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Lighting systems



Brainstorming

 What do | know about lighting systems?
* What do | expect to know about lighting systems at the end of this course?




Lighting Energy Consumption

Global Energy Consumption of
Lighting per Sector

8%

29%

m Residential
Commercial
Industrial
Outdoor lighting

46%

Energy consumption of lighting systems covers between 15% and 19% of
global electricity consumption (over 5% of global greenhouse gases
emissions) according to a study by the United Nations Environment
Programme.



Lighting definition of commont terms

Lumen: measure unit of the total "amount" of visible light emitted by a
source (symbol: Im);

Lux: unit of illuminance and luminous emittance, measuring luminous flux
per unit area; equals 1 Im/m?2. (symbol: Ix);

Luminous efficacy: measure of how well a light source produces visible light;
it is the ratio of luminous flux to power in Im/W;

Colour temperature of a light source: the temperature of an ideal black-body
radiator that radiates light of comparable Hue to that of the light source.




Typical lighting levels

Building area

Office — general
Auditorium
Bathroom

Dining room
Conference room
Corridors and stairs
Local roads
Highways

400
400
300
100
300

50
3to8
6 to 14



Light source technologies

L4\
g9

* Incandescent (no more available in
Europe)

 Halogen (partially not available in
Europe)

 Metal halide

* Fluorescent

* Mercury vapour

* High-pressure sodium

* |nduction

 LED (Light Emitting Diode)




Light source technologies

I e T R TR

Luminous efficacy

- - - 40 -
(lumen/Watt] 11-12 18 - 28 40 -75 0-90
Power [W] 5-1.000 5 -450 5-35 1-15
Duration [ore] 1.000 2.000 - 5.000 6.000 - 20.000 10.000 - 50.000

Colour temperature [K] 2.000 - 3.000 2.400 - 3.200 2.500 - 6.000 2.500 - 6.500



Light source technologies

Power [Watt]

Luminous efficacy

[lumen/Watt] 12 A 2 =2
Duration [ore] 1000 3000 10000 25000
Initial Cost [€] 22 24 12 8
Cost of energy in 10 years [€] 237 146 43 35
Total cost in 10 years [€] 259 170 55 43
Economic savings % - 34% 79% 83%

N.B: savings calculations consider a costant amount of light emitted (740 Lumen) and:

» Cost of electricity: 0,18 €/kWh
» Working hours: 6 hours per day and 365 days per year



Light source technologies

I T T

*High efficiency *Very long duration
*Good color rendering < Different colours available * More compact and robust
Pros L : L
*Immediate ignition *Long duration *Immediate ignition
*Low heat emission * Different colours available
Cons *Low efficiency *Long ignition time *High initial cost
*High heat emission * Presence of mercury *Cold light = light pollution
End of life Mixed waste WEEE WEEE

N.B. WEEE: Waste Electrical and Electronic Equipment ﬁ



Main energy conservation measures



General energy conservation measures

Reduce lighting demand by exploiting natural light as much as possible
and also adding automatic control systems (timers and light sensors);

Reduce lighting demand by avoiding over-illumination;
Reduce lighting demand by accurately assess the position of lights;

Reduce lighting demand by using light colors for internal walls and
ceilings;



5.

Genera

Control electrical systems’ stability to avoid voltage fluctuation and

control the value of the power factor;

Table 13.12 Power quality characteristics for different electric devices.

| energy conservation measures

Active Power Powar Current THD
w Factor (%a]

Compact fusrascant lighting systams

13-W quad-tube compact fomscant lemp s NPF 16 Q.64 13
imagnatic balast

1 3n quad-tube compact fluorescent lamp w/ NPE 13 0.50 163
electronic balast

16-W qued-tube compact fliomscent lamp wi HPF 16 .91 20
-glectronic baliast

| Full-size fluorescent Iéhlhg systems {two lampa per

| ballaet)

T12 40-W larmps wi energy-efiicient magnetic ballast for B7 0.98 17
T12 lamps

T12 34 lamps w/ energy-efficiant magnetic ballasts for 72 0.94 22
T2 lamps

TAQ 40-W lemps w/ enorgy efficiant magnetic ballast for o3 0,98 22
T17% lampe

T12 40-W lamps w/ elactronic ballast for T12 lamps 72 0.99 &
T12 34 W lamps w/ elactranic ballast for T12 lamps 62 (.99 -]
T10 40-W lamps w{ elactronic ballast for T12 lamps 75 (0.499 -1
T 34.% lamps w/ elactronic ballasts for T12 lamps i9 Q.93 -3
(TS 32.W lamps w/ alactronic ballast for T8 lamps Lk Q.98 a
T8 32-W lamps wi alactionc ballast for T8 lammps &3 J.08 &

; High-intensity dlunhwg‘éligning aysiems

L 200-W Righ-pressure godium lamp w) magnetic transformer A26 0.a9 14
A00-W meta nalide lamp wf magaetie transfarmer 450 .94 18
Tincand lighting ayst
i 100-W incandescent A lamp 101 1.00 1
1 50-W MR16 low- voitage helogen lamp wi magnetic 2 0.97 &
1 ransformer
1 50-W MR 16 low-voltage hawogen [amp wi electranic 51 0.93 10
| transfermer
- Difige oquipment
| Desktep computer without menitsr 33 0.55 134
112" high-resolution color monitor for deskiop computer 49 .58 138
: Lager printer while in standby 9 0.40 224
. Laser printer while printing 733 .98 15
Exterral faximodem 5 073 47
: Electriz pencil sharpensr B 0.41 a3

L TNLPIF measurad specific products and raported their charactedistics. Thease characteristics may vary

subisy
Dindarmation.
NPF= MNormal Powat Factor
i HPF = High Pawer Factor

ntially for smilar products; specitiors should sheck with product manutecturens for sparific



General energy conservation measures

6. Use motion/occupancy detectors where possible;

Table 13.8 Estimated % savings
from occupancy sensors.

Application Energy Savings

Offices (Private)
Offices (Open Spaces)
Rest Rooms
Corridors

Storage Areas
Meeting Rooms
Conference Rooms
Warehouses

25-50%
20-25%
30-75%
30-40%
45-65%
45-65%
45-657
50-75%

Table 13.9 Occupancy sensor applications.

Sensor
Technology

Private
Office

Large

Open

Office
Plan

Partitioned
Office
Plan

Conference
Room

Fest
Room

Closets/
Copy
Foom

Hallways
Corridors

Warehouse
Aisles
Areas

US Wall Switch

US Ceiling Mount

IR Wall Switch

IR Ceiling Mount

US MNarrow View

IR High Mount Narrow View

Comer Mount Wide

View Technology Type




General energy conservation measures

7. Use efficient lamps where possible;

Table 8.4 Savings by Use of High Efficacy Lamps

Table 2 Appropriate lamps by sector

Sec Lamp type Power saving
Secionr
Existing Proposed Watts % Space use Recommended lamp type
Domestic/Commercial | GLS 100 W *CFL 25 W 73 75 Internal Offices Triphosphor tubular fluorescent, compact fluorescent, low voltage
tungsten halogen luse sparinglyl
Tndustry GLS 13W | *CFL IW 47 78 5 5 . .
GLS 200 W Blended 160 W 40 20 Factories Triphosphor tubular fluorescent, high pressure sodium,
L 40 W TLD 36 W 4 10 metal halide, inductive
Hotels Triphosphor tubular fluorescent, compact fluorescent, low voltage
Industry/Commercial | HPMV 250 W | HFSV 150 W 100 37 tungsten halogen luse sparinglyl, LED
HPLV 400 W HESV I50W 130 33
Hospitals Triphosphor tubular fluorescent, compact fluorescent
Rerail Metal halide, white sodium, compact fluorescent, low voltage tungsten
Table 8.5 Saving Potential by Use of High Efficacy Lamps for Street Lighting halogen luse sparinglyl, LED
Existing lamp Replaced units Saving Lei Triohosphor tubular f ort, 4 nt, | halide. inducti
. Life . Life R
Type w hrs. Type W W % Emergency directional ~ LED
GLS 200 1000 ML 160 5000 40 7 External  Car parks High pressure sodium, metal halide, compact fluorescent
J ')
GLS 300 {000 ML 230 5000 =0 17 Multi-storey car parks Trphosphor tubular fluorescent, compact fluorescent, metal halide,
TL 2x40 | 5000 TL 2x36 5000 8 6 high pressure sodium
HPMV 125 5000 HPSV 70 12000 25 = o ) ' i
HPMV | 250 |5000| HPSV 150 12000 100 40 Floodiighting Al bt ] Yy B
HPMV 400 5000 HPSV 250 12000 150 38 Feature Metal halide, high pressure sodium, triphosphor tubular fluorescent, LED

Sports facilities

Metal halide (4,000K+)




General energy conservation measures

improvement measure | Savings | Additional notes

Savings estimated
considering yearly average
natural illumination where
available.

Improve natural light use 40-60 %
Use occupancy detectors 10-50%
Use timers 10-40 %
On/off 10-50%
Use dimmering 10-50 %
Use light sensors 10-40 %

Consider the use of the
building.

Consider actual occupancy.

Savings estimated
considering an initial
situation where lights are
always on.

Consider lighting demand.

Consider lighting demand
during night time.
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Lighting case study



Train maintenance workshop

Surface=120.880 m2;
* 450 workers per shift;
* 3 shifts per day;

*  Two sheds;

. One warehouse;

*  One office buildings;

. Locker rooms;

*  External tracks.

. val I . Corrective Train
Train arriva Cleaning maintenance departure




Train maintenance workshop

Energy analysis of the workshop conducted in 2011;
Yearly water consumption = 292.000 m3;

Yearly gas consumption = 157.300 Sm3;

Yearly electricity consumption = 3,34 GWh

Compressors

Electric motors

Other electrics

Outdoor lighting

Indoor lighting



Train maintenance workshop

* Improvement of natural light use

Solar tunnels

Rooflight



Train maintenance workshop

Guidelines for indoor lighting — sheds:

Optimisation of number and position of lamps;

Selection of the most convenient lamp typology considering the Life Cycle
Cost;

Use lighting equipment allowing wide beams;

Install separate power supplies.




Train maintenance workshop

Results— sheds:

e |nitial situation: 272 mercury vapour lamps (68kW in total) always on
(24/7), with a total yearly cost of energy of 90.000 Euros and a duration of

10.000 h;

e 255 High-pressure Sodium lamps with higher efficiency (124 lumen/W)
and longer duration (30.000 h);

e Total cost of the substitution: 14.000 Euros;
e Total savings: 5.500 Euros/year;

* Adding the separate power supply (40 Euros/unit) savings increase to
14.000 Euros/year.



Train maintenance workshop

Guidelines for outdoor lighting:

Check of lighting demand;

e Use of light sensors;

* Use high-efficiency, long-duration lamps;

e Use spotlights allowing wide beams;

* Install separate power supplies.




Train maintenance workshop

Results— stopover area:

e |nitial situation: 80 mercury vapour lamps (250W per lamp) always on
(24/7), with a total yearly cost of energy of 26.000 Euros and a duration of

10.000 h;

e 12 High-pressure Sodium lamps (150 W per lamp) with higher efficiency
(117 lumen/W) and longer duration (30.000 h);

e Total cost of the substitution: 5.100 Euros;
e Total savings: 18.400 Euros/year.
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