WO 2009/033246PCT/BR2008/000282 METHOD AND DEVICE FOR MEASURING AND
MONITORING The present invention is generally related to devices and methods for remotely
measuring, lg\l]%rg %i/réu% Qd controlling physical quantities (grouped by energy end-uses or type of

;
energy produced% over%lgltal communication networks, and more particu%%Bt%z HENEEEand methods
for measuring and monitoring electrical and environmental variables, such as, for example, electrical
current and ambient temperature The present patent describes the hardware and software used to
perform these measurements, monitoring and control actions. 10With the constant development of the

technology, various alternatives have been develo Jo)e the use of
energy, w E%H@&AN?%V&%W%&}@%%M@M%&@%%M users, the
consumption measurement of energy has been made with electromechanical meters, since this had
peen the only vighe DRE-PLMELEL NG SYOUIRA of BIskROgicel s SXSRIRAGM ypes of meters,
based on electro ¢ es(_: nology, egaﬁ ttb eyuse with a serles of technical advantages with respect
to traditioMiameiEsTSRIAT B A6 ARBF oS @@?ﬁﬁ%ﬁ%’&%‘?ﬁﬁi@%ﬂéﬁégﬂeﬁd?ﬁq'mﬁﬁy cases, with
lesseft degreesot cofpiexity formdusdiatizatiofigital c@ivenniseticonsteimtaskslutish sfatte electronics
technology;inithr)ogs diveise Z0areasiéds Taturaldatihendetiagitalsystems.e)xparienced
constant improvemens in respect {g the.characteristios and.upclions,otenery meters:  Some
documents of other patents present management en rg’y distriqution systems that enable the
transmissiGRIST IS mASoRf FF6R! BREHGTREHISfHCH% Ef‘é%?r&f%cﬁ?%tgﬁﬁél sfgrﬁeggg?also, the
possibilitytbfssendingodhis. metwingewdSopwimeirsations, to allow the control of the energy
distrigution.  The,R1O4605294: patenitescribes: atemote ynantgenpansyistemaiertelactric power

meters intggr%?)g f{ergétc;%ﬁ]g C%%g%c@g%v&% ﬁ{gmgggmegé}g&%@é}%@%wefers to a system of remote

management 0 ower meters In secondary voltage distribution m%rg s{gecifigﬁlly, the
S

equipment recortls the ERLY JOREHATIISN O5tEreeTh s 5D PhhatoI BRde {52 D4

ata
Concentraierstiogdied neasuke eistabeterLraasforeensdthwitusitafionechanisab 0580644-9, it is
presentedsaéechRaleg@béen iemeotesmastagerment af@tectitte negy ofutien cefnsumdsgidiiconsists of a

remqte m%{?&&ﬁgﬂﬁ%???EE'&%&E‘?E}@Qs@&'%w&%}ﬁ&%@%%@, with, s omnstiucire.and a specific

type of remote com ation : . : .
yp series 0? tecr;ﬂnwa advantages with respect to traditional meters, mainly to monitor other

electrical quantities of interest, and, in many cases, with lesser degree of complexity for
industrialization.

Given the constant evolution of the electronics technology in the most diverse

20 areas, it is natural that the metrological systems experienced constant improvements in
respect to the characteristics and functions of energy meters.

Some documents of other patents present management energy distribution
systerns that enable the transmission of information from electronic meters to a ceniral
point of the system and, also, the possibility of sending to the meter of new

25  communications, to allow the control of the energy distribution.

The PI0405991 patent describes a remote management system for electric power
meters integrated into the secondary voltage distribution. The technology refers to a
system of remote management of electric power meters in secondary voltage
distribution, more specifically, the equipment records the user consumption, stores this

30  information and sends it to a Data Concentrator, located near the distribution
iransformer or the substation.

In PI0500644-9, it is presented a technology for remote management of electric
“energy of the consumers. It consists of a remote management system of electric energy
of the consﬁmers, with its own structure and a specific type of remote communication

35  with bi-directional wireless and electrical wires cables for application directly to any
class of eiectﬁcity consumer, capable of managing the consumption, detecting and



35with hi-directional wireless and electrical wires cables for application directly to any class of
electricity consumer, capable of managing the consumption, detecting and signalizing fraud,
managing from the demand side and detecting and signalizing the lack of energy, combined with a full
interactivity with consumers of electricity.  The Model Utility MU7700863-4 describes a system for
monitoring the electrical energy supply at low voltage, which continually monitors the supply of energy
at low voltage through sensing and transmission units installed at strategic points of electrical power
distribution network, identifying and locating the affected area. This information is then transmitted to

the operafignal-tentersdithe nowe tutilittheofapany. side Tne piaterddgPa23 792 degatibes a meter of

warer, 933N EleelClmiingl AR Mm%mﬂ&wﬁr&gmwemm PLC, allowing the

- meter, reading ]IHF% nsf ég central remote compyter sys ing Internet
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embodin@dertzhenpres evpiiyehtion mircegg fronsomines Srtheitorsito fupelantforargking.

measuremapie obliag-elneitcHysepnsymnlaRREisisiliadseciarrd wayascadingre te type of the

electrical aad (gr exeg.nieash.alseiical saupment. andn e flace LLASalpIesl, while the other

held measureme e consume ctrlca 9@@}% eter. on In addition to the

measure TR EBAS HAP IR BFEIRE ARy %ﬂ&@&}a&p@a@ PRHGH A B Ses Monitoring
Center" (EUMC%M&%H&&EQ%%SM@&S@M@I@ vhtaripusaothelequismitiegaet#tdrest, provided
they be %ﬁ@%@dﬁk%ﬁg&ﬂﬁﬁ@&@ﬂﬁﬁ@@@ﬂ%@% M%&&ﬁ&&g atRlatbiadgumidity, the
elecltﬁical § . ppwer lacth Q%P%%rsteAgo odgy&g o g1 eﬂ_llj£ 19ce§CJJchd gn deln has been
conceive %lmlng at the deveFo ment of a tec |caIIy and fi C|a viabl e (low- cost) system for
measuringFHBR RS Wﬁf%ﬁﬁﬁ%h@%ﬁé?gﬁ?&ﬁﬁ@éﬁ%?@onsumed grouped by its end-uses

consumpi$am@iary of Invention

An embodiment of the present invention differs from the others in the state of the art for making.
measurements of the electricity consumption in a stratified sectored way according to
the type of the electrical load (or even in each electrical equipment) and in the place of

15 interest, while the other held measurement of the consumed electrical power in the main
-meter only. In addition to the measures of the consumption of electricity, the developed
system, known as “End-Uses Monitoring Center” (EUMC), gathers and analyses
measurements of various other quantities of interest, provided they be measurable by a
sensor, such as air pressure, flow-rate, temperature, relative humidity, the slectrical

20 power facter, among others.

An embodiment of the invention described herein has been conceived aiming at the development of
a technically and financially viable (Qow-cost) system for measuring, monitoring and
controliing the energy produced or consumed, grouped by its end-uses consumption or
type of energy produced, which can be imstalled in various parts of the monitored

25  'buildings, to measure and store the values of electrical quantities and also of some
. environmental variables (such as, air temperature, humidity, lumiﬁosity, radiation,
among others). Within the basic considerztions of this invention, i is alsc capable of
monitoring, via the Internet, the mentioned variables in each building, uninterruptly, 24
hours a day. A diagram of this end-uses monitoring center is shown in Figure 1.
30 The method described in this invention provides the tools needed to accomplish
~ the monitoring of the energy and thermal/luminous performance of the facilities, in a
stratified way according to the type of the electical load considered, allowing an
assessment of the critical consumption and how each one affects the performance of the
buiiding as a whole. These tools turn possible the sub-division of the buiiding energy
35  copsumption by their end-uses or imic cost centers, so as to determine the “specific
energy consumption” of each cost center, in terms of kWhiproduced unit, kWhim?,
kWh/employee, for example, thus identifying their performance. This tool, provided by .



type of energy produced, which can be installed in various parts of the monitored 25 buildings, to
measure and store the values of electrical quantities and also of some environmental variables (such

as, air tempgigtufey,iyidity, luminosity, radiation, among others). Within, B%ﬁéglmgderations of
this invention, it is also capable of monitoring, via the Internet, the mentioned variables in each

building, uninterruptly, 24 hours a day. A diagran of this end-uses monitoring center is shown in
Figure 1. 30 The method described in this invention provides the tools needed to accomplish the
monitoring of the energy and thermal/luminous performance of the facilities, in a stratified way
according,to the type of the.electrical 1o S| g@i aéﬁ)e ' sesshent afthecritical
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monitored-iadisara Fyodeterhirktf i HeHis tBW%ﬁ'i]@h FRSILRITE SBNTEELEA Tha& Ve current
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50A, an auxiliary. currept transformer, (\z/lvrl]llgg lﬁe%?n@l%rxc%ﬁ:r%tgg Sheis:Nead fogathermith the toroidal

ACGUISHEL TAXIIN T -
transform&F (which heasures the Seco ary current of the auxiliary current transfqrmer). This current

analog sigivsaiaehrBe B HoaE ARSISGFSired SerAthaE it PEaRV e BEBEMEen +1 Volt and

-1 Volt. Thisedanvetsiore it depends on the current range. For currents up to S0A, the current is

25  directly measured by a toroidal transformer with cwrrent ratio of 500:1. To measure

currents above 50A, an auxiliary current transformer, with secondary current of 5A, is

used together with the toroidal transformer (which measures the secondary current of

the auxiliary current transformer). This current analog signal is converted to a voltage

analog signal, such that its peak value be between +1 Volt and -1 Volt. This conversion

30  is done by means of a shunt resistor of 100 Q. Figure 3 shows a schematic drawing of
this connection.

This voltage signal is then rectified and converted to a DC value between 0 and

5 Volt (which is the value that can be read by the data acquisition boards). The element

responsible for this task is the Signal Conditioner (SC) module (or, for AC voltage and

35  AC current measurement, a Signal Amplifier and Rectifier Module, or simply SARM).

The function of SARM is to convert the aliernate signal (with peak value not greater

than 1 Volt or -1 Volt) in a DC signal with full scale range of § Volt. At the end of this



30 is done by means of a shunt resistor of 100 O Figure 3 shows a schematic drawing of this
connection. This voltage signal is then rectified and converted to a DC value between 0 and 5 Volt

(which is the“yg%%%;nggggn be read by the data acquisition boards). The g%%gﬁg&g;ible for this

task is the Signal Conditioner (SC) module (or, for AC voltage and 35 AC current measurement, a
Signal Amplifier and Rectifier Module, or simply SARM). The function of SARNI is to convert the
alternate signal (with peak value not greater than 1 Volt or -1 Volt) in a DC signal with full scale range
of 5 Volt. At the end of this 4 signal conversion process, the value of the measured current is

expressed in terms its correspanding root means square (RMS) value, which.is calculated assuming
ot the e B S B S B ol modules
are, actualffFREGPE %mﬁm}&éﬁaﬁr@s(ﬁgﬂﬁvbm%m%aé@ﬁm@t%dr?@alew%ﬂéyéfem, being

responsiblaieasirdy forrehé dita aegiisiting.andisaidsion of the signals sent by the SCs (the signal

conditioner modukes Xdrossnasitenng @hekariaidiass frthesensing.eleprentdmaigdaiprovide a signal

betwegn ONELAY ALDCIE AR of 48C0 AL esRSAELY, FACHERYE RIS saRalg of perorming

the acquisition.o,f,u&to even anga als and controlli oro ads. In each

g sign O;
network, up 58 CRPIETCHT bgi%’i’éréb‘ﬁﬁ‘ 50 GEdeh otherthredlsmey FRRUSRRE of 896 loads
can be mowitgrie) The imrconne ciiber ofaablsedidghs neaslaqisiagentonwhignicationideetwork (wired or
wireless), fogrexanplentbeaGbMMHRITATe thd etworkaBCAN oFigusesd-presentsaidiagiamn showing how

the intercoppection: of ¥arioks @9@5@%&%&%@9{9%@%%&@@@&%@ @&M&ﬂ% gn| e first layer

furth%cong_rd? sa sooiti(/)aa% r sporg,lbl? for recelvnlg‘?t_he at iIomt € sensor mo et(through a SC)
and forwardiSg e via AT dteraS RE ReSh 45er. i S LGhiArs ReR A5 BIE s PHERHy Sectored
measurenfésts Ak Sasapmeinsriowel 95897 herdbesnb ayetituntaihbatieseRnpratntscand the
required tebhmotizgizniadmakeg a communication network (wired or wireless), for example, the
Computer Area Network or CAN. Figure 4 presents a diagram showing how the
interconnection of various components is done using a communication network.
15 The first layer further comprises a software responsible for receiving the data
from the sensor module (through a SC) and forwarding them, via a router, to the next
layer. This software is capable of making sectored measurements at a sampling period
of 15s.
The second layer contains the equipments and the required technologies to make
20 them work property. They are responsible for, at each sampling cycle, storing the
acquired data and sending them fo the remote database server. In this layer, a special
node of the network, acting as a router (a gateway node), performs the task of
interfacing the local network (CAN), mentioned earlier, to the Internef, to which the
database server is connected. The gateway node is implemented in a board similar to the
25  ordinary node boards, differing from those only because the serial bus interface is used
to connect to a Web-Server, which in turn gets the data from all the node boards
{connected to the network) through the gateway node. The Web-Server sends the data to
the remote database server, via the Internet.
This second layer further comprises a software for grouping the measurements
30  gathered in each sampling instant by their end-use consumption or type of energy
produced, It is also responsible for encapsulating, encrypting and forwarding the
information to a remote database server. Besides the actual value of the measured
quantity, the software also sends information about the channel and the board from
which the quantity has been acquired, as well as the corresponding monitored building,
35 It is also incorporated in the software a facility to prevent loss of information: in the
event of a communication failure (between the acquisition system and the database



90 them work properly. They are responsible for, at each sampling cycle, storing the acquired data and
sending them to the remote database server. In this layer, a special node of the network, acting as a
router (a gateway node), performs the task of interfacing the local network (CAN), mentioned earlier, to
the Internet, to which the database server is conr%rected. The gateway node is implemented in a board
similar to the 25 ordinary node boards, differing from those only because the serial bus interface is
used to connect to a Web-Server, which in turn gets the data from all the node boards (connected to
the network) through the gateway node. The Web-Server sends the data to the remote database
server, viaghginteroetildis seepnetlayenfiihedompyises acsaftwedsation groupingdheeeasurements

30 9ather%@é%ﬁ%%tﬁ%%%ﬁ%ﬁﬂ@%&%J&?&%ﬁ%ﬁ'uSe cons_umptio_n or type of energy produced. It is
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Internet. THEBSE BI&F A software in which the authentication and decryption of the (encrypted)
messages takes Fiteaity, ths fealittating 18thyenivectiondestee Aqkiemetssenderss@wiaeth building)
and the databaseseemhiinithengxt la@ion, phitaliethelfeurizand dastiayeoinserpesates the
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coming from e monitore dings. The control of the on-line access to these data 15
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In this layer, there is also a software responsible for analyzing some variables,

20  among the stored data, and turning them available, in real time, to the users. A special
facility for managing the actuator and driver modules is available, to allow the control
of the supplied inputs. For example, from a local or remote (via Internet) command, it is
possible to turn on or off a particular load, to fulfill a requirement of the user or even of
the power utility company. |

25 Another application of an embodiment of the present invention is the automatic treatment of the
data turned available to the building energy managers or Building Energy Conservation
Committees (BECC), since the raw measurements, usually, does not provide the
necessary information to yield appropriate corrective actions. Since the members of the
BECC do not necessarily (and usually do not) have the technical knowledge to

30 undersiand the data as gathered from various loads and parts of the buildings, the
relevant information is extracted and presented to the user in a more appropriate way
(trend charts, histograms, real-time plots, correlation and so on).

For this embodiment of the invention, the CAN protocol is used to build the message frames and to

implement the functions that are used on the upper communication layers. The message

35  frames comprises, besides the value of the measured quantity, the board (and
corresponding channel) in which the measurement has been taken, as well as the
building it came from. With the availability of this i'{:aformation in layer 4, the task of



20 among the stored data, and turning them available, in real time, to the users. A special facility for
managing the actuator and driver modules is available, to allow the control of the supplied inputs. For

example, fr%azl,gg@gﬁr?gemote (via Internet) command, it is possible to r}/gﬁz%sg(f&?ﬁarticular load,

to fulfill a requirement of the user or even of the power utility company. 25Another application of an
embodiment of the present invention is the automatic treawent of the data turned available to the
building energy managers or Building Energy Conservation Committees (BECC), since the raw
measurements, usually, does not provide the necessary information to yield appropriate corrective

actions. Since the members of the BECC do not necessarily.(and ustislly.de not) have the technical
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upper.communicatio Jhe message.35 frames comprises, be g,V the measure
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confirmati&rl}1 Ogsthﬁﬁ’gﬁ'ﬁﬁ%@%ﬁ?‘é‘ﬂ igseoriaqu is requested. Similarly, the user has at his disposal the
facili% of corﬁrolﬁng a particular foaésr&urn'in%it on or off, for example). 5The MCP2515 integrated

circdiis the conidiraRY pbShERASRREH B GRTCAHBFY iFPTRE € ARMLER SEBRFSINNG the information
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micro-conttSEPTRe I RS HaI 0 BHEGTTRESE' M eSS Yedu ety

A a hew ?neéasurement,
whiclf aftepipesticot et thdadignst fommerisS8nres e e metesEUMTASR AHSVEE &ch monitored
building, theigeis: & AHCELWEDsaNE! Td@stinait iisiistoestablish @waled b dediddion to the
remote dafghase. saryer. Qaly registerad Weh:Servels are. AR ad 42 camest 1iheiEUMC server. To

do this, the application rog@m (running in the EUMC server) exchange information with client
programs (IR YREWER servers) using a cryptographic protocol.

The micro-webserver used in the reported applications is equipped with a 32bit

20  CPU (a RISC processor), one 100Mbit/s Bthernet, one USB and two RS-232 ports and
with 16 Mbytes SDRAM and 6 Mbytes Flash memory. Its power consumption is
typically less than 3W. The web-server also is responsible for keeping a copy of all the
measurements taken in each building until the database server certificates that they are
safely siored in the database storage devices.

25 A database management system, DBMS, provides the functionalities for both the
web-servers {which send the measurements gathered in each monitored building) and
the users, each with different requirements. The task of the DBMS is to represent the
data in a format that is meaningful to the user, itrespective of the way the information
has been stored in the database devices.

30 Apart from being encrypted, the transportation of the data from the origin
(measuring point) till the DBMS follows a systematic procedure, a special handshake
protocol that is established between the webserver, the EUMC server and the DBMS.
Under this protocol, the integrity of the information, as well the details of the source of
the measurement and the actual time it was acquired, is checked when it arrives at the

35  EUMC server and it is only sent to the DBMS if it is really consistent. The protocol also
makes easier the identification of the source of the information (building, board,

channel).



The micro-webserver used in the reported applications is equipped with a 32bit 20 CPU (a RISC
processor), one 100Mbit/s Ethernet, one USB and two RS-232 ports and with 16 Mbytes SDRAM and
6 Mbytes Flash memory. Its power consumption is typically less than 3W. The web-server also is
responsible for keeping a copy of all the measurements taken in each building until the database
server certificates that they are safely stored in the database storage devices. 25A database
management system, DBMS, provides the functionalities for both the web-servers (which send the
measurements gathered in each monitored building) and the users, each with different requirements.
The task of K&?é@n@%%ﬂén%f %%?@@ﬁttk}ﬁzgﬁﬁi Rad ﬁ@&m@dﬂm{@a meaningiuldadheddsaeriFespective of

the way the laformaion. s been slaied e daiehase avicesaARert i peing grorypled, the
e da a

transportatlon 0 %% easurg}g%%om t) till t BM fo s asystel tematic
procedur8TFEHEY tIhﬁaﬁ‘?d Fi&estIbiEh fﬁl%‘e‘fV Aihe W ser(\D/er € EUMC server
and the DBMSWUhdemthiy proteeot, thesatsepty ShenEiRIBIiatPol MSWEIFTBEBefils3Y the source of
the measyiementanddhe aptipdd thnedtwasaestieds isobeckethaheamiy ambeeamatigds EUMC

server and jt V. RBMSit I asier the
identifi cat%)én %F % %%glﬂ?g gpﬁwe |ﬁf§r rélga%ioérﬁﬁ zt?flj%}lﬁdlc%ﬁ aﬁ%mé?eTﬁgé%%I?ﬁ%ﬁgS@n%%g?iﬁnt of the
a

present iSO TS Bedl COREER 804 HiBettHET nagérs oFVbuH%Sngs that are
developinyeogrmmentorimereats biitiibigse netyeafiefonty e @%%@@d‘fﬁﬁé@%ﬂ
Programsiuﬂ:mcmmﬁ@mﬁsﬁwdeﬁg& eadnawrhenensrgyris-spérihisinadessdryodbes EUMC is a

low- st tem, of IIa|U ngigfsi late; sensors.efpecessary type
~and ggnge%r?%’feg%%%er%%ﬁ bui n?lggt be m%%e %SE@PQ%@? pllg,\{:trlca];jg3 epltﬁ{voltage and

power factFe iRV ER G SR RIRN as well'as measuring
environmentey dréath| fsr stietrpis.i mmms@dm@nfdb@mﬁmamaa}ﬁﬂ%my cEFBIEnt luminosity,
solar radIM@aﬁﬁyegﬁm@%bwmmta@agqpuﬁ@gmé(k&mqlammmeﬁ) ‘Bmang others. The

measurerepts o pouer consBIRNAgE UL ke DMenialiay ablen i thergstabishment o

cause-eff&ctr S among or example, the depéndence of the air-conditioning load with the
extetAal aRaRHFIRETIPEHY ?—Bﬁ‘%@ﬂflfg&@f&?ﬁ%lth the solar radiation, and so on. Trend graphs
are then used dd‘kareuagmhmamgmn(mwmmg cHmulsipadrnaray ﬁélpsﬁﬁéa@ﬁ@rﬁg?%lﬁ?&ﬁhger to

establish gplanpiagfan theuwvhele dasugh The WResgW sIRNEGE s (nambersakB uiltdingnEnergy
Conservation ¢omm '“%%%& nave 3¢ %ﬁoéas'&ﬁ% id 3&%“9@&9? W&@e‘f&é@é%&%ﬁ%&éﬁle measured

data and &Faplﬁlcal represen lon of ¢ parat nal S| today-yesterday.c nsumptlons) since
all registeFdiFti88r SEAHEERE WNEP £7RIy78 ﬁﬁ’éll?ﬁ Fradoh @%F&%‘?ﬁ”ﬂh%@é g’e detmbase.

20  From this remote access, the user has alsc at his disposal facilities (resources) to send
commands to drive the elecirical loads, such as turning on or off an electrical load, or
even, changing the speed of a comprassar motor, for exampie.

Therefore, this embodiment of the invention has the advantage of opening up new possibilities for
effective monitoring of the energy performance of buildings both from the point-of-

25  view of energy efficiency as thermo-luminous comfort. Besides the possibility of
grouping the loads by their end use and according to their location in the building, a
method for analyzing the information is provided. Based on statistical (actual) data, the
analyses are made available along with the measures made online. The "user” has access
to this information from any computer connected to the Internet and with a web-browser

30 installed. Such monitoring, made in continuous and stratified way, allows a more
realistic study of the energy matrix of the building for confirmation of efficiency gains, -
in the manner required by Energy Agencies, providing the means for instantly spotting
and eliminating any excessive energy consumption {waste of energy).

The same occurs when more compiex analyses are requested. Special plots and

35  tables are generated by the application program and supplied to the user in a web-page
format. Various options have been already implemented to show the data in different-
formats, such the screens depicted in Figure 5. These ‘?pﬁons can be easily incremented,



-20 From this remote access, the user has also at his disposal facilities (resources) to send commands
to drive the electrical loads, such as turning on or off an electrical load, or even, changing the speed of
a compressor motor, for example. Therefore, this embodiment of the invention has the advantage of
opening up new possibilities for effective monitoring pf the energy performance of buildings both from
the point-of- 25 view of energy efficiency as thermo-luminous comfort. Besides the possibility of
grouping the loads by their end use and according to their location ih the building, a method for
analyzing the information is provided. Based on statistical (actual) data, the analyses are made
available along ffRn¢iag@athdregrfisube esks o The mesdierpthduikbng s Koethisnipifogrnatioh from any
computer connebteddtddhddsie inethandawithkmgveln romssr tBO gostalte de Suekumdnitdrihg, made in
continuous and d&isatifiechwedintdlevusa more realistic study of the energy matrix of the building for

confirmation of efficiency,gainssiRb e MMAnRek BRHLER Y. S anAdenciss,Rimdding fhe means for
instantly spotting,and liminaiing. Y Sxfessie snelpsonsimplion asis ol nerai)he same
occurs when more camplex ana é/tsels e re@ueite = euajfrf) ots.and 3 élﬁ) esare generated by the
application progfar ahd Sipphélito’ the AREY oA Ran® Sr?ﬁ%d[?"\?ﬁﬁd’@ SPHSASASYE been already
implemented to SABW B HatS U SifrePeHE aihatsnet drbendyr disvdbaasidion theitigarer®: These
options can be égsiRhineiatetveed, sSleeperdingboivthbaparticutar! reeds. of ttemioditored building. The
sampling periodmshizatd:izegghosen by the user taking into account the quantity be measured and the
desired type of informalianoainT e, MeasHHRG. RV ariamART EANttOIg SYste B &fiangmbodiment

of the invention is suitable for applications in residential and commerci dings, as We?ras, in

industrial plantsMeTateapaBd SravsriiiBargere Srouuamivo s Batdibar of SmErsroReR-IAGYS sources,
?pﬁciallylthe )onﬁ§ imﬁiﬁ,eeﬂmpli@m@tae@t(w wwfcae@tﬁﬁ@him@mem Mﬁdiﬁlé&f%}zhe%@@rlfg&@@y "
photovoltaic), thermal energy, ar even hydro and nuclear energy. . . According to_a first aspect of the
invention, there @E?eoi\l}id%% %e\%ﬁé fSFq%)%nﬂto??ﬁ&t and é%ﬁﬂ%%&%h&gf%&%n%%ﬁ{}ﬁ%y End-Use
or Energy Ge_nenatiiw&ﬂ_by Tyoescgomipnsiny dubetaof demiges subadivided inddule imtéreahiected layers,
wherein the firstlgyereincludg.atieastionasenso fﬁgﬂu&sasﬁwaln%mwO{M@%égfe&;'f%py%data

acquisition module, a command and actuation module and a driver module capa erforming both

functions simultSHEBHLSY;AEeEBHe Riet EERpAEde A TeposeRle farbcittutensy tarll responsible

for the interconneetiosn DTN IbgakCAN lausie; the: |oipanatdhesthickiayer Gampiises.anpternet server
for authentication %nd rece tiorg1 of the.data.sent via the Interpet; and theé&;ﬂthil{a%%lcomprises a
Bt cﬂb ST

database server o Saing the mesaiay Juisohaa 579 31 Ao rlsihsiy & dW&online
access to the dataramideperfdaiaims rambefoofsapplicdtiomfanctid nsdotiroead singmflitweistored

information; whegig daia fGRESEEORIMPRE QB HICLREH o 1 LR 6 OM AP aHgtity

measured by sensors or data on the various sources ofggenerated energy Is grouped by its type from
any quantity me¥&GHeasfTeilaressing RcHieint it BleBndisRperksrihedveAioftRTe is

provided a MethogsdanpdonitogingmadContling Energy Gansuwmptiaarby Bnadildse oF &nergy
Generation by Tcxpgl,ethgn rgluestgggrc%cs)rg rieslilg tlégigge? d%}/icr(-%ua§3 (ggsgrgt;fedehferein to measure energy
consumption grouped%y end-use or tomeasure energy 6en Fation toyyé)rourffg’tzl"ﬁtl}y %Sflgccessing
stored data in graghicad farseniereal time, upon command by the user.
According to a second aspect of the invention, there is provided a Method for

Monitoring and Controlling Energy Consumption by End-Use or Energy Generation

by Type, the method comprising using a device as described herein to measure energy

consumption grouped by end-use or to measure energy gencration by grouped by

type; accessing stored data in graphical form, in real time, upon command by the user.



8a According to a third aspect of the invention, there is provided a Method for Monitoring and
Controlling Energy Consumption by End-Use or Energy Generation by Type, the method comprising
using a device as described herein to measure energy consumption grouped by end-use or to
measure energy generation by grouped by type; subjecting the stored data to an analysis tool that
allows the comparison of profiles of any measured quantity obtained on different days or of different
clusters (grouped by their end-use or type). Accotdling to a fourth aspect of the invention, there is
provided a Method for Monitoring and Controlling Energy Consumption by End-Use or Energy
Generation by Type, the method comprising using a device as described herein o measure energy
consumption grouped By 8§18 &%} I?%égéeﬁFé’gF%rw e el o b%/pé?&%gdl YR RUbjecting the
stored data to ahamalyisis 40d|Chatrallmgy $ tlecz psSsessmpintobihEnddiermahoexyf thadmonitored plant,
as a whole, andihe el ARG SHICRIRON By ic. LAEQINNG o8 TIINARELL AL invention
there is provided'a et’hpd for Monitoring and Controlling Energy Consumption by End- Se or Energy
Generation by TiFeutHSoReEHBE b M ARThg e SihPaithasice saetseapEaarbin gowmeddure energy

conStérr&ption gr@ﬂﬁ@dllt@;yeeﬂ@gluﬁae Gﬁo@dmﬁﬁ;sw&%}%&%g%@gaﬁlﬁ’inalﬂgﬁ@§%ﬂ%ﬁ%a§¥#ﬁ; @yt?je_cting the
store atatoan a SIS tool for characterizing the monito t Yy cause-and-e ect relations
betnoon the coRCMBIOLBY SPEEEHLABE S U AN T LR SR a1 o i B RIB.
EXAMPLES _ (gthaph:ﬂ/?bmlmirmmheebmmenmder.stood.by reference to the foII.owing. examplgs, which
are to be considered as,lstiali4g RMRIPISRENLIEHAR R SRS IuRRign dpscribed

herein. In the following examples, 1 to 3, some possibilities of the End Uses Management Center are
demonstrated sREWHRIRORPthE TOMIOHELBBE R AseaRE Hehy donstingeds ¥psrarfage®idenergy and to

save energy. 8y BpSARIRTHINOpFkiFMETHQBANR QEfkE REW @ESasud Mmahod and
device for measuring, monitorin rBd cc)éwtrolling that com risesasettof (}gui ments sub-divided in
A LSRG BREFBOURTRY JSABL R A MBS RE R able by a

four interconnected ayers, eap
sensor), by endsubgaogsthmptiordrdsiz the typaaligienerdtdehenbogy. the Bredirstdaydr demprises the

sensor and drivegglementsJsed RnmsasUg of saneplingdhe oadaAndaenaelegied variables. it

comprises a sensor module, a signal conditioning module, a command (control) module, a driver
module, being a1&6f performing both functions (measurement and control) simultaneously.  The

maximum current of thevleashinsbe maniiaigddsgssentialhiortersninedRyha bugdayehish this load is
connected. Thu%IthicurrenEt Q&z measure itbd ends on the current range. For

nionng an fglﬂnerElzjzg? d t&) t (? ng g‘ (? 1
currents up to 50K RS S AEht IR e R ass reg By S S AP tansShmar ity ElFraiPratio of
500:1. To measla)’e}F m¢r§mm§w¢a@@p@_simgauaidﬁarﬁmetntdﬂmhmimﬁhnsmmmwrrent of 5A,
s used together il {5 JRroidal RS OIMEIAPIEh MEASUTER 10e SERARMAN,PUTRRIAY fhe auxiiary

current transformer). This current analog signal is converted tg a voltage analog signal, such that its
peak value be bERpedPiei8thentiorsd At thrnrbeisiteidd e By srigan s Bukimtdesistor of
100 a Figure 3 shawspacaakemdtigdiaviagoat thisseenaectiatumpiddisyvelage:sigvakisthen rectified
and converted to BFC value bet\{v?en 0 gnd .Volt (which is the value that can be read by the data

.. a] envirommental or 103 conartions.
acquisition boarcPs he elfemenl}

EXAMPLES

The invention will be better understood by reference to the following
examples, which are to be considered as illustrative of the present invention but do not
limit the invention described herein. In the following examples, 1 to 3, some
possibilities of the End Uses Management Center are demonstrated showing how the
EUMC bas been used to help consumers to manage the energy and to save 'energy.



WO 2009/033246PCT/BR2008/000282 9 responsible for this task is the Signal Conditioner (SC)
module (or, for AC voltage and AC current measurement, a Signal Amplifier and Rectifier Module, or
simply SARM). The function of SARM is to convert the alternate signal (with peak value not greater
than 1 Volt or -1 Volt) in a DC signal with full scal8range of 5 Volt. At the end of this signal conversion
process, the value of the measured current is expressed in terms its corresponding root means square
(RMS) value, which is calculated assuming that the measured current, after conditioning, is sinusoidal.
The data acquisition an]d%ﬁﬁ&lﬁﬁfe}l\éQE@BMEWZIBQI%WPQFOWE%SF$1etwork, each
representing a node of thexsyistemnd keitg fospeasibte. mainlyriap te datacdlthaceuiisitgriand
conversion of the signals sent by th s (the signal conditioner modules)..For monijtoring other
variables, if the saeﬁgirr}% %ecﬁa? e%%{fssg %‘{Ig gp&;g\lligqenanéfgr%% egtt?/vc{efg%eﬁ’a%a a&‘%’ %ST:I:,' Cfﬁlél se of a SC
iS not necessary AEhERHOEE EaI sIsapisie (ofpayrdimbyop throseh tisitighust yprtorspiemanalog
signals and contigling{n ArefdHRJQR/gads. In each network, up to 128 node cards can be
interconnected to 15 each other, meaning that a total of 896 loads can be monitored. The
interconnection of the nofelT FISTEMES snimeeticatlsHinensismenrinabfon mersEg gor example,
the Computer Areadyetoltitl eicQAds Figwad presets.atiagranishening bawothadaigrconnection of
various componentsa' Cg)gc%% éjn%n a comm rgunic%tignr%h g{g\ﬁv{ggl% I'Il'lggu iéstﬁ I%ﬁr furth&ar c%m%rises a
software responssljlgﬂe or recelvm%)g%e ata 20 1om sensor module ( 1roaﬁ]g 0alg‘st) and forwarding
them, via a routetbioafeereseizy et tofvaresiscompabid ofmmalkinydeotorstymeasurements at a
sampling period of 15Sy,. yRg-SeEONLRYSIRABIAIRD G SRS RIS AR R (GHiRd technologies

to make them work properly, They are responsible for, at each sampling cycle, storing the 25 acquired

data and sendind"h&# fotRishdrors distsprasstek /se: Rk R R e pae 3 HbUesrsHe network,

acting as a routef: (dcpateway tedelrperianms the asteakinieacog, the: lecatnetwarkdGAN),
mentioned earlier é&’sé?% Iglterpoeg,. ol\évrgrilc ;t%e da?base server |e§ go r)llr]eﬁ?ted. The rgateway node is
implemented in B LR I SrainaR hoae BOARIS Sy n(é‘ on TREEEE M BEEause the
serial bus interfagkois Uded 30 toxconpevttabitefBeryeifwhichdarturnrgetothtidatarfedm all the
node boards (copnegied Ionhe nearRIRHAR eeaGAYAde. TNE MIEPRENEL SRS the data to

the remote database server, via the Internet. =~ This second layer further comprises a software for
grouping the me A8tHBREHEgatBsrRrBadhis SHPTH GiARstasy tHeoaYRItgh & corelizaption or type

of energy 35 proghiged. sisplsedespansibiederancapsatingnencrypiings-and feryarging the
information to a remote, database server, Besides the actual vaI#je of the measured quantity, the

software also sef it fATSTHIAIGH S8 SUHHhe LhAMRETSRPERE bihty FPgHie 1¢hows a schematic

drawing of this connection.
This voltage signal is then rectified and converted to a DC value between 0
and 5 Volt (which is the value that can be read by the data acquisition boards). The

element



which the quantity has been acquired, as well as the corresponding monitored building. It is also
incorporated in the software a facility to prevent loss of information: in the event of a communication
failure (between the acquisition system and the database server), the gathered data are locally stored;
once this coMfhefiit&tid#f is restored, the 5acquired data are sent to the BEHRRESAWEEZ  The third
layer is responsible for the authentication of eachoconnection to the database server coming from the
Web-Servers of the monitored buildings. The database server may be physically distributed in various
locations, being in the current stage interconnected through a safe connection (VPN type), as

illustrated in Figure 1. This 10 layer fyrther, comprises ternet server responsible for. receiving mid
authentica%rlgrﬁ %n%éﬁdﬁa{%rg%)lrsn%sgkf%%i%% Ie%?‘?é_ .nf’%neerre%gség_l%’@i%?ﬁ’ﬁa{%r 'rﬁ@vﬁ?iﬁ%@néiuthentication
and decryptioFBIIHEEHRERSIRY) mesahdeplids pricRestifisn Mrfhtngirenepiseehdh between the
web-serveidigobeetoim miilgiig) andithecdatabhsebernes @ipthe (et leykrdRinally, ghatfourth and last
layer inqorﬂ@fﬁtﬁcﬁ%@qlﬂwf' hmﬁmw*@i@gﬁg&@%@qﬁﬁfﬁz@%@%ﬁRfaﬂﬁik&l@ti@[?‘i{%of@&_ %O_I'Eir‘])n’ ! of
processin e data.coming from all the logds in the monitored buildings. The control o
the on%-lings ?ggg}s}q{ﬁﬁgseﬁ Hﬁ%sﬁt\%ﬂv%%gcﬁéh\% e%sr%%gla?ﬁﬁﬁeﬁse%))ﬂlée?%%dfeniﬁe II%?yer, in which
the stored WESRPBIRAIOL PEMY protas By Hbapphichibniodimed rsvratdeibsct from them
the relevamtépforaationntT afstayedosmpdsesstiessgtbf web-servers (typically, one per 20monitored

building), the appligadion sefvieradiie dalaDASIEEI VR, actudhinlaVET . fFa s RISQ.A Software
responsiblgfor,analyz] %%%%&gﬁ% ablas gaen i & Sieigd %g%%ﬁ%@é%iﬁfu hem.ayaiiable, in real

time,ité) the usets. As i?C|a or. managing the actuator er modules'is available, to allow
the controﬁ‘é‘i‘fﬁélgﬂp?ﬁ oS TRBTRE R o e bRk offth fBEdior Temdtbe(igtaterrRditiedfimand, it is
25possiblenedtiea ofce mefhuosing ciker loathtiosiuifitte reqsitemientowof theabiketcopeveis af the power
utility compignyl B:MEASURING EXAME LES30ERamplesA-ReadsRersiinentolthe Minas Gerais

State - DERIMS or plitchepdsalters e RAAdLRepatment ohlfe Ninas Gerais state - DER-MG

. 1042 (011 .
-isa com%lrex f bulodg?gos wit dlffeéenttch racter_lssﬁiégﬁ. A 1[er a few meetgg% an V|§|t_ of the technical
team of the 8 BroietWitt (RECCOHSERY b Fesefitafife AR FBraSrERRFATRISIESCal loads to be
monitsred SkEt& Geteneiib, Brt ayieiapet 43¢ dusigseehd BBusesed Mbndnthmemitreie ard the cost
centers basedalreivengyeanthusescsuahmsilightingoalavatetscandaicconditieningangdhe cost

centers basggRResnecAhoLIcing SIS, Figure 4 presents a diagram showing how the

interconnection of various components is done using 2 communication network.

The first layer further comprises a software responsible for receiving the data
20 from the sensor module (through a SC) and forwarding them, via a router, to the next
layer. This software is capable of making sectored measurements at a sampling period
of 13s.
The second layer contains the equipments and the required technologies to make
them work properly. They are responsible for, at each sampling cycle, storing the
25 acquired data and sending them to the remote database server. In this layer, a special
node of the network, acting as a router (a gateway node), performs the task of
interfacing the local network (CAN), mentioned earlier, to the Internet, to which the
database server is connected. The gateway node is implemented in a board similar to the
ordinary node boards, differing from those only because the serial bus interface is used
30 to connmect to a Web-Server, which in turn gets the data from all the node boards
{connected to the network} through the gateway node. The Web-Server sends the data to
the remote database server, via the Internet.
This second layer further comprises a software for grouping the measurements
gathered in each sampling instant by their end-use consumption or type of energy
35 produced. It is also responsible for encapsulating, encrypting and forwarding the
information to a remote database server, Besides the actual value of the measured
quantity, the software also sends information about the channel and the board from



11 such as: the restaurant, the carpentry workshop, the building of the Department of Public Works -
(DEOP), etc... Analysis of loading between phases - An analysis of the data gathered by the

apparatus dgseohgdn, fhis invention, after been installed in the headquaf,tg%g%ﬁg?agﬁ 5 building,
2"6 fl

demonstrated that there was an unbalance in the phase currents of the 1st an 00rs circuits.
Figure 6 shows one of the analysis options (loadlfdaily) the user has at his disposal and the type of
output selected (line graph). With this analysis option, it is possible to check the electrical current
unbalance, determining the times of the day it occurs, thus helping the energy manager to redistribute

the loads. S tesbyicians atd BRRJmRded sataneleqical Aistintion due upligse © overload,

as shown in Figure.6. In the case of DER building, 24 loads / sectars (three-phase Circuits) are
being meagdf*e 5 DSPRIS RS d%?hsé)%‘lﬁﬁffnag. WBF%FS@B‘%&%I&&% % PERAECE S Bfe loads, can be
requested BSOS it spPEBNaLeA R alNEr P eiBisst it apApisHEIR susism EBdvilks sbbashoices of
graphical aeitpails thgiarkereilldiateates ibextigssitiradihoacbahgraphseldciadas thetgraphieal output. Itis
observed, iafhis figate,-that6:9fthei24d0ads 4 sectors account for 50% of the consumed energy.
Among these Ioaflg it;h%{sd orth of noting tlgFt reﬁgair-con itiQEning ystehms. On$ of %he loads
responsible for the higha's “ehetgy CoRSUMption 1 SR B GG at does bt Befng to the DER;
it is simplyd3ePass iHfeEpoaEne ’@(%ﬁiﬁ@ﬁ?gh%ﬁftﬂ@féﬁﬁ}éﬂfﬁ%ﬂﬁﬁééeéfbﬂﬁ@l?@T%éﬂfébﬁéeprovided by
this inventiernvedl ovet e gaigsiletion dbthisredeny ywaonsuined: ystHeDE @Pfhescuednasitig=electrical
demand, thus-thadeiermiralian.offe.pryment f@fﬁﬂ%ﬂ&[%@‘ﬁfﬂé‘mﬁ&i%@%@@ @egpynt all the loads
of the puiding, The, sneray,consumption.ean also.be prorated according to the da of the week, from
which the amount 0 ener yspen} uring the _we@ﬁ can be compar(‘aﬁd?f)1 he oai_[. !g%re8 illustrate
this analySesirreHBw R HAE FirtRsTodmaRds e roERERJBsTRIsTeReraYRalsaHBtion during the
weekendsand dgomatyisis of tie (Freguénbynofs@gentabnr@iacehéhenerdyisiippticcantractss based on the

profiles of pagweiint demand salcilaies BhamentidyikRagisaiayesthelesspenbyaiistpgram of the
él 30 the ercgnta%e. c%f gccurrences in
TPMm. | als

occurrence freq of actual de Is capable of indicati
uﬁﬂ% HE Xt %}%ﬂpgﬁ?&ﬁﬁ ggfgora Sﬁl@ & hecomes clear that

the selected ranges, ng at the Sain this 1‘2|1<f:’furet

$ exemplifie _
the glréateémgﬁaﬁﬁaspaﬁ@@fﬁr%gé%%s% RERES er R @ BT Onife 19889 BRI BEMNg all demands
of the anahlkde neeithn Als: theowomeddatitemdid ©fixebdiisitondiendtheshighbstrdatge, it can be
concludedthwdthe entketas semandicould bedoweresiswitkihe aidiaf asinple Bk damand
controller gr gyen with l{}? ntodyctign Qé dmipistatve pracedures. 0. hg givengexample, the
contracted demand co §?be red%ﬁ:é% fr ﬁ? the clugre t7§6%\xl 1 as Ilét}ﬁeaas%%%kﬁg
reievant mformation. This layer comprises the set of web-servers (typically, one per
20 monitored building), the application server and the database server.

In this layer, there is also a software responsible for analyzing some variables,
among the stored data, and turning them available, in real time, to the users. A special
facility for managing the actuator and driver modules is available, to allow the control
of the supplied inputs. For example, from a local or remote (via Internet) command, it is

25 possible to turn on or off a particular load, to fulfill a requirement of the user or even of

the power utility company.
2 MEASURING EXAMPLES

30 Example A — Reads Department of the Minas Gerais State - DER-MG
The headquarters of the Roads Department of the Minas Gerais State - DER-MG
- is a complex of buildings with different characteristics. Afier a few meetings and visits
of the technical team of the EUMS project with the company representatives, the more
relevant electrical loads to be monitored were determined, and grouped by energy end
35  uses. Among them, there are the cost centers based on energy end uses such as: lighting,
elevators and air conditioning and the cost centers based on special building sectors



WO 20091033246PCT/BR2008/000282 12 Stand-By Consumption - An analysis of the daily load
profiles of the air-conditioning of DER indicates that the current values in stand-by modes (about 88A)

are relatlvelm% ggmlpermg the total energy consumption, in the perloidcg Iﬁ%%%? mélﬂths the

stand-by mode represents 46% of the energy spent in the floors where it Is 5more used and 73% in
the higher floors (where the air-conditioning is le$$ used). Example B - Center for Hematology and
Heznoterapy of the State of Minas Gerais - HEMOIVIINAS Another building being monitored is the
Center for Hematology and 10 Hemoterapy of the State of Minas Gerais - Hemominas. This unit is the

largest centrad %llqﬁg%@ﬂgﬁgjoggg% condm gl?%%ﬁl%’éj g&gyggv iﬁ{f ﬂi‘%%s%lﬁed %}/lunas Gerais.

viromnents'in the spa collection

The use of e ism ense in al

and proce§) E %8?55@%1@}1 @6td chambers for storage of products. Changes in inventories and in
the external tempraliitts hbleadisiatiaemipmsenn thegealysisoxdbe Totetzsthethd nflbence of the
outdoor temperaiu dedhébEUNMGipiavidesspdeiabsautinedisd whichia chiiglatiosr el wean the load and

me alrstetmpﬁf@ﬁ&gtedaﬁ&{&d blishethigyea,10 ﬁib%m%&kt}f:‘ %&E%&%ﬂtgfo%%q@ Jaxt?é a fuf”tﬁ'on of
e variati dl outside air re as co ds or e d nd systems of this
invention. Ozﬁo LB e fﬁ&f@g a‘@s VLTI %% 15 Op (ri hééisﬁe%fﬁ?}/ mption of the
headquartéf }é‘tﬁlﬁﬂﬁﬁﬁsél‘ @@W@f@%@@g&% éﬁ@?@%ﬁiﬁhﬁﬁlﬁﬁﬂ% ﬁ%%ﬁlﬂﬂﬂ%@éﬁﬂ@},@ recorded by
three commgraisibinéterse(indaet Etiti2] t8)-Factbanacef ﬂemmﬁr@ﬂ@n&m forimadaguting (_jlfferent
25 loads oaéeﬁ%p%gq@ﬁ%@t% efa tﬁﬁﬂh}&ﬂ@@k@ﬁ&ﬁ@&@%%&@ﬁiéh&ﬂﬁ&%@@?rgy IS
compﬂts:ategﬁg%ea%s e(ﬂnthe [ 'bc'a%()f' {I;]Itll om the av ilable s dIVISI%,n the share of
each end use In the comp on Gtiie 1630 Curvésd tglne O ﬁ]éor% t&7S! ngé fents of the
invention \Were installed in th|s building and, together with the eX|st|ng meters, have been enabling a

more detailed studytlof the: effdtzRob@0ivad S monitoreddvthélelecticat demdant anddnthe energy
consumptiafatibe BUilgings parboostat mmﬂmltﬂrmiaf&@%ﬁérgy%@mé@ﬂ@éf%@tgnﬂ@e CEMI1G

e e e e e
are in alleevene vator are‘considere the oa arcon onlng system, the

larges? cortdiisinss ?Gi/?lfn Y ﬂﬁmﬁpq*ﬁelfég%eaf’sé? strates the result with a bar graph
selected as the graphical output. It is observed, in this figure, that & of the 24 loads /

sectors account for 50% of the consumed energy. Among these loads, it is worth of
noting the three air-conditioning systems. One of the loads responsible for the highest
energy consumption is the DEOP building that does not belong to the DER,; it is simply
20  an independent department that uses the facilities of the DER. The tools provided by
this invention allow the calculation of the energy consumed by the DECP, as well as its
electrical demand, thus the determination of the payment for the prorated bill, by taking
into account all the loads of the building. The energy consumption can also be prorated
according to the day of the week, from which the amount of energy spent during the
25 week can be compared to the total. Figure 8§ iliustrate this analysis option showing that,
in this building, there is an excessive energy consumption during the weekends.
Analysis of the Frequency of Occurrence — The energy supply contract is
based on the profiles of maximum demand caiculated in a monthly basis. Nevertheless,
only a histogram of the occurrence frequency of actual demands is capable of indicating
30 the percentage of occurrences in the selected ranges, as exemplified in Figure 9.
Looking at the data in this figure, it becomes clear that the greatest demand range
presents an occurrence percentage of only 1.68% considering all demands of the
analyzed month. As the contracted demand is fixed just to attend the highest range, it
can be concluded that the coniracted demand could be lowered, with the aid of a simple
35 demand controller or even with the introduction of administrative procedures. In the
given example, the contracted demand could be reduced from the current 730kW to as
little as 470kW.



35doubt regarding the power factor of this load and, in some situations, there may be problems of low
power factor, 13 In the present invention, the power factor is determined from the electrical
measurements of current and voltage, taking at a sampling rate of 3.84kHz. From the sampled values
of instantanebtSWféHtand voltage, the instantaneous electrical power BCERRAEI0AE2Well as, the
average power and the corresponding RMS valugs of the 5current and the voltage. The power factor is
then calculated by the ratio of the active power to the apparent power. Figure 11 illustrates the
profile of the daily current variation of the Iift electrical load on two Wednesdays, where one was the

Ash Wednesda March, 2006) e, woyking tarts onI at mldday 10 14 CLAIMS
A Device for Mo %lrl #d’%%‘ﬁ%‘ﬁ?ﬁg E aé}éﬁsafn%ﬁ #B@/ éﬁﬁl dh§y@eneration by
Type, corﬁfﬁf&ﬁ@@%@g @%%vm@@%@mtmuﬂ@wwr@uwﬁt@ﬁcmﬁée@emm Wl’aeuélﬁﬁﬁﬂwe first layer
include ataleast:ivel pdngior tvodidese signaksonditisniogsnagile, amdataredisitionemedule, a

commanqﬁﬂ%@%@é@ﬁdﬂw@ﬂ@d@%&gﬁwm@%&%@%ﬁé&?ﬁa{m@%ﬂe&%ﬂﬁ@“S

SImu'Eaner?ll{%?e){ised and 73% in the higher floors (where the air-conditioning is less used).

Example B - Center for Hematology and Hemoterapy of the State of Minas
Gerais - HEMOMINAS
Another building being monitored is the Center for Hematology and
10 Hemoterapy of the State of Minas Gerals — Hemominas, This unit is the largest central
collection and processing of blood and blood derivatives of the State of Minas Gerais.
The use of energy is more intense in air-conditioned environments in the spaces used for
collection and processing of blood and in cold chambers for storage of products,
Changes in inventories and in the external temperature have substantial impact on these
15 loads. To check the influence of the outdoor temperature, the EUMC provides special
routines in which a correlation between the load and the air temperature is established.
Figure 10 shows the change in the load of Chiller 1 as a function of the variation in
outside air temperature as collected and stored by the devices and sysitems of this
invention.
20
Example C —~ CEMIG Headquarter Building
Currently, the energy consumption of the headquarter building of CEMIG (the
largest energy utility in the State of Minas Gerais) is recorded by three commercial
meters (model ELO.2113). Each one of them is responsible for measuring different
25 loads or independent sectors, Despite this stratification, the analysis of the use of energy
is complicated because of the impossibility of identifying, from the available
subdivision, the share of each end use in the composition of the load curves abtained by
the meters. The equipments of the invention were installed in this building and, together
with the existing meters, have been enabling a more detailed study of the effects of
30 loads monitored in the electrical demand and in the energy consumption of the building.
To start the monitoring process through the invention, the CEMIG energy
manager chose the electrical load of the lifts as the object of study in the EUMC project.
They are in all eleven elevators and they are considered, along with the loads of air-
conditioning system, the largest consumer of energy in the building. There is also a
35  doubt regarding the power factor of this load and, in some situations, there may be
problems of low power factor.



the second layer comprises a Web-Server and a Gateway board responsible for the interconnection of
the local CAN bus to the Internet; 10the third layer comprises an Internet server for authentication and
reception of {he falasemt via the Internet; and the fourth layer comprisesp%g%@%ﬂﬁ%yer for storing
the measured quantities and an application server that allows online access to the data and performs
a number of application functions for processing!éf the stored information; 15 wherein data on energy
consumption is grouped by its end use from any quantity measured by sensors or data on the various
sources of generated energy is grouped by its type from any quantity measured by sensors. 2.The
Device of claim 1 whersissthe GHaRtIon MeASIFRG MSENSOTSis atilpaskone gleclical quantity selected
from curren% voltage an electrl{;al RWer factor. 20§.The Device (gf clfagng 4'_1I ﬁvh%reln gge guantity
asure nis O c}.\rrer% and voilage, 14 (1111%21 a S&{T{% 1%{1{ }:atGGD . < % Tom e
measuredrgy sensors Is at [east one environmental quantity setected from air flow, pressure,
temperatufETRFARAVE R dRS AT ARRRS fparRl sithuelas Cisrastaraneorhel isBireersPEim 1, wherein
the first layecdlsthérdc emprities, abdeastagnedata acqiisitiondspardin2 SV B e dexicd tfeclaim 1,
wherein incthedirshiaves thegurent gfdhe meniategddpadivhese fylhscaladargg.isdgtermined by the
capacity o{)g\;\% rf%eglingpgg% i,§ measured by an arrangement of current transformers of corresponding
range 15 & ni pOWeL.
Figure 11 illusirates the profile of the daily current variation of the lift electrical
toad on two Wednesdays, where one was the Ash Wednesday (the 1% of March, 2006)
when the working hour starts only at midday.

it



7. The Device of claim 1, wherein in the first layer the data received from the sensor module is
forwarded to the Gateway Node. 8. The Device of claim 7, wherein stratified sectored measurements
are taken at intervals of time from 15 seconds. 59,The Device of claim 1, wherein the second layer
further comprises software for grouping the gathered data in each sampling cycle according to the
consumption end-use or to the type and origin of the energy source. 10 The Device of claim 1,
wherein, in the second layer, the gathered datg} 4f¥iBeing encapsulated and encrypted, is sent to a
remote datgbase server. 1011. The Device of Iai{n 0, wherein additional information gbout the board
and the channel th ATISK HRE SEEAMIRTREBESORLEATING T BN e SPR AR B S aCurement i
incorporated to the Ewagyrdtkuatation 2yl gpeviompfisiaim 18t fofthericampiisitgdetoaal buffer to
locally store the sampled data in event of failure of communication with the remote server 15and
sent them to the%&faﬂ%‘é@ﬁﬁ%ﬁf@‘f%ﬁe‘? &Testoration of the connection. 13. The Device of claim 1,
whereig the thirdiley@fsiusierinonigyisek softvaredsod ecodd Qrdsauitientichtethe: coodeletion of the
webserver of each monitored .guildigﬁéolthe database server. ; 4. The?ﬁfevicedof claim I, wherein
the fourth layer féirt ?c%ﬁ%ﬁi 8L SBfivare %rcﬁaan?gﬁlﬁoﬁ%g, i Peaa{f)ﬁmné? uees%?ecfaédﬁ}g?lrables. 15.
The Device of clatisddit, dustives cHpapiisingababtiiatodonodine:kagtaelyver module for managing the
supply of inputs,é%%mean(g of a local or an | rnL%t remot%) command 6. A Me%l;oglfor Monitoring
and Controlling FS?/O A%%%ﬁﬂg}?%ieﬁﬁ "S50%8 Of B r%y étg‘r}‘@{a%%aﬁ §/ ?:)nes,l e Method

comprising 16 the interconnection of the local CAN bus to the Internet;

10 the third layer comprises an Internet server for authentication and reception of
the data sent via the Internet; and
the fourth layer comprises a database server for storing the measured quantities
and an application server that allows online access to the data and performs a
number of application functions for processing of the stored information;

15 wherein data on energy consumption is grouped by its end use from any quantity
measured by sensors or data on the various sources of generated energy is

grouped by its type from any quantity measured by sensors.

2. The Device of claim 1, wherein the quantity measured by sensors is at least one

electrical quantity selected from current, voltage and electrical power factor.

20 3. The Device of claim 1, wherein the quantity measured by sensors is at least one
environmental quantity selected from air flow, pressure, temperature, relative

humidity, luminosity and atmospheric pressure.

4. The Device of claim 1, wherein the first layer further comprises, at least, one

data acquisition board.

25 5. The Device of claim 1, wherein in the first layer the current of the monitored
load, whose full-scale range is determined by the capacity of the feeding bus, is

measured by an arrangement of current transformers of corresponding range.

6. The Deviee of claim 1, wherein the first layer further comprises software for

measuring and monitoring physical quantities stratified by sector.



using a device according to any one of claims 1 to 15 to measure energy consumption grouped by
end-use or to measure energy generation by grouped by type; accessing stored data in graphical form,
in real time, upon command by the user. 5 17. A I}/gethod for Monitoring and Controlling Energy
Consumption by End-Use or Energy Generation by Type, the method comprising using a device
according to any one of claims 1 to 15 to measure energy consumption grouped by end-use or to
measure erfergyieniB@ion by @sompedvdyetyipeirl Oseilfjedting dhehstaked catavedafranalysis tool that

allows the comparison of files of any measured btained on different days or of different
clusters (groupeﬁ%?fh‘gﬂ é‘g i%ﬂgf‘”i 0%% ﬁaﬁ%’ g%&%l\/lonltorlng and Controlling Energy

Consumption by End-Use or Energy Generation by Type, the method comprising 15using a device

according te anyGReiAh AT 5, (QIBRAP(F REINN: CRASH HRIAN GraHRCEPYRBH wiSe o o

measure energy generation by grouped by type;  subjecting the stored data to an analysis tool that
allows the asseserserlopiisngaiforiarce@iithe monitored plant, as a whole, and the identification of
the 20critical points. 19. A Method for Monitoring and Controlling Energy Consumption by End-Use or

Energy Generation by Type, the method comprising  using |ce according to any one of claims |
to 15 to meAsure' SRAMGRELREGHPRdN BRSTPRA xR fevet %%%%FF&’%FF@@%“IB‘&H &¥on by

grouped 25by ty@@@ﬁ@%@fﬁ&@@fﬁa padactosamphiadysis toatderdehataciersingithpuaenitored plant

by cause-and- effect relations etween e COI‘IS%I {llptlon or production of energy and the environmental
or load Condltlon’%“ -use or to type and origin ¢ 1 C SNergy source.

10 The Device of claim 1, wherein, in the second layer, the gathered data, after

being encapsulated and encrypted, is sent to a remote database server.

10 11. The Device of claim 10, wherein additional information about the board and the
channel in which the quantity has been read and the building of origin of the

measurement is incorporated to the measured value.

12.  The Device of claim 10, further comprising a local buffer to locally store the
sampled data in the event of failure of communication with the remote server

15 and sent them to the database server just after the restoration of the connection,

13. The Device of claim 1, wherein the third layer further comprises software to
decode and authenticate the connection of the webserver of each monitored

building to the database server.

14.  The Device of claim 1, wherein the fourth layer further comprises software for

20 monitoring, in real time, the selected variables.

15. The Device of claim 14, further comprising an actuator module and a driver
module for managing the supply of inputs, by means of a local or an Internet

(remote) command.

16. A Method for Monitoring and Controlling Energy Consumption by End-
25 Use or Energy Generation by Type, the method comprising
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17.

18.

19.

16

using a device according to any one of claims 1 to 15 to measure energy
consumption grouped by end-use or to measure energy generation by grouped
by type;

accessing stored data in graphical form, in real time, upon command by the user,

A Method for Monitoring and Controlling Energy Consumption by End-
Use or Energy Generation by Type, the method comprising

using a device according to any one of claims 1 to 15 to measure ehergy
consumption grouped by end-use or to measure energy generation by grouped
by type;

subjecting the stored data to an analysis tool that allows the comparison of
profiles of any measured quantity obtained on different days or of different

clusters (grouped by their end-use or type).

A Method for Menitoring and Centrolling Energy Consumption by End-
Use or Energy Generation by Type, the method comprising

using a device according to any one of claims 1 to 15 to measure energy
consumption grouped by end-use or to measure energy generation by grouped
by type;

subjecting the stored data to an analysis tool that allows the assessment of the
performance of the monitored plant, as a whole, and the identification of the

critical points.

A Method for Monitoring and Controlling Energy Consumption by End-
Use or Energy Generation by Type, the method comprising

using a device according to any one of claims 1 to 15 to measure energy
consumption grouped by end-use or to measure energy generation by grouped
by type;

subjecting the stored data to an analysis tool for characterizing the monitored
plant by cause-and-effect relations between the consumption or production of

energy and the environmental or load conditions.



