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BBuuiillddiinngg
EEnneerrggyy  EEffffiicciieennccyy

• 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 (<500 sq m) or 

medium-sized (between 500 sq m and 5,000 sq m). 

• These buildings typically do not use Building 

Automation Systems (BAS) to monitor and control 

their building systems from a central location.

• Need to facilitate energy efficiency applications in 

commercial buildings using a very simple and 

scalable building automation system (BAS).



An Open Architecture Platform for Building Energy Efficiency

BEMOSS It is a Building Energy Management Open Source Software solution that is engineered to improve 

sensing and control of all IoT-enabled equipment in commercial buildings

Monitoring & 
Control

Three major loads in buildings

• Heating, Ventilation, AC
• Lighting loads
• Plug loads

Value Improves energy

efficiency and facilitates
peak load savings in
commercial buildings.

www.bemoss.org
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MMuullttiippllee--pprroottooccooll  
IInntteerrooppeerraabbiilliittyy

Smart Energy 
Profile (SEP)

WEB

DDaattaa  EExxcchhaannggee  PPrroottooccoollss
ü BACnet (IP and MS/TP)

ü Modbus (RTU and TCP)

ü Web (e.g., XML, JSON, RSS/Atom)

ü ZigBee API

ü Smart Energy (SE)

ü OpenADR (Open Automated Demand 

Response)

CCoommmmuunniiccaattiioonn  TTeecchhnnoollooggiieess
ü Ethernet (IEEE 802.3)

ü Serial Interface (RS-485)

ü ZigBee (IEEE 802.15.4)

ü WiFi (IEEE 802.11)

RS-485



Campus-wide Application

…
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Lighting loads
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www.bemconrtrols.com



How to make an old building smart 



Customers Controlling Buildings 
Optimized for Savings

20%

Measured energy savings across deployments

HVAC Energy Savings Lighting Energy Savings 
25%

Improved operations and maintenance: Building automation 
system (BAS) analytical platform enables operators to detect faults 
when devices operate outside standard thresholds enabling building 
operators to investigate prior to device failure.

Occupant satisfaction: spaces controlled by BAS have been more 
comfortable due to more consistent temperature profiles and healthier 
air quality through consistent monitoring of environmental factors (CO2

levels, PM 2.5).



Area: 2,500 sq m
Energy:    14-25 MWh/mo.
Peak load:  61 kW

AAlleexxaannddrriiaa,,  VViirrggiinniiaa,,  
UUSSAA

Building 1 – VT Building in Alexandria, VA



Energy and Peak Savings from HVAC Control
Location: Alexandria, VA
Area: 25,000 square feet
Deployed Devices
• 6 Thermostats
• 6 Power meters
• 1 Li-ion battery
• 1 Environmental sensor

Using BAS, Building Operator saved 27% on 
HVAC consumption alone

Summer Months
(June-July-August)

Compressor consumption 2014
(Before BAS) 8,340 kWh

Compressor consumption 2016 
(After BAS) 6,071 kWh

Average savings 26.8% savings

Temperature profile BEFORE
BAS Demand Reduction

Temperature profile AFTER
BAS Demand Reduction

Base case (w/o WiseBldg)

• Setpoint: 74 deg F
• Energy usage = 2.72kWh
• Max demand = 3.98kW

Managed by WiseBldg

• Setpoint: 77 deg F
• Energy usage = 1.42kWh
• Max demand = 0.5kW
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Oct 2016 Nov 2016 Dec 2016 Jan 2017 Feb 2017 Mar 2017 Apr 2017 May 2017 Jun 2017 AVERAGE
33.7% 33.9% 34.4% 33.4% 35.9% 36.2% 35.0% 36.0% 36.3% 34.5%

An Average Energy Savings Of 35% Was Achieved Through Dimming Control 

• 3 Lighting controllers
• 1 Power meter



Managing Battery Storage

5 kW 12 kWh
Battery Cells



Battery Storage Monitoring & Control



WWhhaatt  iiss  aa
SSmmaarrtt  CCiittyy

Picture from: http://politic365.com/2017/09/01/smart-cities-require-smart-planning-policy-to-benefit-communities/

There is no single consensus
definition of a smart city, but there

is some agreement that a smart city
is one in which information and

communication technology (ICT)
facilitates improved insight into and

control over the various systems

that affect the lives of residents.



SSmmaarrtt  CCiittyy
A smart city is an urban
development vision to Integrate
Information and Communication
technology (ICT) and Internet of
Things (IoT) technology in a Secure
fashion to manage a city's assets.

To	be	fully	“smart,”	a	city	must	be	
“connected.”

https://medium.com/zify/the-importance-of-smart-cities-2a4f7f89a6cd
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Content Here



RRaannggee  ooff  DDeeppllooyymmeennttss  iinn
aa  SSmmaarrtt  CCiittyy

Cities across the world are deploying
technology to gather data trying to
become cleaner, reduce traffic, and
improve urban life. Starting with
energy management, to disaster
preparedness, to public safety, to
parking spot assistance, to paying
bills online, to facilitate emergency
vehicle movement, and much more.



EElleemmeennttss  ooff  
aa  SSmmaarrtt  CCiittyy

A neighborhood in a smart city:
• A smart traffic crossing sensitive to traffic volume

• Synchronized traffic lights for smooth flow

• Emergency vehicle priority access



OOppttiiccaall  BBaasseedd  TTrraaffffiicc  SSiiggnnaall  PPrreeeemmppttiioonn  
SSyysstteemm  FFoorr  EEmmeerrggeennccyy  AAnndd  TTrraannssiitt  VVeehhiicclleess

https://vtechworks.lib.vt.edu/bitstream/handle/10919/31319/ThesisFinalVersion.pdf?sequence=1

Emitter



CCoonnnneecctteedd  
TTrraannssppoorrttaattiioonn



CCoonnnneecctteedd
Transportation

Transportation
___

Connected vehicles and
travelers will be able to share
data with all sorts of
equipment, and be able to
procure mobility as a service,
whenever wherever.



SSttoocckkhhoollmm  CCiittyy  TTrraaffffiicc  MMaannaaggeemmeenntt

Content Here
Stockholm

___

The system allows buses

that are more than a

minute behind schedule to

automatically receive

priority at traffic lights



SSmmaarrtt  LLaammppppoosstt  wwiitthh  CCaammeerraa

Camera provides surveillance and 
locates empty parking spaces

UUSS  DDeeppllooyymmeenntt::

https://www l33tech com/blog/2018/10/25/iot project awarded 75m smart lamp post sensors and cameras that collect a wide range of data



YYookkoohhaammaa,,  JJaappaann  SSmmaarrtt  CCiittyy  
DDeemmoonnssttrraattiioonn

Content Here



IInntteelllliiggeenntt  TTrraannssppoorrttaattiioonn  SSyysstteemm  aanndd  
SSmmaarrtt  CCiittyy  aarree  cclloosseellyy  ccoouupplleedd



What is 
Normal

The New 
Normal





THANK YOU
Smart Energy Efficiency in Smart Cities

Prof. Saifur Rahman (www.srahman.org)
IEEE Smart Cities Week

21 March  2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


