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Building

41 %
More than 40% percent of :

primary energy are
consumed in buildings.

Significant part of that are
consumed by HVAC
systems.

Olli Seppanen Riga 15.10.2009.
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Industry
28 %

Transportation
31 %
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Energy consumption in EU households (2013)
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Estimated household energy use Middle East

Refrigeration
7%

Appliances
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12%

Industry

6% m Transport
Residential

®m Commercial and public services
Agriculture/ foresty

m Non- specified

m Non- energy use

28%

https://www.researchgate.net/figure/lran-energy-consumption-by-sectors-in-2014-
4 figl 313898873
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Iran energy consumption by sectors in 2014
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Portugal powered solely by renewables last weekend Sl s o
Portugal generated 172.5 GWh of renewable electricity between Friday and

Saturday. Its output included 97.6 GWh of wind, 68.3 GWh of hydro, and 6.6 | .-

GWh of PV. It exported surplus power to Spain, while consuming 131.1 GWh |
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Carbon dioxide emissions per person
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&?5 Countries with largest total emissions
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Typical daily electricity demand profile for a household without supplementary electric heating.



(@ KT

Cladala a uS:UN‘ ngj‘ Al s sl

N

ey
HVAC
control
Lighting
control

9 ¥ Alile YL gladil ) Ly &) Jagad ) ealdiad ]
03 L s ga g Al
299 J A 33 (VVVF) salue ) edldiad) 2
L g5 ga g Al
Jud 931 L LAy giga 5880 A A ) ealiid 3
L Y
O 55 S ) A SO ) salitul 4 i
dﬁJSJAJJQmSeSJJSLAJM‘J:J‘ sl .5
Sk
Gaidlu) o jluiadion g Slidlu ¢ galagl .6
(MJA Power factor
correction
Building
automation
Addressing solutions for energy efficiency in commercial buildings
@iman.sariri S Olad) 16



S A Sl ja e &) 8 19 diaia Sl B
I:’\:I

el gwiigo pli o jla
(8555 s129%)

L oleisbw () 531 3HE Olne

1094 s Cuyald «5) 5l ghE Olme (el b ((Oledis-buo (53531 03)) CapdsS > duw cCazan (ol 5o
(EC) Olislw (Mo Olypdo 14 Comnn b 3udaine OlodisLus -

(ECH) &5 oS ool -

(EC++) ‘53)3 ‘ogjb.w Oleislw -

o) o gdle adly «Energy Compliant «aases «8) 0l Gdail b EC canl 453 4 a3y
i Ay Soa i (550 L waa )10 AS 3 S Al sk Ol giee S )y le iy s GMALL (358 g 5

@iman.sariri S i Olad) 17



S A Sl ja e &) 8 19 diaia Sl B
I:'\:I

ool pwigo pllai Glojle
(8555 s129%)

o Ol pio 19 G b Galaie Oleislu b (EC) Ol L
dS 3gdu e M Jloislu d €Ol (do Wiy o 1A Eaun b Gakrion Olgis camnn ol yd
Aol ol Caley 19 Cammro Gkl Jalgad <OT Syl 9 b 5o

Energy Compliance:s ! dWkal

@iman.sariri S i Olad) 18



S A Sl ja e &) 8 19 diaia Sl B
I:’\:I

ool pwigo pllai Glojle
(55 8119%)

(EC+) &) 5 Olosis-lw

14 Corme U Gudaion Ol Sl dddscpas OlyUas| Q,.Sf%—“j-?' 3 09e dS 390y
oS Olaizlon Sl 53 dlAS Cudeuw (#5 0dd Cuyal CundsS 3945 ¢(EC) Oleilu o iy yie
BaS Olaisle d Olgie ol il 48,8 1,8 Jos S dy>l 9 >lhb 43 ((ECH) « &)yl
28

SUiol dy el Gyl (85531 88 1) Olaisli CntsS d ol by Jbawd Coal S330)Y
o 90 Gilwpgds 9 oy Wylig Jawgd ol ol AL idw 9 B Jeadlygiwd o 4S SI)lge
Glie colid ddad) OF Wlasin g (... e cObiwl) Olaislo G510 Joeo dy dicwd cdioe)
23,8 2 S ... 5308

@iman.sariri S i Olad) 19



S A ol 3 e ke 19 Giage el 3l Igl

3 g @Jf»...m 9 Asdad 2 o e AL w8 L Gladd) 2 Ty

THE EC+ EFFICIENCY EQUATION

@

2% x 95% x 98% = 8§59%

NOVENCO ZERAX*® HIGH EFFICIENT HIGH EFFICIENT

HIGH EFFICIENT AXIAL FAN PM MOTOR E F F l c I E N CY

@iman.sariri




éﬁjﬁ\ QWUJJUJAQ\JJM 1Q duasa Silal W

ool (gwiigo pl o 3l
(8555 s129%)

Efficiency Oledil ) b o) S iy s

Gl 8 5 2 9 e ot padudia Cullad S alad) () s 00 ool aglia () jae 43 42 5 L (2l S
o [CIEISE RSP RN ESEIAE ol 4 ) S

Lol (S il ) fign cand e aladl 59 0 5 S (alia L)) Gadidia Cullad S 59 sl (8 g
sl A58l gl 381 55503 40 G Cullad o) o

S DAL DRSS L 1D 050 0l e52 O O (S s wiSon IR 88 oy ] 055y S g0
RGP PR R [ (v P PP IR BN I8 1

28 D8 Gl 5ige 2 e oy (B Ladi S IS L S S8 e s ¢ A oS e 4y B e
o 43l gl Les

Asige 8 (ol S IS 5 (S ool s Gely (il se GliSis 6 (glaiae

JS 4 4o sane JS (IS can aladl g e (oS 1 O el (5 S 8 Jsadia (S s8Rl
€ e 1agy ) 38 o g

S USSR + < - 015

_e:\‘)\aé\;jﬁ«uj,j*)\swg\ﬁ@&qwg\jﬁa»é\_}u

@iman.sariri S Olad) 21



éﬁjﬁ\ QWUJJUJAQ\JJM 1Q duasa Silal W

N

ool pwigo pllai Glojle
(8555 s129%)

/ Effectiveness iz ) ciy gl

Sad () hae 4g an g L ol
s L lacudled 13 g

Ol il 2 55 on o Byl
A8 Cualiza (pl 4 (ol 53 (ol 8l
UEEESIE L o culls
Sl oS gaaald u\.q\.&,u&
sl ) A U8 ¢ p) peal )

S ) e s B85

ol 43l LalS L i)

Effectiveness
iz il

@iman.sariri

@iman.sariri S Olad) 22



‘fiadﬁ\ QWUJJU.L\Q\JﬁA 1Q duasa Silal W

N

Oleilu pwirigo pliAS Glo jlu
(55 8119%)

Efficiency Oledil ) b o) S iy s

Sl 8 5 2 9 e ot (adudia Cullad S alad) () s 00 oaliial aglia () e 4 4a 5 b (2l S
) Cullad Sy alas) 3 alie G (EALS (line 40 ol IS

JieS (LA, U 2 gy (s i (el adiS ) gane 1 1A Sl Jead 0 iaia o8 IS S 3 anilia
D | (P i) cal ol g | el sl 30 Osa (Aol e SIVL ) () S asd G )
(u\ sl

b IS sl cual gl 30 5 5VL gledil ) L Ballbearing <Okl s <8 )3 (8 <SG () anilia
5 >ob i as 5 5850 b i) 1 Gl S as g asilia g al 03 YU 1 oleail
ﬁ‘ palal yued |y A il cead Cual

0330 YL |y el 23 55 5 puma oS (AR CE Ry LG S8 5 Gl e 4en 4xilia
) odlan et |y SR ) e g aladl s ey g )3 (s e Kaa @ K1 g

@iman.sariri S i Olad) 23



S A Sl ja e &) 8 19 diaia Sl B I I

AHU: Air Handling Unit jbw sa

HVAC: Heating Ventilation Air Conditioning e
i i iDd |
PR
.. S 1NN il
: TR
mmn mnl

e

-'."'——-M_ i B

bl g plla (ylo jle

@iman.sariri S s Olal 24



éﬁjﬁ\ QWUJJUJA&\JJ{M 1Q duasa Silal W

AHU: Air Handling Unit Jlwl g

e o pllad sl jlu

° ° ° ° e, ® [ (&5 20 8139%)
HVAC: Heating Ventilation Air Conditioning
Opti | Ret
Ductiybe p |onFaam eturn
Exhaust smoke detector Rotating Air
* Air mixing damper * /
_ o

- ; powrs -~ "c-mcmeceee-

- - 7 a - -

- z - -

7
v - Typical Floor
Seater Rotation

Damper INNNNNN N
- a 2Damper P 'ﬂ‘k ﬂ - \/\/\»\»
L I N

? | @iman.sariri ? T T

Clean Air Filter Conditioned Air
Duct type Duct type
smoke detector Cooler f smoke detector

Humidifier

@iman.sariri S Olad) 25



S A Sl ja e &) 8 19 diaia Sl B

AHU: Air Handling Unit Jb! sa
HVAC: Heating Ventilation Air Conditioning
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Site boundry
Type A: All renewable energy is available Type B: All renewable energy is generated
within the building footprint within the boundary of the building site
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Type D
Site boundry

Site boundry Type C

Type C: off-site renewable energy (for example, wood pellets, Type D: purchase the renewable energy which is
biodiesel, or ethanol) is used to generate energy generated off site
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~ ‘ = Light coming from:
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Y Clouds
* Air molecules in the sky

*  Ground reflection (buildings,
trees, ground)

s L 4 O IR
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ZON ‘rradiatic

Direct Radiation (DNI)
* Light directly from sun

Direct Normal Irradiation

This detector is observing light
coming directly from the sun and
also from other parts of the sky

Solar radiation
monitoring sensor

This is called global irradiance (GHI)
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This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.
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Solar Panel 400w
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@ Battery

Inverter Hybrid 32KW |
y —
L —

}
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51 Tj - Power Grid of City
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Priority Load
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Equipment Grounding in DC-Only Systems

Breaker Breaker
" Gl £ 3
e o e o
| | | | %
SOOO Grounded
(Negative):
Charge to equipment
4/ ) Breaker Batteries
| I
Equipment Grounding
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- [ To DC Loads]
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Rotor \\
Diameter 1
\
‘ -
—————— | 4 Hub -Wind Generator
, | Height o
/
[ : Controller  Battery Bank
- Ground
—————— Level

Inverter

AC Load
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150 -
Theoretical Power Production
11m
120 10m 47.5 kW
" - /" 303w
£ 90 5 am /[ / 31.8 KW
2 © [/ 25.1 KW
2 E 7m '
- S [ [/ vk
e U = [/ /[ 7 11w
= £ 5m :
© X { / 9.8 kW
3045 3m 6.3 kW
5m 3.5 kW
. 1m 1.6 kW
0 41 75 100 124 0.4 kW
Increase in Wind Power %
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/Voltage
Current
4
Wasted —
power I
Q(KVAR)
I3
Demand
- Inductive Circuit Capacitive Circuit
Useful
S(KVA
( ) power
S
Actual Power
v Q KVA  PF. = or PF.=Cos®
Apparent Power
KVAR
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ENERGY EFFICIENCY CLASS EE| Kz

@iman.sariri Energy Efficiency Index

EEl < 10
10 < EEl < 20
20 < EEl < 35
35 <EEl < 50
50 < EEl < 65
65 < EEl < 80
100 > EEI = 80




S A Sl ja e &) 8 19 diaia Sl B I I

ool (gwiigo pl o 3l
(8555 s129%)

o Sl @l g ohS aal g by gy Adled G b d J5aA 9 iy G W Ol e e

N el 24 G paa liba) 3 g 0 488 8 BT 0 Jlw G55 365 ) deals Anll G g 23 8
ML Qg 177 ol p jahawgia jsh 4 Jada SO A pae 0155 81 (50 @ G5, 365
(24*177=4248W) 13 3k 055 <5 4248 <3, Alsd SG A 2

A9 S g il g 9lS 155 L <l g 1550520 293 Jady ol Adbllur 8 jaa ) 65 1A

0d) 3 A 10 ) shaS 3 pailind glise aae L off DA B) Jla (4248*365=1550520W)
A8 e R A 5A

s EER(Energy Efficiency Ratio) ugedld I S n diluy A dmas dpulaa ) »
24 9di g saldiu) COP(Coefficient Of Performance) ueidlé 3l (hala S a3l gl 5l
COP L EER 238 s 2 296 00 aoallli 53909 (155 JIaa y oliid cud B ) e il
Al g S5 AS W o Ldd B (adld ) L Cad ol yidi (53 0l oalda L& cadly VL
IS 9a T 311 La 8 L La s ) 95 00 2 A U Glba S Ly (e s

@iman.sariri S Olad) 58



S A Sl ja e &) 8 19 diaia Sl B I I

ool (gwiigo pl o 3l
(8555 s129%)

Energy Efficiency Nominal cooling effi- | Nominal heating
Class ciency (EER) efficiency (COP)

3.20 < EER 3.60 <
3.20> EER > 3.00 3.6 -3.40

3.00> EER > 2.80 3.4 -3.20
2.80> EER > 2.60 3.20-2.80
2.60> EER > 2.40 2.80-2.60
240> EER > 2.20 2.60-2.40
2. 20 % EER 240>
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Q2:Generating Q1:Motoring
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e |
Line Reactor
Contactor
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~
Rectifier Common DC Bus

(Infeed)
Inverters / / / / /
S~ ~ T~ ~

Q3:Motoring Q4:Generating
Reverse ) Reverse 45A 15A 30A 25A 7SA

UNWIND PULL ROLL COATER LAMINATOR REWIND
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Regen
Resistor
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Approximate sound levels of common activities when a

Decibels (dB(A)) Activity

0

15

20

30

40

45

50

55

60

65

Threshold of hearing for humans

Normal threshold of hearing for humans

Calm human breathing; very soft whisper

Calm room, library, empty church, secluded woods
Rural ambient background sound: 7 pm-7 am
Rural ambient background sound: 7 am-7 pm
Inside an average home, refrigerator hum

Low volume of TV or radio

Normal conversation

Sleep disturbance

70

80

90

100

110

120

130

gl le qwadgo plhai ko jle
(&7 89%)

Busy business office

Curb side of a busy road

Barn full of finisher pigs at feeding, gas lawnmower
Chainsaw, circular saw, ATV, irrigation pump

Grain dryer fan and burner under full load

Threshold of discomfort, rock and roll concert
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Only Plenum Rated Heaters
are permitted within environmental air spaces.
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Thermal zone ﬁ
Solar heat gain / flux

g

Outdoor space 4

",

Ventilation losses

A

Heat transter towards outdoor space
(stored heat not shown)

Heat transfer towards adjacent spaces
(stored heat not shown)

—»  Convective heat gain / flux

|Adja::ent space

Adjacent space A+ Radiative heat gain / flux
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e ypical Distrbution 80 @) 50 30 10 0
(p CU X Mf And Per Cent I P - < I WDRC
Lamp Lumens
) e [ ow 50 30 10 (505 30 10 | 50 30 10 | 50 30 10| 50 30 10 | O
o e 5 Typical Luminaire >
RCR: BN d\-“ 4.:1;1_1 Caud cﬁ\ 9 9 vaing, | Maximum ; 6
\ ‘ . \ poo . S/MH Coefficients of Utilization for 20 Per Cent Effective Floor Cavity Reflec!anc ¢
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W: u\_i_‘q UA = 45% 5 33 .20 26|32 20 26|31 28 26|30 28 26|30 .27 26| .25 A1
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ol Ve . . ‘Y mﬁ: :r?;z.liaplsscbyog 8 |25 21 9|24 21 9|24 21 9|23 21 48|23 20 8| .18 .09
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Bathroom=100 Steps & Corridor=150

General office work
Laboratory
Class Room=500Lux

Kitchen & Living Room . :
Sitting Room, Reception Room=200 Teeth brushing/Mirror/ Shave=500
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Desired workspace
Lighting illuminance
controller

Dimming leyels

Ceiling-mounted luminaires

A ;
: Measures net daylight reflected

_.‘_ 00 lux

‘!'— 500 lux

e
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Proposed daylight sensing based lighting control system.
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Passive InfraRed detection Microwave detection

Microwave

Sensitivity Under sensitive in higher background temperatures. Consistent detection over all temperatures.
Over sensitive in lower temperatures.

Coverage 90 ° 360 °

Detection Can be insensitive when walking directly towards sensor | Can sense movement through walls
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Microphone Sound Sensor

—

baby crying sensor
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VOICE COMMAND

Light will turn on when given the simple command
“Light on/Turn on”and turn off
when command is“Light off/Turn off”

Light on

@iman.sariri



éﬁjﬁ\ QWUJJUJAQ\JJM 1Q duasa Silal W
A

QUdog) slko Olayd (Juugid) ygh sSan
Jde Oleisls Llsbl Jaxo g9 Liad Qldigy Cdd Hlide Cdl Gyguo Yo A5 gSJS.a.?

GHlwdlad $ly A3 Qldgy o a5 3l 9 cdalad e gy |y B 9 Jlad Iy slidigy
Ggals |y LBl 9 Jladad ) gldigy olhe il Hlydy Todare (Jeugd) G398 S
...USu'

Ol Blhbl Jasxs 9 dbge Uiy Hlhe Gloyd 9 JAS Sly L}A‘- S)9 Jia.«>
.JJ;SL;Jb:é palaiwldy g0

230V

~O oZ

Fuse/MCB

o .

Contactor

( Photocell - Coil
¢529)9 31

GTIr> 9¢5°9)9 U

@iman.sariri S Olad) 92



L;‘»Jm‘ &WUJJUJAQ\JJL 1Q duasa Silal W
A

QUdog) slko Olayd (Juugid) ygh sSan
Jde Oleisls Llsbl Jaxo g9 Liad Qldigy Cdd Hlide Cdl Gyguo Yo A5 gsjiwo-

Slwdlad sl @)Y GUdgy Oud a5 3l) 9 cbilede odgy b B 9 Jlad |y )
Jigels ) Bl 9 Jdad ) gldig) Je edd I8y Todome (Juwgid) §)g5 S
.J.JSu-

Ol Blhbl Jasxs 9 dbge Uiy Hlhe Gloyd 9 JAS Sly io}as S)9 Jia.«>
JJ@L;JbS palaiwldy g0

Line =
' utte
wiceiess = / Push button 2
Connectivty AC/DC Relav ans
Power Supply [ Dr’-\'e"
Sensors |l &Zero Cross ——
1 Pushbunon3<:
10/0/0 =
Central OFF
Neutral®

@iman.sariri S o Olal 93



ol le qwiigo pllai ylojle
(¥ li9%)

AR
]

80% 8 "I"G‘Q*%
50% 10 | 0%

AN LA AN
el ‘. 13
N S LA feo |
f 24 : A ) . i ~
; 10% 11 a 1 [ 4 A | 4 e y
WA/ » B § B 0 oL i (; g &= 8 S B
. f i 0
-
/ 2
X
¥ 1

T ) Sl ] e ol

////// O T ////// T T ////// A ////////

IR




L;‘»Jm‘ &WUJJUJAQ\JJL 1Q duasa Silal W

wasted energy P 2
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VERY BAD

Light Trespass
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. ®  OUTDOOR FLOODLIGHT SHIELDS NN
Parshield it

Shield

p o The dark sky friendly

‘ shield for PAR bulbs A o

Glare - "Controls glare S
Trespass Be g()()d netghbors, use g W
Sky glow Reduces light trespass

} . (¥ 5 . ,
Parshield g[dl‘c" PO Directs light where you need it

Shielding & Safety

Shield Angle
1

Bright, unshielded lights can increase visual o

impairment at night. ‘_/
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d\"“’ﬁj Glbwy (S92 0542 L) uLo.Ub st

Energy

Efficiency

‘Halogen Incandescent
Life span (Avg) 50,0?)8 ::Jurs 1503(')D I:zu rs 20(::)pht:urs 100%pht:u rs
Watts used (60W Equivalent) 133:[“?"0 13:’:[“8;0 4&‘::.’:;0 6&:’:;21‘0
Approximate KW of energy per year used
Using 20 lamps for 4 hours a day 292 438 1226 1752

Approximate annual operating cost
(based on 14p per KWh) Using 20 lamps £40.88 £52.12 £145.94 £208.49
for 4 hours a day
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Excess Power to Grid Electricity to Building
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Chiller Space - Process - Heating

Chilled Water
Electricity =

- Steam

-~ Space Heating
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Exhaust |Gas Chilled Water
| Heat Recovery _ d
l aﬁ It — Steam Generator v
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Space Heating

Hot Water
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ﬂ e Heat Exchanger g

Chilled Water |
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Engine or Turbine Combined Cooling, Heating, and Power (CCHP)
Generator(s)

@iman.sariri S Ol 109



S AN Clenall ja e &) 8 19 Ciaia Sl B

Combined Cooling, Heating, and Power (CCHP)

Fuel Power Generation Unit  Heat Recovery System

Ll —>

@iman.sariri

Auxiliary Boiler Heating Unit Building User




éﬁjﬁ\ QWUJJUJAQ\JJM 1Q duasa Silal W

(VAV) Ao Slgd x> s oo
L )9g0 90 i b (glod 4l & 4 (‘ajs b 3w) G939 Slgd (ex>) 3o Of 4o dS | ox

M(CAV)&AD&‘}QP»W‘}ALMJJWUJ wlp*hugw‘)als‘ﬂawg

...........

VAV Box A .))‘.)
Schematic diagram of a typical
Variable Air Volume (VAV) system
ZONE A
Supply Air T K
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= S = =2 VAV Box B l
Variable -
Filter Supply Fan
l ZONEB |=>
T Preheat Coil
VAV Box C l
Return Air
— s 7 ~75° F
Exhaust Air ¢ ZONEC |
_ y Variable 5
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Rewrnfn .
Building Boundry
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Variable Air Volume . .
Static Pressure ‘— VAV Box @iman.sariri
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Air Handling Unit (AHU)

I
= S Tom
! Filter =] : VAV box
' S partially open
Outside o -
- @ ' @ air
# C 55°F - ==
'{| N Supply : : Diffuser
: Coolp|ng fan | VAV box X
g WEEm—— C_O'_ ______ | fully open O | 55°F
Reeme®%, = #e=e== :
air : Diffuser
| 111 @
: 55°F

= Moderate load

High load
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. / Used for remote

/ control and monitoring
f of system

Optional:
SggwADA Flow Sensor
are VSD: Variable Speed Drive Feedback
RS-485 Network
Twisted Pair Wire
Transducer
Optional:
Suction Transducer P 4
Feedback S

@iman.sariri

Suction

Systems can be configured for use with multiple feedback transducers for redundant backup.
A minimum of one feedback transducer is required for system operation.
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Mini retrofit WiFi smart switch compatible with your current electrical switch
board.The module goes inside the switch board and interface with the
mechanical switch so no need to change the current switches, operates
with your old switch, alexa, google home, mobile app etc.

2T s &3

Barklee By PINC ‘:",} [
Embedded Made Simpie h}'

ini Retrofit SWitc
i\o/l{i\r;anbl! with current electric

Wiring Diagram
Neutral: @ @
Live in: ® |
Liveout:@®® > ) :@1 SN

’
.I- ®
._..'..__.

0LL1 LZQ

N Wi-Fi Smart Switch L3

input Voltage: 95-250V/AC 50-60Hz |
Meax.Loed: 10A/2200W/Gang |
Wireless Type: Wi-Fi 2.4Ghz E
Wireless Standard: IEEE8S02.11 b/g/n ‘

CEFC
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Distributed Control System programmable logic controller
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Values of DIN EN 15232 - demonstrated by building simulation. T
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VDMA/ EN 15232
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