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7 Life cycle analysis and life cycle costs

7.1 Life cycle analysis

Life cycle analysis (LCA) gives an overview of tiemergy and raw materials use of a product from
cradle to grave. It considers also how much soliguyid and gaseous waste and emissions are
generated in each stage of the product’s life. (GDE09)

Extraction and
processing of
raw materials

Recycling and

disposal as @ Manufacturing
waste
Use, reuse and % &

maintenance of Packaging
the product

Marketing

Figure 7-1. A principle schematic of a life cycle analysis.

The scope definition is very crucial in LCA. It daks what is included in the analysis. For example
are transports or mining of the raw materials irtgd, does the analysis concentrate on a specific
life cycle phase, or is the whole life cycle is ®dered. The energy resources used in the operation
phase is very important to be defined. Usually, @mergy use in operation phase causes the largest
environmental impacts of the whole life cycle, esipdly when it comes to energy-using products,
such as lighting equipment.

The LCA is a useful tool in environmentally consagproduct design. The results of the LCA can
be used to compare products or technologies, ardré¢Bults indicate on what to concentrate in
ecodesign. The results of an LCA are often givereagironmental impact categories or as the so
called single scale indices. Environmental impaategories are for example primary energy,
toxicological impacts, global warming potential aratidification potential. These allow the
comparison from the point of view of a single typé environmental impact. Single scale indices
weigh different environmental impacts and calcul#tem into one score to describe the total
environmental performance of a product. This maktes comparison of the total environmental
impact of products easier. Single scale indicesfarexample Ecoindicator'99 and CML2001. The
Ecoindicator'99 concentrates on respiratory effeatsl climate change, whereas the CML2001
emphasizes global warming and acidification. (Enditator 2009) (CML 2001)

In the following examples the environmental effecfsdifferent lamp types are compared on a
general level. The comparison is made regardingr tagergy consumption, not in environmental

impact categories of single scale indices. This esathe analysis very simple and the comparison
easy.
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7 LIFE CYCLE ANALYSIS AND LIFE CYCLE COSTS

In an early study by Gydesen and Maimann (19919, ehergy consumption of a 15 W CFL and a
60 W incandescent lamp is compared for the produgtioperation and disposal phases. The
lifetimes were 8000 h for CFL and 1000 h for incasdent lamp, respectively. The energy used
was also calculated against the light service #rags provide in lumen hours. The results showed
that CFL consumes 17 kWh/MImh and incandescent I8 gWh/MImh.

Table 7-1.Energy consumption and emissions during life cydl€FL and incandescent lamp. (Gydesen and Maimann

1991)

15W CFL 60 W GLS 15W CFL 60 W GLS
Energy consumption & quantity of light Production and use
Production 1.4 kWh 0.15 kWh co, 14.4 kg 70.0 kg
Use 120 kWh 60 kWh S0, 0.11 kg 0.53 kg
Disposal 0 kWh NO, 0.07 kg 0.35kg
Total 121kwh | 60kwh CH, 0.059g 0.259
fly ash 0.82 kg 4.00 kg
Service 7.2Mimh | 0.73 Mimh mercury 1.00 mg 4.86 mg
Energy consumption per Mimh gaseous/solid split 0.40/0.60 1.94/2.92
Production 0.19 kWh 0.21 kWh Disposal
Use 17 kwh 82 kWh mercury 0.69 mg
Disposal 0 kwh 0 kwh solid waste 0.015 kg 0.042 kg
Total mercury 1.69 mg 4.86 mg
Total 17 kWh 82 kWh Total solid waste 0.83 kg 4.04 kg

The mercury content in operation was achieved lsuasng that the electricity is produced with
coal power plant. The amount of mercury and othrarssions from electricity generation depend on
the electricity generation system that differs couiy country.

The European Lamp Companies Federation has publigmironmental impact assessment of
lamps on their webpage. According to that 90% af #imergy is consumed during the operation
phase. In other phases, energy is consumed asMalleesource 4%, production 5% and transport
3%, and disposal releases 2% (ELC 2009).

100 %

80 % -
° 90 %

60 %

40 % ~
20 % ~ 50
—

4%

———

3%

——

2%

0%

Resource Production Use

Transport Disposal

-20 %

Figure 7-2.Lamp energy consumption during life cycle accordiodguropean Lamp Companies Federation (ELC
2009).

Preliminary data of Osram on LEDs life cycle assesat show that only 2% of total energy
consumed by LED based lamps is used in their prtdoc(LEDs Magazine 2009)
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7 LIFE CYCLE ANALYSIS AND LIFE CYCLE COSTS

In the life cycle analysis of light sources the @ewnmental impacts are assessed in raw material
production, manufacturing, distribution, use / comgption and disposal through fifteen
environmental indicators. One of the indicatorghe Global Warming Potential (GWP), which is
measured in kilograms of carbon dioxide (§@quivalents. In the use phase the GWP indicator i
measured by the power consumption. In the followting percentage is the GWP impact of the use
calculated over the total GWP impact for differdight source systems. (DEFRA 2009).

— integrally ballasted LED lamp, 93.3%

— dedicated LED luminaire system, 97.3%

— ceramic metal halide luminaire system, 98.7%

— T5 luminaire system, 97.7%

— integrally ballasted compact fluorescent lamp, 94.7

— general service incandescent lamp, 99.7%.

7.2 Calculation of lighting energy

The total lighting energy used by a lighting systel®pends, in addition to the used equipment
(lamps, ballasts and luminaires), on the lightingsidn and the room itself. The efficiency of the
lamps can be defined as luminous efficacy (Im/WheTballast losses define the efficiency of the
ballast and luminaire output ratio (LOR) defineg tfficiency of the luminaire. The lighting design
has an effect on the position of the luminaireslgted e.g. to working desk), the illuminance,
illuminance distribution and maintenance. Also them has an effect on the illuminance, since part
of the light comes to the working desk through eetions. An extreme example of this is indirect
lighting in which all the light is reflected throdngceiling and walls to horizontal surfaces. Thesha

of the room, height (luminaire distance from hormzal plane) and the surface reflectances (related
to colors) together with the luminous distributiaf the luminaire affect the illuminance and
illuminance distribution in the room.

Figure 7-3 shows the factors affecting the totghling

Pc energy consumption in a room. The efficiency of the
. Tfo _ T luminaire (light output ratio) is represented byeth
| fa & 0R | symbol LOR The utilanceU describes the amount of

Ou g Tt luminous flux reaching the task area divided by the

luminous flux of the luminaires. The utilanee

affected by the luminous intensity distribution tife

luminaire, reflectances of the room surfacgs pw, 2),
\ width (w) and length ) of the room and the distance
8 between the workplane and the luminairdg)( The
lumen maintenance factofMF) includes the lumen
depreciation of the lamps and the depreciation edus
by contamination of luminaire and the room surfaces
The energy consumption can be reduced by dimming
the lights according to daylightfq]. Lights can be
controlled also by an occupancy sensfyj, (a switch
(f9) or adimmer(fc) in the room.

Wy yyBiay

length |

Pr

width w

Figure 7-3. Factors affecting the total energy usage of ligigtin
Reducing the installed power of a lighting systeapresents only one part of the lighting energy

saving opportunity. Lighting energy consumption caeo be decreased by reducing the use of
power by using lighting control systems. This candone by the application of occupancy sensors,
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and automatic switching and dimming according te #vailability of daylight. The total energy
consumption can be calculated, if the total ingtdlpower is known.

W =" Pif 7-1)

energy consumption, KWh

installed power, W

annual burning hours, h

control factor, which takes into account both thieming and switch off periods.

where

—h-—n-Ué

The average illuminance is luminous flux per illumied area. Part of the luminous flux of the
lamps is blocked by the luminaire while part of thininous flux reaching the task area is reflected
from the room surfaces.

The average illuminance of the room is

E:MFE;EE
A (7-2)
where
E average illuminance, Ix
MF  maintenance factor (product of lamp lumen deprmiaand contamination of the
luminaire and room surfaces)

n utilization factor (product of luminaire light optit ratio and utilance of the room).
N number of the luminaires
) luminous flux of the lamps in one luminaire, Im
A area of the room, fn

The total luminous flux of the luminaireN@) is the product of system luminous efficacy) and
installed powerR) i.e. N@ = n4P. Inserting this in Equation (7-2) leads to:
P E

PA ==
A MFLn, (7-3)
where
P, lighting power density in a room, W/m
No system luminous efficacy (lamp luminous efficacgluding ballast losses), Im/W

Equation (7-3) is used to calculate power densiéigs function of light source luminous efficacy in
Figure 7-4. With T5 lamps the luminous efficacy thfe system is 90 Im/W and 500 Ix can be
reach(;:r(]j2 with installed power density of 15 W/riVith CFLs the power density would be about
27 W/nft.
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Figure 7-4. Power density (W/fas a function of light source luminous efficaty{W) at
different illuminance levels (Ix), maintenance facMF = 0.75 and utilization factof) = 0.5.

Figure 7-5 shows the effects of maintenance fabérand utilization factor; on power density. In
the calculations illuminance has been 500 Ix amdgduminous efficacy 80 Im/W. It is possible to
achieve the desired illuminance level of 500 Ixwtower densities of less than 10 W/{rwhen the
maintenance factor is higher than 0.90 and thezatlon factor is higher than 0.80.
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Figure 7-5. Power density (W/fas a function of utilization factor at differemaintenance factor values (MF = 0.50,
0.75, 0.90), calculated for illuminance E = 500dxd system luminous efficagy, = 80 Im/W.

Normalized power density

Hanselaeet al. (2007) defined the normalized power density NPDdyiding the installed power
by the maintained luminous flux on the task areau(iits of 100 Im or 100 Ix, f3) as:
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100
MF U |:I-ORUVIamp m7gear

P
NPD =%B/V/m2 EI.O(]x] =
®ra (7-4)
Where
NPD normalised power density, W/@m100 Ix)

Psys total system power, lamps, ballasts, etc., W
oM maintained luminous flux on the task area, Im

MF  maintenance factor, ratio of the average illaamce on the working plane after a
certain period of use of lighting installation tiod initial average illuminance

U utilance, relatethe luminous flux from the luminaires to the lumumflux on
the target area

LOR Light Output Ratio or the efficiency of the lumaire

Niamp  iNitial luminous efficacy of the lamp, Im/W

Ngear €fficiency of the control gear

According to Hanselaegt al. (2007) the target values for efficient lighting talations arengear >
0.84,Niamp > 70 IM/W,LOR > 0.75,MF > 0.75,U > 2/(1+0.5@n7a/A7a)). Ara is the task area and
Anta the total non-task area. In defining the utilanités supposed that the mean initial illuminance
on the non-task area is lower than the initialmiinance on the task area.

7.3 Economic evaluation of lighting

For economic evaluation of different lighting satuts, a life cycle cost analysis has to be made.
This means, that all cost categories includingiahiand variable costs must be considered over the
lifetime of the whole lighting installation. Initlacosts are e.g. costs for the lighting designhtigg
equipment, wiring and control devices, and the labfor the installation of the system. Variable
costs may include replacement of the burnt out larfiplamping), cleaning, energy, replacement of
other parts (reflectors, lenses, louvers, ballasts) or any other costs that will be incurred.

Usually, only the installation costs are taken irocount. People are not aware of the variable
costs. In commercial buildings the variable costs aften paid by others who rent the apartment,
and the initial costs are usually paid by the ineesvho makes the system decisions. The energy
costs of a lighting installation during the wholéel cycle are often the largest part of the whole

costs.

Costs
Initial costs

The initial costs are the investment costs, whielm ®e converted to annual costs by multiplying
them by the capital recovery factor.

e i@ri)"
@+i" -1 (7-5)

C annual costs of the initial investment, €

I investment cost (initial costs of equipment, desigstallation, etc.), €
i interest rate (i = p/100, where p is interest riat@ercentage)

n number of years (service life of lighting instdilan).
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Variable costs

The variable costs consist of maintenance costssamdice costs. The maintenance costs include
energy costs and lamp replacement costs. The geposts can include, for instance, the costs of
cleaning and reparation of luminaires.

Energy cost,

Energy costs are calculated by multiplying the tqgawer of the lighting installation by annual
burning hours and the price of electricity.
Ce =ny CetF’lO_5 (7-6)

where
C energy costs, €

Niy number of the luminaires

C. price of electricity c/kWh
t annual burning hours, h
P power of the luminaire, lamp and ballast, W.

Lamp costsC,

The annual lamp costs are calculated by multiplyihg lamp price by the quotient of the annual
burning hours and lamp lifet/,, ). Instead of the quotient also the capital recgviarctor can be
used. This is reasonabletft, | is small, i.e. either the burning hours are snmllthe lamp life is
long.

Cp =ne {t/ty )Ja+k) (7-7)

where
C annual lamp costs including the lamps for spéameping, €

n number of the lamps

C price of a lamp, €

t burning hours, h

t, lamp life, h

k average mortality during lamp group replacementqut%.

Group replacement cost,

If lamps are changed by group replacement, theawghent period can be chosen based for
example on 30% decrease of illuminance due to luohegpreciation and lamp mortality. Fluorescent
lamps contain mercury and therefore the replacernests have to include also the disposal of the
old lamps.
CG =N.Cgs /T (7'8)

where

Co annual group replacement cost, €

n number of the lamps

Co group replacement costs per lamp in group replacgnneluding lamp disposal, €

T group replacement period in years, a.
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Spot replacement cosg

where
Cs annual spot replacement costs, €

n. number of the lamps
s spot replacement costs per lamp in spot replaceémetuding lamp disposal, €

c
k average mortality during lamp group replacementquk%
T group replacement period in years, a

Service cost

Service costs result from the cleaning and repanatif luminaires and in dirty conditions also from
the cleaning and/or painting of room surfaces. fervcosts are very dependent on the
circumstances. If the lamps and luminaires areraelaon a regular basis, for instance combined
with the group replacement, then the annual clegquaiosts can be calculated by dividing the work
and material costs by the cleaning period.

Ce =n(cc +cm)/tc (7-10)
where
C. annual cleaning costs, €
n number of the lamps
Cc work costs of cleaning per lamp, €

material costs of cleaning per lamp, €
te cleaning period in years, a.

Example of the use of equations

In the following the energy costses@nd lamp costs Cusing different lamps are calculated. The
lamps are incandescent (Inc.), compact fluores¢ERL) and LED lamps. Since the price of the
lamps is quite different, the lamp costs have bealtulated by using the capital recovery factor,
Equation (7-5). The service life (humber of yea)sis one year for incandescent, three years for
CFL1 and five years for CFL2, LED1 and LED2 lampkhe actual service life of, for example,
LEDZ2 is much longer than five years, taking the aahburning hours of 2000 h and lamp life of
50 000 hours. The service life of LED2 would be $Bars and the initial costs only 3.55 €.
However, due to service life of five years usedtie calculations, the initial costs for LED2 are
11.55 €. Table 7-2 shows the initial values useddalculations. With incandescent lamp, another
lamp costs of 1.05 € has been added after 1500h@800 hours and again after 3500 burning
hours.
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Table 7-2.Initial values for calculation of energy costs alanp costs and
the results of the calculations for different lartypes.

Initial Values GLS | CFL1 | CFL2 LED1 | LED2
Ce price of the electricity, c/kWh 15 15 15 15 15
P power of the lamp, W 60 15 15 15 10
c. price of the lamp, € 0.5 5 10 20 50
t,. lamplife, h 1000 | 6000 | 12000 | 20000 | 50000
t  annual burning hours 2000 | 2000 2000 2000 2000
k  mortality, % 0 0 0 0 0

i interest rate 0.05 0.05 0.05 0.05 0.05
n service life (number of years) 1 3 5 5 5
Calculated values

C, Initial costs, € 0.53 1.84 2.31 4.62 11.55
C. Energy costs, € 18.00 4.5 4.5 4.5 3.00
C. Lamp costs, € 1.05 1.84 2.31 4.62 11.55

Figure 7-6 shows the effect of annual burning hoamsthe lamp and energy costs. When using the
service lives of 3 years and 5 years, the totatedsr CFL1 are 4 € and for CFL2 4.50 €, and for
incandescent lamp 9.50 € with 1000 annual burniogrk.

w 40.00

@

§ 30.00 Inc.
> CFL1
<)

S 20.00 CFL2
(0]

T | LED1
© |

iy 10.00 LED?2
£

©

-1 0.00 |

0 1000 2000 3000 4000

Burning hours
Figure 7-6. Combined lamp and energy costs as a function otiahburning hours for different lamp types.

Figure 7-7 shows the distribution of lamp costs amérgy costs with 2000 burning hours. In case
of the incandescent lamp, two lamps are used duthigyperiod. With LED1 annual energy costs

and lamp costs are almost equal, 4.50 € and 4.6Ph€. price of the LED1 lamp is 20 € and the

service life is five years. The price of electrigiis 15 c/kWh and the power of the lamp is 15 W.

With CFL and Incandescent lamps the energy cogtglaminating.
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Figure 7-7. Lamp and energy costs of different lamp type$\&R200 annual burning hours.

Other considerations

— The electric energy for lighting is an internal hegain in a room. In
winter peaking regions (cold areas) it can be méit for heating, but in
other regions and in summer time it will increase theed for cooling
energy.

— If the lighting is dimmed, for instance according tlaylight, this will
decrease the energy consumption. With fluorescanipk even if the
luminous flux is on the minimum level (1% to 5%)dlsystem energy
consumption is still about 20%.

— Lighting control strategies can help to save eneifyluorescent lamps
are switched off regularly, this will save enerdyt it will shorten the
lamp life and thus increase the lamp and replacdmests. Calculations
show that generally it is economical to switch @tforescent lamps when
the switch off time is 15 minutes or longer.

Maintenance

All system components age by time and must be aaat certain periods (before dropping out).
Lamp performance decreases over time before fai(fiigure 7-8), and dirt accumulations on
luminaires and room surfaces decreases the uibzafactors. The lack of maintenance has a
negative effect on visual perception, task perfoneg safety and security, and it wastes energy as
well. Both aging and dirt accumulation can redulse efficiency of a whole lighting installation by
50% or even more, depending on the application agdipment used. The following measures
should be defined by a regular maintenance schedule

— Cleaning of luminaires, daylighting devices andmo(dirt depreciation)

— Replacement of burned out lamps

— Replacement of other parts (e.g. corroded reflexjtor

— Renovation and retrofitting of antiquated systemd aomponents.
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luminous flux

b

lifetime

Figure 7-8.Lamp luminous flux depreciation during life timgrincipal sketch).

7.4 Examples of life cycle costs

A simple appraisal with very common parameters (agstions) for two lighting examples (shop
lighting and office lighting) shows the LCC dimepsis.

The following terminologies are used in the exansple

E average illuminace, Ix

MF  maintenance factor, including lamp lumen deprecratind dirt accumulation on luminaires
and on room surfaces

n utilization factor (product of luminaire light optit ratio and utilance of the room)
) luminous flux of the lamps in one luminaire, Im

A area of the room, f

w energy consumption, kWh

P installed power, W

t annual burning hours, h

Shop lighting

Required illuminance E= 1000 Ix

Dimensions A=4m x5m =20 m?

n 0,6

MF 0.67 (acc. to DIN12464)

t 3000 h Sm
lamp type HCI-T 35W~> 3500 Im

power (per luminaire) 40 WO 87.5 Im/W

«— 4m ——»
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Simple calculation without maintenance and relamprcosts

®=E.A/(Mm.MF)=49.8 kim

for t =3000 h-> 149 Mimh

P =49.8 kim/87.5 Im/W =569 W» 28 W/m?
for t=3000 h> W = 1700 kWh-> 85 kWh/m2,a

Installation costs 100 €/m
Energy consumption 85 kWh/fa
Costs for electricity (0.15€/kWh price) 12.75 €
Costs for electricity for 10 years 1ZEn?

Present value of a growing annuity

Present value of an annuity is a series of equahpants or receipts that occur at evenly spaced
intervals that occur at the end of each periodtHa present value of a growing annuity (PVGA)
there is a rate of growth of the annuity. Annuisythe payment in the first period.

where
PV(a) value of the annuity at time =0
a value of the individual payments in each compoimgdoeriod
i interest rate that would be compounded for eaehqal of time
Np number of payment periods
g increase in payments, each payment grows bytarfat (1+g).

We can consider the previous example of shop ligihtvith the following assumptions.

Total life cycle 24 years

Maintenance interval 3 yearsy(n 8)
(cleaning and relamping)

Maintenance costs 22 €fm

Interest rate 6%

Electricity cost 12.75 €/fyear (n, = 24)

Electricity price increase 1% /5%

Present values of the total life cycle costs are

Installation 100 €/rh

Electricity 175 €/m (1% annual increase)
Electricity 259 €/m (5% annual increase)
Maintenance 137 €/fr(no annual increase)

Figure 7-9 shows the share of energy costs in ifteeclycle costs. The calculation is done over 24
years. Figure shows two examples of the increash®frices one with 1% annual increase in the
electricity price and the other with 5% annual iease in the electricity price.
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28 %

33%

1 % increase 5 % increase
in electricity 43 % in electricity
O Installation O Electricity [0 Maintenance ‘ ‘ O Installation O Electricity 00 Maintenance ‘

52 %

Figure 7-9. Distribution of costs [€/f] for shop lighting during life cycle of an instaition (24 years).
Increase of 1% (left) or 5% (right) of the price efectricity has been considered.

Office-lighting
Energy efficient office — low power density
Required luminance 500 Ix '
Dimensions: A=4m x5m =20 m?
n 0.7 5m
MF 0.67 (acc. to DIN12464)
t 2000 h
lamp type LFL 54 W-> 4450 Im )
power (per luminaire) 58 W 77 Im/W

“«— in —>

Simple calculation without maintenance and relampgrcosts
® =E XA/ (nxMF) =21kim
for t =2000h—-> 42 Mimh
P=21000 Im/ 77 Im/W = 270 W> 13.5 W/nf
for t=2000 h-> W = 540 kWh-> 27 kWh/ nf

Installation costs 31 €/

Energy consumption 27 kWhia

Costs for electricity (0.15 €/kWh price) 4.05 €
Costs for electricity for 10 years 40 €lm

Life cycle costs with maintenance costs

Total life cycle 24 years
Maintenance interval 6 yearsy(n 4)
(cleaning and relamping)

Maintenance costs 5 €fm

Interest rate 6%

Electricity cost 4.05 €/fa (rp = 24)

Electricity price increase 1% /5%

Present values of the total life cycle costs are
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Installation 31 €M

Electricity 56 €/nf (1% annual increase)
Electricity 82 €/nf (5% annual increase)
Maintenance 20 €/f(no annual increase)

Figure 7-10 shows the share of energy costs indyfele costs in office lighting. The calculation is
done over 24 years. The figure shows two examplkethe increase of the electricity prices; one
with 1% annual increase in electricity, and theatlvith 5% annual increase in electricity price.

5%

29 %

1 % increase 5 % increase

in electricity in electricity
‘ O Installation O Electricity 0 Maintenance ‘ ‘ O Installation O Electricity 0 Maintenance ‘

52 % 62 %

Figure 7-10.Distribution of costs [€/rf] for office lighting during life cycle of an instiation (24 years).
Increase of 1% (left) or 5% (right) of the price efectricity has been considered.

“The standard EN 15193 defines limits for connedighiting power density. For office lighting the
recommended power density is 15 -25 \§/manging from basic requirements (15 Wjmto
comprehensive requirements (25 Wjmin the following, costs for office lighting arealculated
with power density of 25 W/ and presented in Figure 7-11. The installatiosts@re 50 €/fh

Total life cycle 24 years

Maintenance interval 6 yearsy(n 4)

(cleaning and relamping)

Maintenance costs 5€fm

maintenance costs increase 1%

Interest rate 6%

Energy consumption 25 W/Am 2000 h = 50 kWh/rfyear
Electricity cost 7.5 €/fyear (p = 24)

Electricity price increase 1% /5%

Present values of the total life cycle costs are

Installation 50 €/rh

Electricity 103 €/m (1% annual increase)
Electricity 153 €/m (5% annual increase)
Maintenance 20 €/f(no annual increase)

The increasing of the lighting power density up2b W/m2 (maximum power density for office-
rooms according to EN 15193) increases the eneogyscsignificantly compared to the installation
costs, Figure 7-11. When compared to Figure 7-1d ratated calculations, the electricity costs are
increased by about 85%.
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1% 9%
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29%

69 %
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Figure 7-11.Distribution of costs [€/rf] for office lighting during life cycle of an instition (24 years).
Increase of 1% (left) or 5% (right) of the price efectricity has been considered.
The lighting power density is 25 W/m

Conclusions

There is lack of awareness of the fact that thealade costs (operation costs), especially the eperg
costs of a lighting installation during the wholéel cycle, are mostly the largest part of the total
costs, and that proper maintenance plans can séeoé energy during the operating phase of the
installation. Due to this lack of awareness in coammpractice, life cycle costs (LCC) and
maintenance plans are very seldom put into pracilite calculations show that the management of
LCC in the design phase can change the evaluatiaifferent lighting solutions significantly. This
adds weight to the energy aspects and thus influgnthe final decision of the client to more
energy efficient lighting solutions.

7.5 Long term assessment of costs associated with lighyy and daylighting techniques

Fontoynont (2009) has studied financial data legdin the comparison of costs of various
daylighting and lighting techniques over long timperiods. The techniques are compared on the
basis of illumination delivered on the work planerpyear. The selected daylighting techniques
were: roof monitors, facade windows, borrowed lighindows, light wells, daylight guidance
systems, as well as off-grid lighting based on LEp®wvered by photovoltaics. These solutions
were compared with electric lighting installatioosnsisting of various sources: fluorescent lamps,
tungsten halogen lamps and LEDs. Figure 7-12 sheéhes annual costs for various options
(€/MImh).
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Figure 7-12.Annual costs for various lighting and daylightingchniques (Fontoynont 2009).

General results of the study were:

— Apertures in the envelope of the building are ceffective in directing
light in the peripherical spaces of a building, migiif they are durable
and require little maintenance.

— Daylighting systems aimed at bringing daylight digepto a building are
generally not cost effective, unless they use reawdyle industrial
products with high optical performance and low ntaitance, and collect
daylight directly from the building envelope.

— Tungsten halogen lamps, when used continuoushlifiiting, are very
expensive and need to be replaced by fluorescempseor LEDs.

— Depending on the evolution of performance and castd. EDs and
photovoltaic panels, there could also be optiongyémeralize lighting
based on LEDs and possibly to supply them with &leity generated
directly from photovoltaic panels.
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