

IS engineered to improve sensing and control of

equipment in smatland mediumsized ‘
e

commercial buildings. =
DENMOSS

BEMOSS monitoring and control:

BEMOSS value: Improves energy efficiency and facilitates demand

response implementation in buildings.




Why BEMOSS ?

A Buildings consume over 40% of the total energy consumption in the U.S.
Over 90% of the buildings in the U.S. are either seiadld (<5,000 square
feet) or mediumsized (between 5,000 sqft and 50,000 sqft).

A These buildings typically do not use Building Automation Systems (BAS) 1
monitor and control their building systems from a central location.

0.1%
100% < 0.7%
1.6%
90%
0%  EEEETTTEEEE @00 O Size of buildings
in square fest e
70% « Over 500,000
60% » 200,001 to 500,000
50% = 100,001 to 200,000
m 50,001 to 100,000
40% » 25,001 to 50,000
30% m 10,001 to 25,000
20% u5,001 o 10,000
= 1,001 to 5,000
10%
0% o
percent of total commercial percent of total commercial )

buildings floorspace Cla
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BEMOSS Advisory Committee

BEMOSS is developed in consultation with industry

BEMOSS advisory committee has representatives fidPnorganizations

AUTOMATEDLOGIC ~ johnson 2

{5 United Technologies Cﬁntl'ﬁls

BACnet

International

&3 soences WattStopper () ’ . EsTN ¢C M.

\& Rain\>
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BEMOSS Interoperability

Communication Technologies

y EE
W Ethernet (IEEE 802.3) @13%55 502.11
W Serial Interface (R&85) '
W ZigBee (IEEE 802.15.4) e q @)E
W WiFi (IEEE 802.11) |§oz:1 6.4 RS485

Data Exchange Protocols o -
W BACnet (IP and MS/TP) Q BAC“ — OpenADR
W Modbus (RTU and TCP) WEB “}Madbus
W Web (e.g., XML, JSON, RSS/Atom)
W/ ZigBee API @ ZTigBee Smart

W Smart Energy (SE) Energy
W OpenADR (Open Automated Demand Response) Profile

/T M



BEMOSS Plug & Play

With BEMOSS discovery agent, we know:

A The device is present in the building.

A Device model number, e.g., 35D.

A What the device can do, e.gnonitor temperature and adjust set point.

Sensors/

owerMeters
R P pPower

CT30 , o

BEMOSS automatically discovers new load controllers deployed in a buiIding

(BACnet/M
@ odbus)

1 \ Light

sensor

(BACnet)
Occupancy

sensor
(BACnet)

s’ Plug load
controller
(BACnet)

d Smart
3 ol ! - plug
| .Ligﬁt.ir;é] Step-dimmed Smart (ZigBee)
Philips Light load ballast plug

- : Plug Load

: ZigBe e

Hue tch  controller ( (WiFi)
—— Controllers

57 Lighting Load Controllers

controller RTUMS

Controllers (Modbus™




BEMOSS Deployment in Buildings

Building 1¢ Virginia Tech Architecture Building

A Location:Alexandria VA
A Demonstration: HVAC, plug load
control

Building 2¢ Equipment Bureau

A Location:Arlington, VA
A Demonstration: Lighting control

Building 3¢ Virginia Tech building

A Location:BlacksburgVA
A Demonstration: HVAC control
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Alexandria, VA

Iding In

ing 1¢ VT Bu

Id

Bui

1021 Prince St.,

VA 22314

1a

Alexandr

—

14-25 MWh/mo.
61 kW

25,000 SF

Area.:
Energy
Peak load
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Thermostats (WiFi)

Plug load controllers (WiFi)
Motion sensor (WiFi) '
Environment sensor (WiFi)

Power meter (Modbus)

Deployment Setup

A
é
&
I
C

Floor 35 Classroon , —e"

h . {}/ Z/
A 1 thermostat

A 3 plug load controllers / / / /w\\ .

A 1 motion sensor
A 1 environment sensor (GQtemp, humidity)
A 1 power meter

A BEMOSS core
A BEMOSS node

Floor 2

A 5 thermostats
A 5 power meters
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Building 1: Alexandria
26 8%FEnergy Savings. befare and aftec BEMOSS

June 2014
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HWALC Power Consumption [Kwh)
Outdoor Temperature [degF)

20

10

Compressor consumption: 8,340kWh (summer 2014)

June 2016
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Compressor ocnsumption: 6,071kWh (summer 2016)
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Building 2¢ Equipment Bureau Building

2701 S Taylor St, Arlington, VA 22206
L

- 2 -,

Office building size: 5,000 sqi
Electricity consumption: N/A




Building 2¢ BEMOSS Deployment

BEMOSS
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Building 2: Arlington
Energy Savings by controlling light intensity

Based on occupant requirements, light intensity level was reduced. Results indicate
the average kWh savings of about 36%

Dec 2016 34.4%
Jan 2017 33.4%
Feb 2017 35.9%
Mar 2017 36.2%
Apr 2017 35.0%
May 2017 36.0%
Jun 2017 36.3%
Jul 2017 36.0%
Aug 2017 35.0%
Average 35.4%

Note: Scheduled dimming level from 6:30am to 9:00pm. Open office area A: 50%; Opt
2FFAOS INBIF .Y np:>T / KAST 2FFAO0SQa RSa

., conference room A: 50%; Conference room B: 45%. Lights are off after 9:00pm.



Building 3¢ Commercial Building in Blacksburg, VA

460 Turner St, Blacksburg, VA 26041

Retail building: ~50,000 sqft
Peak demand: ~160kW

Electricity consumption: 465MWh/month
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