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Moseley Architects

Å 48 years of continuous practice

Å Over 220 employees

Å Offices

ÅRichmond - HQ

ÅFairfax

ÅHarrisonburg

ÅRoanoke

ÅVirginia Beach

ÅWarrenton

ÅCharlotte

ÅRaleigh

ÅColumbia



Moseley Architects

ÅArchitecture

ÅMechanical, electrical, plumbing, 

and structural engineering

ÅFire protection engineering

ÅInterior design

ÅProject management

ÅProgramming

ÅCIP planning and feasibility studies

ÅSecurity system design

ÅHigh performance/sustainable 

design

ÅConstruction administration

ÅSectors

ÅCivic

ÅJustice

ÅHigher Education

ÅSenior Living

ÅK-12

ÅCommercial





K-12 Dining HallsCorrections

Mechanical Systems



Maximizing Energy Efficiency

ÅCode requirements

ÅEnergy modeling

ÅBuilding Systems

ÅMechanical systems

ÅElectrical systems



Code Requirements

ÅWhat does the code indicate for energy requirements?



Code Requirements

ÅSo what does the IECC indicate?



Code Requirements

ÅASHRAE Standard 90.1

ÅTwo compliance paths

Å Prescriptive

Å Energy Cost Budget Method (Energy Modeling)

ÅAppendix G ïPerformance Rating Method

Å Baseline HVAC Systems



Energy Modeling



Energy Modeling

ÅUse as an iterative design tool



Energy Modeling
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BLOCK

29.1 kBtu/SF

63% Daylit

PLAZA

34.3 kBtu/SF

83% Daylit

3-STORY

31.7 kBtu/SF

43% Daylit

4-STORY

30.5 kBtu/SF

49% Daylit

Heating             Cooling             Fans               Lighting

Annual Energy Use (kBtu/SF) Daylit Areas (%)



Energy Savings vs. ASHRAE 90.1

Envelope

Domestic HW

HVAC

Lighting

Plug Loads

LEGEND

Energy Modeling

ÅUse as an iterative design tool



Recommended Strategies Annual Energy Consumption (kBtu)

ASHRAE 90.1 Baseline (EUI 70.3)

Recommended Strategies (EUI 40.8)

ENVELOPE

R-17.3 Walls (2ò c.i.)

R-30 Roof Insulation

Proposed TPO Roof Membrane

Guardian SNX 62/27 Glazing

Continuous Air Barrier System

HVAC

Energy Recovery (70% Effectiveness)

Demand Control Ventilation (12 Rooms)

LIGHTING

Increased Interior Finish Reflectances

0.6 W/SF Interior Lighting Power Density

Daylight Dimming in All Perimeter Rooms

PLUG LOADS

1.0 W/SF Receptacle Power Density 

(combination of all AEDG 

recommendations)

DOMESTIC HOT WATER

Lavatories with IR Sensors (12s / cycle)

1.5 gpm Break Room Sinks

ENERGY STAR Dishwasher

Energy Modeling

ÅUse as an iterative design tool



Baseline Design 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%

Energy Modeling

ÅUse as an iterative design tool



Building Systems

ÅAirside Systems

ÅVariable Air Volume (VAV)

ÅEnergy Recovery Wheels

ÅVariable Refrigerant Flow (VRF)

ÅChilled Beams

ÅWaterside Systems

ÅGeothermal

ÅHeat Recovery Chillers

ÅCondensing Boilers

ÅElectrical

ÅLighting Systems

ÅPower Systems



Mechanical Systems

ÅVAV System



Mechanical Systems

ÅVAV Systems



Mechanical Systems

ÅEnergy Recovery Wheels



Mechanical Systems

ÅEnergy Recovery Wheels

ÅEssentially required by ASHRAE 90.1 

now for all systems



Mechanical Systems

ÅVariable Refrigerant Flow (VRF)



Mechanical Systems

??

ÅChilled Beams



Mechanical Systems

ÅRadiant heating and cooling devices

Å Radiant floors

Å Radiant panels

Å Chilled sails

Å Chilled beams

ÅTerminology can be confusing



Mechanical Systems

ÅModes of Heat Transfer



Mechanical Systems

ÅChilled Beams

Å Mode of heat transfer ïConvection with a little radiation

Å Provides both heating and cooling

Å Two types 

Å Passive

Å Active



Mechanical Systems

ÅChilled Beams - Passive

Å Provides cooling via natural convection

Å Primarily used for cooling with limited heating via radiation

Å Independent ventilation system

Å Similar to chilled sails where it requires a return air path

Å Limited capacity due to natural convection process (~155 (BTU/h)/ft)



Mechanical Systems

ÅChilled Beams - Active

ÅProvides cooling and heating via forced 

convection

ÅIntegrated ventilation system with beams

Å Ventilation air introduced into plenum on beams

Å Induces room air across coil, mixes with ventilation air 

and delivers it to the space

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

ÅIncreased capacity due to forced convection 

process

~260 (BTU/h)/ft



Mechanical Systems

ÅChilled Beams - Active

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

2-way pattern

1-way pattern



Mechanical Systems

ÅChilled Beams - Active

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

4-way pattern



Mechanical Systems

ÅChilled Beam System



Mechanical Systems

ÅChilled Beam System vs VAV System



Mechanical Systems

ÅEnergy efficiency

Å1 cubic foot of chilled water transports 3500 times more cooling 

energy than 1 cubic foot of air

ÅPumps more efficient than fans



Mechanical Systems

ÅEnergy efficiency

ÅReduced fan energy versus all air systems

ÅChiller COP

ÅWaterside economizer

ñFree coolingò



Mechanical Systems

ÅReduced mechanical footprint

ÅReduced floor-to-floor heights

ÅPotential for 6-18 inches saved per floor

ÅLess building skin can contribute to energy savings

ÅConstruction cost savings or higher ceilings

ÅReduced floor space

ÅSmaller shafts due to smaller ductwork

ÅDOAS air handling units are smaller



Mechanical Systems

ÅReduced maintenance

ÅNo moving parts

ÅNo fans

ÅNo motors

ÅNo power requirements

ÅNo filter

ÅRecommended to vacuum coils every

5-10 years 



Mechanical Systems

ÅWater Source Heat Pump System

ÅIn hot weather/

cooling mode



Mechanical Systems

ÅWater Source Heat Pump System

ÅIn cold weather/

heating mode



Mechanical Systems

ÅWater Source Heat Pump System

ÅBalanced

operation



Mechanical Systems

ÅGeothermal Heat Pump System



Mechanical Systems

ÅGeothermal Heat Pump System



Mechanical Systems

ÅGeothermal Heat Pump System

Å Fairfax McLean Police Station

Å Prepared LCCA comparing:

Å Option 1 - Packaged VAV RTUs with gas heat & hot water 

reheat coils

Å Option 2 - VAV RTUs with chilled/hot water & hot water 

reheat coils. Chilled & hot water produced by geothermal 

source chiller

Å Simple payback of 13.6 years

Option #1 Option #2

First Cost $1,047,336 $1,487,840

30 Year LCC $2,667,788 $2,276,628



Mechanical Systems

ÅGeothermal Heat Pump System

ÅHybrid System ïReduce first cost



Mechanical Systems

ÅHeat Recovery Chillers

ÅInstead of ñthrowingò heat away into the 

atmosphere, capture it and utilize it

ÅSpace heating

ÅDomestic water heating

ÅSnow melting



Mechanical Systems



Electrical Systems

ÅLighting Systems

ÅLED light fixtures

ÅHanover County Circuit Court Renovation

Å418 light fixtures

Å$135/fixture for T5 fluorescent

Å$172/fixture for LED

ÅPayback 1.26 years



Electrical Systems

ÅLighting Systems - Controls

ÅOccupancy sensors 

ÅASHRAE 90.1 requires automatic lighting shutoff 

for all spaces



Electrical Systems

ÅLighting Systems ïControls

ÅDaylighting

ÅASHRAE 90.1 starting to require automatic 

daylighting controls for certain areas



Electrical Systems

ÅPower Systems

ÅReceptacle controls

ÅASHRAE 90.1 requires automatic control for at 

least 50% of receptacles in private offices, open 

offices, and computer classrooms

ÅCoordinated solution for lighting, daylighting, and 

receptacle controls



Electrical Systems





Building Energy Management Open-Source Software (BEMOSS) 

Manisa Pipattanasomporn, Ph.D.

Associate Professor, Virginia Tech & CTO, BEM Controls

November 2, 2017
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Improves energy efficiency and facilitates demand 
response implementation in buildings.

What is BEMOSS?

BEMOSS is a Building Energy Management 
Open Source Software (BEMOSS) solution that 
is engineered to improve sensing and control of 
equipment in small- and medium-sized 
commercial buildings.

Three major loads in buildings
Å HVAC
Å Lighting loads
Å Plug loads

BEMOSS monitoring and control:

BEMOSS value:

BEMOS S
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Why BEMOSS ?

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

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

54
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BEMOSS Advisory Committee

BEMOSS is developed in consultation with industry

BEMOSS advisory committee has representatives from 22 organizations:   
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BEMOSS Interoperability

Communication Technologies
ẄEthernet (IEEE 802.3)

ẄSerial Interface (RS-485)

ẄZigBee (IEEE 802.15.4)

ẄWiFi (IEEE 802.11)

Data Exchange Protocols
ẄBACnet (IP and MS/TP)

ẄModbus (RTU and TCP)

ẄWeb (e.g., XML, JSON, RSS/Atom)

ẄZigBee API

ẄSmart Energy (SE)

ẄOpenADR (Open Automated Demand Response)

RS-485

Smart 

Energy 

Profile 

(SEP)

WEB



57

BEMOSS Plug & Play

BEMOSS automatically discovers new load controllers deployed in a building Sensors/

PowerMeters

Plug Load 

Controllers

Lighting Load Controllers

CT30 

(WiFi)

CT50 

(WiFi)

CT80 

(ZigBee 

SE)

ICM

(WiFi)

RTU 

(Modbus

)

VAV 

controller 

(Modbus)

Nest

(WiFi)

Philips 

Hue

(WiFi)

Light 

switch

(WiFi)

Step-dimmed 
ballast

(ZigBee)

Lighting 
load 

controller
(BACnet)

Smart 

plug

(WiFi)

Smart 

plug

(ZigBee)

Plug load 
controller
(BACnet)

Power 

meter

(BACnet/M

odbus)

Power 

meter

(Modbus)

Occupancy 

sensor

(BACnet)

Light 

sensor

(BACnet)

With BEMOSS discovery agent, we know: 
Å The device is present in the building.
Å Device model number, e.g., 3M-50.
ÅWhat the device can do, e.g.,monitor temperature and adjust set point.

HVAC 

Load 

Controllers

57

BEMOSS 
Core
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Building 1 ςVirginia Tech Architecture Building

Å Location: Alexandria, VA
Å Demonstration: HVAC, plug load 

control

Building 2 ςEquipment Bureau

Å Location: Arlington, VA
Å Demonstration: Lighting control

Building 3 ςVirginia Tech building

Å Location: Blacksburg, VA
Å Demonstration: HVAC control

BEMOSS Deployment in Buildings 
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Building 1 ςVT Building in Alexandria, VA

Area: 25,000 SF
Energy: 14-25 MWh/mo.
Peak load:  61 kW

1021 Prince St., 
Alexandria, VA 22314
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Deployment Setup

Floor 2

Floor 3 ðClassroom

Å Thermostats (WiFi)

Å Plug load controllers (WiFi)

Å Motion sensor (WiFi)

Å Environment sensor (WiFi)

Å Power meter (Modbus)

Å 1 environment sensor (CO2, temp, humidity)

Å 1 motion sensor

Å 5 thermostats

Å 1 thermostat

Å 5 power meters

Å 1 power meter

Å 3 plug load controllers

Node 
1

Core

Å BEMOSS core

Å BEMOSS node
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Building 1: Alexandria 
26.8% Energy Savings before and after BEMOSS

Compressor consumption: 8,340kWh (summer 2014)

Compressor ocnsumption: 6,071kWh (summer 2016)

June 2016
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2701 S Taylor St, Arlington, VA 22206 

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

Building 2 ςEquipment Bureau Building
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Building 2 ςBEMOSS Deployment
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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%. 

Note:Scheduled dimming level from 6:30am to 9:00pm. Open office area A: 50%; Open 
ƻŦŦƛŎŜ ŀǊŜŀ .Υ пр҈Τ /ƘƛŜŦ ƻŦŦƛŎŜΩǎ ŘŜǎƪ ŀǊŜŀΥ ол҈Τ /ƘƛŜŦ ƻŦŦƛŎŜΩǎ ƳŜŜǘƛƴƎ ŀǊŜŀΥ ол҈Τ 
Conference room A: 50%; Conference room B: 45%. Lights are off after 9:00pm. 

Month %Savings

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%
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Building 3 ςCommercial Building in Blacksburg, VA

460 Turner St, Blacksburg, VA 26041 

Retail building: ~50,000 sqft
Peak demand: ~160kW
Electricity consumption: 46-65MWh/month


