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Standard Tittle Standard Tittle

ISO 50001 Energy management systems: Requirements with guidance for use ISO 50010 Measurement and verification of energy savings

ISO 50002 Energy audits: Requirements with guidance for use. ISO 50015 Measurement and verification of energy performance of
Specifies the process requirements for camying out an energy audit in relation organizations: General principles and guidance
to energy performance.

ISO 50003 Energy management systems: Requirements for bodies providing audit and ISO 50021 General guidelines for selecting energy savings evaluators
certification of energy management systems.

ISO 50004 Energy management systems: Guidance for the implementation, maintenance ISO 50044 Energy Savings Evaluation: Economics and financial evaluation of
and improvement of an energy management system energy saving projects

ISO 50006 Energy management systems: Measuring energy performance using energy ISO 50045 Technical guidelines for evaluation of energy savings of thermal
baselines (EnB) and energy performance indicators (EnPl) power plants

ISO 50007 Energy services: Guidelines for the assessment and improvement of the ISO 50047 General guantification methods for expected energy savings
energy service to users

IS0 50008 Commercial building energy data management for energy performance:

Guidance for a systemic data exchange approach)
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1ISO 50001
Energy management systems — Requirements with guidance for use

A

ISO50004
Implementation guidance

I Energy planning

-

‘ Implementation and operation

B

I Checking
L
‘ Improvement ‘

use of
Energy Review

.

Establishment of
Baseline and
EnPls

Providing the methods for monitoring,
measurement, and verification of

Energy performance

|

I1ISO 50002
Energy Audits

W The data and information of Energy

ISO 50006
Energy baseline
EnPls

Providing the EnB
and EnPls

IS0 50015

M&V Guidance and Principles 3 FornoniSO

Internal audit

50001 user

1SO 50003
Conformity assessment
EnMS

l certification

ex. ISO/IEC 17021

Certification process of EnMS and verification process of energy performance

Conformity assessment — Requirements
for bodies providing audit and

certification of management systems
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Infrared Thermometer:

This 1s a non-contact type measurement
which when directed at a heat source
directly gives the temperature read out.
This mstrument i1s useful for measuring
hot Spots in furmaces, surface
temperatures etc.

LCULUCCLUOLL

Circle or Dot Laser Sighting

Range: -20 to 420°C (0 to 788°F)

Resolution: 1°C/1°F

Emissivity: 0.95 Fixed

Spectral Response: 6-14 mm

Optical Field of View , D:S = 8:1

Response Time: 500 ms

Accuracy: -20 *C to 100°C: 2°C; 101°C to 420° " 3%
Operating Ambient: 0 to 50°C Less Than 80% rgg
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. Accuracy
Type Pros Cons Typical Ranges % of Span
Glass Stem Fraaile -50°C to +800°C 1% to 2%
Low Cost. 9
Thermometer Hard to Read.
Bimetallic Limited range. -60°C to +425°C 1% to 4%
Low Cost.
Not a remote sensor.
Thermocouple :
gﬂ;;leed Non-linear. -150°C to +260°C
Type T . . Reference required. -160°C to +800°C 0.3% to 1%
Tvoe J Wide variety . o -
yP Wide t Least stable. -150°C to +1500°C
Type K ice femp. range. || cast sensitive. -15°Cto +1700°C
Type R& S Self powered.
RTD .
Nickel Most stable. Expensive. -150°C to +260°C 0.1%
Platinum Most accurate. Current source required. _255°C to +650°C
Pyrometers . .
(non-contact) Safe Relatively expensive.
Optical Easy to use. Accuracy may be +760°C to +3500°C 1% to 2%
Infrared Convenient. compromised by other 0°C to +3300°C 1% to 2%

Radiation

sources in field of view.

+500°C to +3900°C

0.5% to 1%
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O Slope Gauges
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O Bourdon Pressure Gauges
O Diaphragm Pressure Gauges
O Bellows Type Pressure Gauges
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Pressure Transmitter
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Bourdon Pressure Gauges

R

- _

A

i

Duplex Gauge Differential Pressure Gauge__
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Slope Gauges
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AC/DC Digital Clamp Meter

Compact, Leightweight & Cost-Effective

DhIET 35 is & balery-operaled . saulb-range ACDOC digilal clamp msler
or professions use

The supply kit incudes & plaste carrying cass, maasirament lasds snd
Emperalurs probe

O Measurement Functions

= a0 D Current = Capacitance
«AC ) DC Valtage = Diodes Test

= Freguancy r Temperaiure

« Dty Cyele = Cantinuity Test

* Resistancea

Main Techmnical Data

= Dhisplay: 3299 counis

= Jaw capability; @ 42mm

= WVoitage Measuremen! scalEsrangss and Bocurscy:

Kax Volege: G00%ems AT 11, 1000 rms CAT I

AC-4 /40 400 0.7%. TOOW 1.0%

DC: 04 /4 7 ad J 400 0.T%, 1000 0.8%

Current Messuramant scalesmnges and BoCuracy:

AC: 400 7 10008 3.0%

D 400/ 10004 3.0%

Crwaroad: Max 120% for &0 saconds

= Frequency Measuramseant ranga and accuracy:
1AM In Tk 2 0%
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Energy Explorer-Power & Harmonics Analyser

ENERGY EXPLORER., is an advanced Power
Analyser, designed for use by electricians, plant
engineears and energy professionals

Energy Explorer provides fast and accurate
measuremant of all standard parameters
characterizing the power consumption of elactrical
loads, such as the TrueRMS values of Voltage,
Current, Frequency, Powers, Power Factor/CosPhi,
Enargy. Energy Explorer extends the analysis also
to transiant conditions of the load, thanks to the
built-in lnrmush Current function allowing voltage and
current monitoring with pre-triggering.
The load's consumption can be kept under close
conirol thanks to the availability of fully configurable
Average and Maximum Demand functions, user-
settable alarms and configurable tariff-band energy
analysis.

Historical, graphic trend-displays provide immediate
understanding of how parameters change during a
settable time frame.
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Combustion Analyzer/Gas Analyzer

Parameters measured:
Flue/Stack .
Combustion Air Temperature
Oxygen (O,)

Carbon Monoxide (CO)

DOO0D

The appropriate sampling point is located where maximum temperature occurs,
right in the middle of the gas flow



(s (& o5 0 3151 Ol g

Leak Detectors

Leak Detectors:

Ultrasonic mmstruments are avwvailable
which can be used to detect leaks of
compressed air and other gases which
are normally not possible to detect with
human abilities.
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Lux meters

Lux meters:

[llumination levels are measured with a
lux meter. It consists of a photo cell
which senses the light output, converts to
electrical impulses which are calibrated
as lux.

The light meter is designed to measure lux,

salizu! i oSG the number of lumens/m? arriving at a
surface. If the meter is used to measure the
In measuring illuminance, the cell type meter light leaving or reflected from a surface then
should be colour and cosine corrected. Prior it reads luminous exitance in Im/m?.

to recording readings the meter should be
exposed to the approximate level of
illuminance to be measured for about 10
minutes. HID and fluorescent systems should be lighted for at least one hour beforehand and
hawve had over 100 hours operation. Incandescent lights require only about a fifth of these
times. Readings should be recorded in each square meter of the area and the readings
averaaed.

The light sensitive cell should be in a horizontal plane at the workplane level or 760mm above

the floor. Mo shadows must fall across the light cell.
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Data Logger

SPECIFICATION

Temperature Range: -40 to 40°C (-40 to 104°F)
or 0 to 80°C (32 to 176°F) user selectable by internal jumper ] _
Accuracy: =0.5°C '
Resolution: < 0.1°C

Memory: 2000 readings ACTIVE . DATA
Sample Rate: 60 sec to 24 hrs software programmable ALARM .

Red Visnal Indicator: red LED flashes every 4 sec

when alarm setpoint is exceeded

Green Visual Indicator: green LED flashes every 8 sec
when logging is active or every 16 sec when memory is full
Start Mode: imummediate start or programmed start delay
Sleep Mode: logger goes into sleep mode

when download is complete

Power: 3 V lithium battery included

Battery Life: = 1 vear typical

Computer Interface: ES-232 serial interface to PC
Software: WIN 98/NT/2000/XP

Enclosure: IPG67

Operating Ambient: -40 to 30°C

(-40to 176°F). 5 to 95% RH non-condensing

o) et Shasie 5 AS1e jaeesws Lles 5 Lo
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Faulty realization of the
insulation on a roof connection

Overheating of a bolted connection )
of 2 high-current cable Thermal check of chimneys Isolation fault at a boiler Disconnecting switch in a transformer station
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DE SN COOLING

DE S1GHN HEATING

COOLING DDATA AT Jul 1600
COOLING OA DB 7 WEB 4000 =C 7 20.5 =C

HEATING DDATA AT DES HTG
HEATING OA DB WHB -4.4°C 7 -5.38 *C

Sensible Latemt Sensible Latent
ZOHE LOADS Detail=s (W] (W] Cetails (W] (W]
WWindows & Skylight Solar Loads 242 m*= 2aT5Z - 242 m*= - -
Wvall Transmission 251 m= 7345 - 251 m= 18508 -
Roof Transmission oS24 m= 10245 - S24 m= LSS Pt ) -
Windows Transmission 242 m*= 10427 - 242 m= 20541 -
Skyvlight Transmission 0 m= 0 - 0 m= 0 -
Coor Loads 28 m= 2550 - 28 m= 2114 -
Floor Tran=smission S350 m= 35 - &35 m= 4585 -
Partition=s 320 m= 4200 - 320 m= 13337 -
Ceiling 0 m= 0 - 0 m= 0 -
Owerhead Lighting 12817 W 12615 - 0 0 -
Ta=k Lighting TS 0 - 0 0 -
Electric Eguipment 51355 W 313593 - 0 0 -
People 70 S2s 4205 0 0 0
Infitration - 0 0 - 0 0
Mizcellaneous - 0 0 - 0 0
Safety Factor 10%: & 10%%6 135320 221 10%a 8551 0
=z Total Zone Loads - 153232 4526 - F 2395 0
Zone Conditioning - 151440 G55 - Fa4av7TZ 0
Plenum VWall Load 0%a 0 - 0 0 -
Plenum Roof Load 0% 0 - 0 0 -
Plenum Lighting Load 0% 0 - 0 0 -
Return Fan Load 14980 Lis 0 - 14980 Lis 0 -
“Wentilation Load 850 Lis 1132325 -I703 550 Li's 18153 o
Supphy Fan Load 14520 Lis 0 - 145320 Lis 0 -
Space Fan Coil Fans - 0 - - 0 -
Duct Heat Gain §/ Loss 0% 0 - 0% 0 -
=2 Total System Loads = 162765 oo = O92625 1]
Central Cooling Coil - 162765 D33 - 0 0
Central Heating Coil - 0 - - 2525 -
> Total Conditioning - 162765 933 - 926525 o

Hoevy:

Positive values are clg loads
N egative values are hig loads

Positive values are hig loads
N egative values are clg loads
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Humidity sensor with
long-term stability

High data integrity, even
with empty battery

* | arge measurement

data memory

Display of the current
temperature or humidity valus
» | arge measuring range
Compact and robust
Issue of alarms via display
Data transfer to the PC via
USE interface
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\With the ComSoft testo 174 software the data logger can

be configured and read
Measurement data can

out easily via USB interface.
be analyzed quickly and intuitively.
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D IA Lux Streat 1/ False Colo Street 1/ 3D Rendering

Mazinoor M314MULEDT840-3 HELIUS 18000 Lm 140W Street light Luminaire ,Clear
Temperad Glass , Gray Body , 4000K / Luminaire Data Sheet - &

Luminous amittancea 1:

16EE 1EES
ol i — -]
= il | \\ N g
JEm - o s | ""-,_l ]
'-..\_____,__ — -'_--u._\_____ A
B E®
B
45 L
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LEEEE
e 15 [ a5 i
cd 18000 I'm
— -Cl® ——C¥ -0
Luminaire classification according to CIE: 100 Due to missing symmetry propearties, no UGR table
CIE flux eoda: 34 T2 @5 100 100 can ba digplayed for this luminaira.

HELIUS LED sireat light & Mazinoor szate of the art desigr suitabla for syest
and road lighting lighrireg applicabian. Modem and sisek cesign, currability,
witla span ight distnbulon wih high unfonmity, opbional lumen packages,
and high ingrass prosacicn {IPER) ars amonp tha highlights of HELIUE.

G00m
— B | [

@ a 5 50 ] 100 125 150 175 200 ke
- Street 1/ Valuation Field Roadway 1/ Isolines (E)
000
3 } | 800 m a00m
Q.00 20000 m _"_"“---:._\\\_“ gz
32________, ,,—f"/ 7
Maintenance factor: 0.867 Scale 1:188
| [ .--""J L""'-u
Calculation Field List — W= 2.
34 e
1 Wsluation Field Rosdway 1 —-—h-.k_:*;::"-—saa—-“"fff..an—-—
Length: 20.000 m., Width: §.000 m " " ' , 0 \ , , w0
Grid: 10 x & Points 0.00 2000 m ) 0.00 000m
Accompanying Sireet Elements: Roadway 1. I I I I I |
tarmac: R3, gd: 0.070 - .
Selacied Lighting Class: MEda {All lighting performanca requirements are met.) 0 a 34 6 I elacen Lo, Sealal = 18e
L., [cdim 0] ul TI[%] SR Grid: 10 x & Paoints
Calculated valuea: 288 059 0.80 4 0.69 .
Required values according to class: z075 =040 2080 £15 2 05&0 E. [+ B[] B [ ud S/ Eng

Fulfilled/Mot fulfilled: N ' o a i H 23 kr) 0.as2 0.vac
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e Some Energy Saving Opportunities

“" No cost or low cost Measures
= Rescheduling production activities
= Adjusting existing controls

= |Investment in small capital items such as thermostats and time switches.
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®* Some Energy Saving Opportunities

““” More capital-intensive measures
= replacing worn-out plant
= installing a building management system (BMS)
= using the renewable energies

o, T

- Building Management Systems




ISO50006: Energy management system-
Measuring energy performance using energy baselines
(EnB) and energy performance indicators (EnPlI)
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Energy Consumption (M])
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4,000,000

3,500,000 -

3,000,000
2,500,000
2,000,000

1,500,000 -
1,000,000 -

500,000
0

total Energy Consumption
Basedon CDD

y = 4,598.56x + 980,000
R?=0.69

100 150 200 250 300 350 400 450 500

Regression Statistics

0.898104 Multiple R

0.806591 R Square
0.787251  Adjusted R Square

CDD 455.3784 Standard Error
12 Observations
Significance F 55 df
7.27461E-05 8648141.314 1 Regression
2073695.038 10 Residual
10721836.35 11 Total
Upper Lower Standard ..
95 0% 95.0% Upper 95% Lower 95% Error Coefficients
1433.27321 533.291524 1433.27321 533.291524 201.9581691 983.2824 Intercept

6.4968266 3.16368689  6.4968266

3.16368689

0.747964992

4.830257 COD _iile o 220 g,
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4\ MATLAE R2012a
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Filz  Edit Debug Parallel Deskiop

EERL L L

Window Hep

. Shoricuts F] Howto Add [®] What's Mew

Currank Feldar
L = Monlinesr

| | Hame =

ﬂ IIntitled?. m
) Untdled?.m
g UIntitledd.asy

IInttlecd.m
) Unvitlects.m
) Untitled.m
¥ UntitledT . m
] Unttledi m

fl Intikledd.m
] Untitlaetll]

M- 0 A W

T}:Jl:ﬂﬁ-r

¥l  Currort Folder | Eregreccion\MaonLinear

(T} bew 1o MAT LABY VWatch this Videg, ses Demos, orread Gettng Stared.

mdl =

Honlinear regression model:
¥ ~ bl + b2*x1*2 + b3*x2*1 + bd*x3"1

Estimated

kBl
k2
=
k4

Nunmbaer of
Eaoot Mean

-

Coefficlients;

Estimate
2.24252405
-B.&6553e-086
ZL3
70.011

ohssrvations:
Sauarad Trrar:
E-Sguared: 0.771,

F-statistic va.

12,

constant model:

5E
JeE17
1.6208e-05
J%.323
§a . 087

Z.34e+04

tEtac
E.BO71
—0.534r5
3.773
0,702

Adjusted B-Sguared 0.686
£.99, p—value = 0.00608

p¥alus
0.000403193
0.a0T£3
0.0054264
0.4632¢

Erraor deqgrecss of freadem: 2




functicn [¥l] = myNeuralNetworkFunction{xl)
$MYNEUBALNETWOREFUNCTION neural network simulation functiom. i m'l" R=09T7122
%
% Generated by Meural Network Toolbox function genFunction, 22-Dec-20185 w 14t - - 2 ' '
17=715=174 (=] Data
e +
S & —
% [vl] = myNeuralNetworkFuncticn(xl) takes these arguments: ©w 1
% X = 120 matrix, input #1 :t
% and returna: €
3 v = 1x0 matrix, ocutput #1 EP 10
% where Q ia the number of Jamples. #E
£
F#ok<*RPMIO> E ar
o
% ===== NEURAL NETWOBK CONSTANTS ===== g B
% Input 1 % Jutput 1
®l stepl xoffset = 20202; ¥yl atepl ymin = -1; 4

xl stepl gain = 1.4545%334903087e-05;
¥l stepl ymin = -1;

% Layer 1
bl = -0.11597761554470504;
IWl_1 = -1.2310773324501259;

-

% Layer 2
b = -0.052354018365683682;
IW2_1 = -1.145951259924303145;

S99 0 Shos s a>lu &l

vl _atepl gain = 1.721483731546172e-08;
¥yl stepl xoffset = 30150182;

i
-
3

4 B 8 10 12 14

§ ===== SIMULATION ======== Target <107
% Dimensicns
Q= gize(xl,2): % samples

% Input 1
xpl = mapminmax apply(xl,x1 stepl gain,xl stepl xoffset,xl stepl yminj ;

% Lay

1 = tansig_apply (repmat (bl,1,0) + IWl _1*xpl);

fu

-

% Layer 2
a2 = repmat(bz,1,0) + IWZ_1+*al;
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Regression Statistics

Multiple R 0.859034
5 S0Ua [
Adjusted R
Square 0.672424
Error 363.9904
Observations 36
ANOVA
df 55 M5 Significance F
Regression 7 10446160 1492309 1.06E-06
Residual 28 3709693 132489
Total 35 14155853

Coefficients Sti@hdard Error t Stat P-value wer 95% Upper895% Lower 85.0% Upper 95.0%

Intercept 1418.717 464.6638 3.05534% 0.004896 467.8967 2371.538 467.8967 2371.538

A 4.03E-05 1.53E-05 0.013537 8.97E-06 7.15E-05 8.97E-06 7.15E-05
B 0.001712 0.000601 2.8472 0.008167 0.00048 0.002944 0.00048 0.002544
C 0.020909 0.008514 0.02052 0.003469 0.038349 0.003469 0.038349
D -0.09582 0.100716 -0.30212 0.110483 -0.30212 0.110493
E -0.04201 0.11135 -0.2701 0.186079 -0.2701 0.186079
HDD 0.478138 0.517126 -0.58115 1.537423 -0.58115 1.537423
CDD 0.902989 0.88767 -0.91532 2.7213 -0.91532 2.7213
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Regression Statistics

(o C')Lna]) ol S uj—hﬁﬂ;) @Lu -0

Multiple R 0.844568
R Square 0.713296
Adjusted R
Square 0.686417
Standard
Error 356.1313
Observations 36
ANOVA
df 55 Ms F Significance F
Regression 3 10097308 3365769 26.53774 8.22E-09
Residual 32 4058545 126829.5
Total 35 14155853
Standard

Coefficients Error t Stat P-value pwer 95%  Upper 95% lLower 95.0% Upper 95.0%
Intercept 1645.049 427.214 3.85064 0.000532 774.8421 2515.255 774.8421 2515.255
A 4 .05E-05 1.35E-05 2.9986749 0.005212 1.3E-05 6.81E-05 1.3E-05 6.81E-05
B 0.001734 0.000562 3.083725 0.00418 0.000589 0.00288 0.000589 0.00288
C 0.017564 0.00723 2.429365 0.020918 0.002837 0.032291 0.002837 0.032291
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Coefficients Standard Error t Stat P-value
1645.048526 427.2139925 3.850642897 | 0.000531821
Intercept
A 4.05436E-05 1.35205E-05 2.998678688 [ 0.005212255
B 0.00173408 0.000562333 3.083725386 | 0.004189926
C 0.017564337 0.007230012 2.429364672 0.02091754

Regression Statistics
0.84456832

Multiple R

R Square 0.713295647

axly ol gl p 55 slos >
Adjusted R Square 0.686417114 9 SR GHP S

Standard Error 356.1313223

E = 4.05436E—- 054+ 0.00173408 B + 0.017564337 C + 1645.048526
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