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0 PREFACE

VITO and its partners are performing the prepasaspudy for the new upcoming eco-design
directive for Energy Using Products (EuP) relateddbmestic lighting, on behalf of the
European Commission (more irtittp://ec.europa.eu/enterprise/eco_design/indektren.

The environmental impacts of Energy-using Prodgcish as domestic lighting take various
forms, including: energy consumption and the relategative contribution to climate change,
consumption of materials and natural resourcestemgsneration and release of hazardous
substances. Eco-design, which means the integrafi@mvironmental considerations at the
design phase, is arguably the best way to improgehvironmental performance of products.

The creation of a coherent framework for environtaleproduct policy avoids the adoption of
uncoordinated measures that could lead to an dvegdtive result; for example eliminating a
toxic substance from a product, such as mercum feomps, might lead to increased energy
consumption, which could in total have a negatiapact on the environment. A Community
framework also ensures that divergent nationalegional measures, which could hinder the
free movement of products and reduce the compatidiss of businesses, are not taken. It is
not the intention to decrease the quality of domdighting.

You can follow the progress of our study and fimshgyal information related to lot 19 on the
project website when you register as stakeholuép://www.eup4light.net
Please, also consult the website for timing anéiisgtion of the tasks.
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7 IMPROVEMENT POTENTIAL

The importance of assessing the improvement patestiaddressed in Article 15 (c) of the
2005/32/EC Directive:

‘the EuP shall present significant potential for noyement in terms of its
environmental impact without entailing excessivetgotaking into account in
particular the absence of other relevant Commuitgtyislation or failure of
market forces to address the issue properly and ide wdisparity in the
environmental performance of EuPs available on therket with equivalent
functionality.

This indicates that costs, existing Community lagisn, and self-regulation as well as the
environmental performance and functionality of aevirange of the existing EuP need to be
assessed.

What “costs” entall is indicated in Article 15 (@nposing that the implementing measure shall
not have a significant negative impact on:

a) the functionality of the product for the user;

b) health, safety and the environment;

c) the affordability and life cycle costs to thensamer;
d) industry’'s competitiveness.

as well as not leading to:

e) imposing proprietary technology or;

f) an excessive administrative burden for industry.

The boundary conditions a) and b) are to be defiped product to a large extent in
harmonised EN standards to provide an objectivas blas assessment. Condition e) is
relatively easy to assess from desk-research acdssions with stakeholders. The question of
which characteristics of an implementing directiveuld create ‘an excessive administrative
burden’ can only truly be establishex-postif one or more proposals for legislation are
known. This leaves us with two conditions c¢) andvdich are — in part — linked and which
play a key role in the methodology that will becdissed hereatter.

Chapter 7 consists of identifying the improvemeggign options, their monetary consequences
in terms of Life Cycle Cost for the consumer, themvironmental costs and benefits and
pinpointing the solution with the Least Life Cydeosts (LLCC) and the Best Available
Technology (BAT). The assessment of Life Cycle €astrelevant to indicate whether design
solutions might negatively or positively impact ttwgal EU consumer’s expenditure over the
product’s complete life (purchase price, operatiogts, etc.). The gap between the LLCC
and the BAT indicates - in a case where the LLClOt®m is set as a minimum target - the
remaining margin for product-differentiation (cortipen). The BAT indicates a medium-term
target that would rather be subjected to promotmemsures than restrictive action. The
BNAT indicates long-term possibilities and helpsdfine the scope and definition of possible
measures in the long run.



Key improvement options have been identified onlthsis of current technology development
and research as described in chapter 6. Such i@t options are further elaborated in the
following sub-sections, presenting their respecgwwironmental improvement potential and
associated costs when implemented in the base-cases

Chapter 5 showed that the indirect environmentghirts due to the electricity consumption
during the use-phase represents the largest sliatee environmental impacts. Therefore,
suggested improvement options target the reductiarectricity consumption per lumen and
per hour. Possible ways to achieve this objectieg@a

* increase the lamp efficacy of the base-case, or

* replace the base-case lamp with another type gf lechnology having higher lamp
efficacy.

Improvement potential related to luminaires willdgalysed in the scenario analysis of Chapter
8.

7.1 Improvement options with cost and impact assessment

Scope:ldentification and description of design options énvironmental improvement with a
guantitative assessment of estimated cost impatthenenvironmental improvement potential
using the MEEUP EcoReport.

The base-case life cycle cost is calculated u$iaddllowing formula:
LCC = PP + PWF * OE,

where,
LCC is Life Cycle Cost,
PP is the Product Price (see also chapter 2 and 4),
OE is the Operating Expenses per year,
PWEF is the Present Worth Factor according to thewong formula:

PWF= {1 — 1/(1+ Y VIr,

where
N is the product life (see also chapter 2 and 3),
r is the discount (interest-inflation) rate (seater 2).

Detailed calculations of the improvement options ba found in the complementary MEEuUP
EcoReports (in  Microsoft Excel format) that are Imlied on the website
http://www.eup4light.netfor each improvement option. The input parametars the
performance and cost parameters defined in thaequ®ehapters. Stakeholders can use these
excel spreadsheets for assessing and verifyingghens.




For each option, environmental impacts as well agfé cycle costs are calculated per hour
and per lumen allowing a fair comparison between dierent improvement options.
These values will serve in section 7.2 for determimy the LLCC and BAT options.

7.1.1 Base-case GLS-R

After a detailed analysis of available technologreshapter 6, the improvement options to
decrease environmental impacts of a reflectivendeacent lamp aim at reducing the electricity
consumption during the use phase. Each improveoin applicable to the base-case GLS-
R is presented in the following paragraphs withréfstive impacts on the BOM and on the
product price compared to the base-case. Tableprédents a summary of the proposed
improvement options for the base-case GLS-R (afleincandescent lamp).

Table 7.1: Summary of the main characteristichefimprovement options for the base-case

GLS-R
Functional
lumen
Average - Lamp Yearly
Lamp cap: Average | lamp oqtppt LWFt Electr|C|ty life burning .Lamp Purchase
Wattage 1 : within 2 consumptio . lifespan .
E27 LLMF= | efficacy X n (Whih) time hours (years) price (€)
(Im/W) opening (hours) | (hours/year) Y

angle of

90°(Im)
pase-case GLS-| 50 | 0965 | 516 | 25814 | 1 50 1000 500 2.00 | 1.30
Option1: HL-
MV-R Xenon 50 0975 | 829 | 41633 | 1 50 2000 500 400 | 14.00
and optimized
filament design
Option2: HL-
MV-R with
infrared
coating, 21 0.975 | 14.04 | 297.38 1 21 5000 500 10.00 | 26.00
integrated
electronic
transformer,
Xenon, dichroic
Option3: CFLi-R 20 0.925 29.51 407.00 1.05 21 6000 500 12.00 15.00
Option4: LEDI-R 7.4 0.850 334 209.95 1.05 7.77 30000 500 60.00 40.00

7.1.1.1 Option 1: Replacing the GLS-R with a Xenon HL-MV-R and optimized
filament design

A HL-MV-R Xenon with optimized filament design (58V — 416 lumen) has lower
environmental impacts per lumen and per hour coetpty a GLS-R (50 W — 258 lumen) due
to the higher lamp efficacy and thus this replacgnean be considered as an improvement
option as discussed in chapter 6, section 6.1.1.2.

! Lamp Lumen Maintenance Factor
2 Total Lamp Wattage Factor
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The bill of materials (BOM) as well as the packagetlme of this improvement option were
assumed to be the same as the base-case HL-MV-W®/Y%€ee chapter 5).

7.1.1.2 Option 2: Replacing the base-case GLS-R with HL-MV-R with infrared
coating, integrated electronic transformer and Xenon

In chapter 6 (see section 6.1.1.5), a new techgodilog halogen lamps (mains voltage) was
presented with use of infrared coating, togethé an integrated electronic transformer. This
technology allows enhancing the lamp efficacy als ageextending the lifetime.

7.1.1.3 Option 3: Replacing the base-case GLS-R with a CFLi-R

The third improvement option of the base-case GL&-Ro replace it with a reflective
compact fluorescent lamp with integrated ballasiis Type of lamp was developed in order to
provide a substitution product with higher energficiency (i.e. lamp efficacy) for
incandescent lamps. However, the CFLI-R often hizsger beam angle (80 — 120°) than its
GLS-R counterparts. Considering this, the CFLi-RRglaot provide the equivalent directional
lighting function and comfort as a GLS-R. Also tbelour rendering index (CRI) value is
lower.

7.1.1.4 Option 4: Replacing the base-case GLS-R with an LEDi-R

An LEDI-R of 7.4 W was chosen as it is currentlg thost powerful directional LED on the
market. It presents a significant improvement mgeefficacy (+547%) and lifetime (+3000%),
it also has a very high cost of 40€ (+2997%), whachild pose an adoption barrier. Please
note that for many LED types the colour renderirdek (CRI) is lower.

Note While being a significant improvement in termsefficacy, the HIDi-R is not identified
as an improvement option as it is not a valid fétaption because of its very high lumen
output, which is almost four times higher than tbéthe base-case (1025 Im vs. 258 Im).
Indeed, as mentioned in chapter 6, normal HID laampsmainly available in high lumen output
versions (> 1000 Im), and are rarely used in indmmestic applications.

7.1.2 Base-case HL-MV-R

Three of the four improvement options in the bassecGLS-R are also improvement options
for the base-case HL-MV-R: Xenon HL-MV-R, CFLi, abB8Di-R. The GLS-R improvement
option HL-MV-R with infrared coating technology,t@grated electronic transformer, and
Xenon cannot be used as no retrofits currentlyt.eAdditionally, the improvement option
LEDI-R is more likely to replace the typical HL-MR-in the long term.

The three improvement options mentioned above @ngared to the base-case HL-MV-R in
Table 7.2.
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Table 7.2: Summary of the main characteristichefimprovement options for the base-case

HL-MV-R
Functional
lumen
Average - Lamp Yearly
Lamp cap: Average | lamp oqtpgt LWF Electr|C|t.y life burning .Lamp Purchase
Wattage ' within consumption . lifespan :
GU10 LLMF | efficacy X t (Whih) time hours (years) price (€)
(Im/W) opening (hours) | (hours/year) Y
angle of
90°(Im)
Dase-case HL- 50 | 0975 | 634 | 32273 | 1 50 2000 555 360 | 3.10
Optionl: HL-MV-
R Xenon and 50 | 0975 | 820 | 41633 | 1 50 2000 555 3.60 6.50
optimized
filament design
Option2: CFLi-R 7 0.925 11.19 78.63 1.05 7.35 6000 555 10.81 6.00
Option3: LEDI-R 4.7 0.850 26.35 144.5 1.05 494 30000 555 54.05 30.00

Options 2 and 3 cannot be considered a true replagent option as their luminous
output are too low to be considered a realistic redfit option for the base-case A possible
improvement using a LED module in a LED luminagealiscussed in section 6.1.8. For LEDI-
R this might improve in future with higher lumentput (see section on BNAT in chapter 6).

As the luminous output of the base-case and Ogiids not the same, these lamps will be
analysed further on a per lumen per hour basieatian 7.2.2.

A more detailed comparison both in terms of enwimental impacts and economic costs is
provided in section 7.2.2.

7.1.3 Base-case HL-LV-R

The improvement options investigated for the basecHL-LV-R are the HL-LV-R with
Xenon, HL-LV-R with Xenon and infrared coating teology, and the LEDi-R. The
characteristics of these substitution lamps arsgmted in chapter 6, section 6.1.3, and it was
assumed that the BOM and the packaged volume frtigirovement option are the same as

those of the base-case.

Table 7.3: Summary of the main characteristichefimprovement option for the base-case

HL-LV-R
Functional
lumen
Average - Lamp Yearly
Lamp caps: Average | lamp oqtppt LWF Electr|C|t.y life burning .Lamp Purchase
Wattage ) within consumption . lifespan .
GU5.3 LLMF | efficacy X t (Whih) time hours (years) price (€)
(Im/W) opening (hours) | (hours/year) Y
angle of
90°(Im)
Base-case:
HL-LV-R 35 0.975 13.07 458.25 1.11 38.85 4000 695 5.76 1.50
Optionl: HL- | »5 | 0g75 | 1443 | 36173 |1.06| 265 2000 695 288 | 7.00
LV-R Xenon
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Option2: HL-

LV-R with
infrared
coating and
Xenon

20

0.975

14.82

297.38

1.06

21.2

5000

695

7.19

7.50

Option3:
LEDi-R

4.4

0.850

26.35

115.60

1.05

4.62

30000

695

43.17

30.00

As the luminous output is not the same, these lamipbe analysed further on a per lumen per
hour basis later in section 7.2.3.

The LEDi-R does not offer enough lumen output to beconsidered a possible
replacement option and will not be analysed further A possible improvement using a LED
module in a LED luminaire is covered in 6.1.8. E&DI-R this might improve in future with
higher lumen output (see section on BNAT in chap)er

7.2 Analysis LLCC and BAT

The LLCC and BAT analysis is an important step e tMEEuP where the suggested
improvement options are evaluated for their envimental and economic implications
extending over the complete life cycle of the prdu

The objective of this sub-task is to analyse imprognt options (which in turn are based on
improvement potentials) using EcoReport and théripse them according to their life cycle
costs (LCC) in order to identify the option witha#t life cycle cost (LLCC), as well as the
option with the best environmental performance,the BAT option.

Individual options have different impacts: someegate considerable savings on running costs
at hardly any extra production costs; some are mexpensive and deliver modest
environmental improvements providing little redoatin running costs.

For each base-case, the life cycle costs and emeental impacts of the improvement options
are presented per lumen and per hour in orderldéav & fair and relevant comparison and
ranking.

On the basis of obtained results, following graphew the environmental assessments for
each base-case, with the GER (total energy consumpver lifetime including production
phase), the GWP (Global Warming Potential) andnikecury emissions as key environmental
parameters. Mercury emissions are also presenbtee sompact fluorescent lamps contain
mercury, which can be released if the end-of-fi&atment is not appropriate.

7.2.1 Base-case GLS-R

Based on the inputs of the improvement options gmtesl in section 7.1.1, Table 7.4
highlights the main results in terms of environnaémnpacts (GER and GWP) as well as in
monetary terms (Life Cycle Cost).

13




Table 7.4: Key results of the improvement optiams\sis for the base-case GLS-R

- Total GER per Total GWP per LCC per
S Product | Lumen lumen
= . - e Energy| lumen per GWP lumen per LCC
= Option description lifetime | output per hour
o (hours) | (Im) GER hour (kg CO hour (mg (€) (10°
(MJ) (I/Im/h) eq.) | CO:eq/im/h) €lim/h)
0 Base Case GLS-R 1000 | 258.14 580 2246.84 28 108.47 8.74 33.85
Replacement with Xenon
HL-MV-R Xenon and 2000 416.33 1105 1327.07 51 61.25 28.62 | 34.37
optimized filament design
Replacement with HL-MVA
R with infrared coating, | 544, | 59739  1158) 778.80 53 3564 | 4056 | 27.28
electronic transformer,
Xenon, and dichroic
Replacement with CFLi-R| 6000 407 1382 565.93 63 25.80 32.18 | 13.18
Replacement with LEDi-R| 30000 | 209.9§ 2510 398.51 112 17.78 61.48 9.76

Figure 7.1 shows that Option 4 leads clearly to l&asst life cycle cost (per lumen and per
hour) and requires less energy (GER) than the atty@ovement options. Thus, it is both the
LLCC and the BAT option. Compared to the base-c#se,reduction in terms of LCC is
about 71 % and about 82 % in terms of total eneogpygumption.
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Figure 7.1: LCC curve — environmental performangpressed in total energy consumption
(GER) for the improvement options for the base-€ls8-R

Figure 7.2 presents the same trend when the fecos the global warming potential, as the
energy consumed during the use phase dominateal gi@yming emmissions. Further, the

amount of mercury emissions to air over the etiteecycle (i.e. the use phase and the end-of-
life) per lumen and per hour is also presented.
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As already discussed in chapter 5, mercury emissian have two origins:

» the use phase, due to the power generation fromiteas assumed that, taking into
account the electricity mix of Europe, 0.016 mgadrcury is emitted to air for the
production of 1 kWh.

* the end-of-life phase, due to the share of noneledyCFLI-R (assumed equal to 80
%). Therefore, for a typical CFLi-R containing 4 mfimercury, 3.2 mg is assumed
to be emitted to air at the end-of-life becausis istimated that only 20 % of the
mercury content is recycled at present althoughré&tiulation requires recycling.

Due to the lack of recycling, Option 3 (replacemeith CFLi-R) does not give lower overall
mercury emissions than Option 1 and 2 althougletdetricity consumption per lumen and per
hour is lower than in Option 1 and 2. The mercuryssions of the other replacement options,
like global warming potential, have a direct caatieln to the energy and thus Option 4
presents the greatest reduction of 81%.

120,00 3,50
100,00 \ - 3,00
L 2,50

80,00

A - 2,00

60,00
\ - 1,50

40,00
2 - 1,00
20,00 - 0,50
0,00 0,00

0 1 2 3 4

Hg/Im/h)

GWP per lumen per hour {mg CO2 eq/Im/h)

Total mercury emitted per lumen per hour {ng

Options

== GWP per lumen per hour (mg CO2 eq/Im/h)

——Total mercury emitted per lumen per hour (ng/Im/h)

Figure 7.2: Environmental performance expresse@WP and in mercury emissions for the
improvement options for the base-case GLS-R

Electricity costs, reflecting the electricity congotion, and the life cycle cost are presented for
each improvement option per lumen and per hourigarE 7.3. The gap between the two

curves represents the product price per lumen anch@ur. The figure shows that the high

product price is why the LCC of Option 1 is highlean that of the base-case.
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Figure 7.3: LCC curve — environmental performangpressed in total electricity costs for
the improvement options for the base-case GLS-R

The complete results of the EcoReport includingdifferent options are presented per lumen
and per hour in Table 7.5 in order to allow a gtitorward comparison.
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Table 7.5: Comparison of GLS-R options for eachrenmental indicator

Base-case GLS/

R Option 1 Option 2 Option 3 Option 4
main environmental unit value per lumen | value per lumen | value per lumen| value per lumen| value per lumen
indicators per hour per hour per hour per hour per hour

J 2246.84 1327.07 778.80 565.93 398.51
Total Energy (GER iati i
o (GER) variation with the| 0,000 -40.94% -65.34% -74.81% -82.26%
J 2035.29 1261.60 741.80 543.15 386.23
of which, electrici iati i
v variation with the| 0,000 -38.01% -63.55% -73.31% -81.02%
ultr 136.54 84.44 49,64 37.80 26.48
Water (process iati i
(process) variation with the| 0,000 -38.16% -63.65% -72.32% -80.61%
ultr 5423.44 3362.72 1977.27 144528 1027.30
Water (coolin iati i
(cooling) variation with the| 0,000 -38.00% -63.54% -73.35% -81.06%
ug 272553 1593.87 933.50 665.35 526.11
Waste, non-haz./ landfill iati i
variation with the| 0,000 -41.52% -65.75% -75.59% -80.70%
Waste, hazardous/ _ug _ 50.87 30.30 17.78 31.42 17.71
incinerated varsionwin el 0.00% -40.43% -65.04% -38.24% -65.19%
Emissions (Air)
reenhouse Gase rﬁg.cozliq.h 107.16 60.77 35.57 25.63 17.87
GWP100 varsionwin el 0.00% -43.29% -66.80% -76.08% -83.33%
1g SO2 eq. 572.49 339.94 199.46 145.56 102.64
Acidifying agents (AP iati i
ving agents (AP) variation with the| 0,000 -40.62% -65.16% 74.57% -82.07%
Volatile Org Ng 1029.57 558.94 326.30 24053 172.35
Compounds(VOC) Var'g‘g‘;g_‘é”;:ethe 0.00% -45.71% -68.31% -76.64% -83.26%
.
Persistent O, 10° pg i-Teq 15.49 9.02 5.28 3.70 3.60
Pollutants (POP) variation with the| 6,000 -41.80% -65.91% -76.13% -76.79%
ng Nieq. 47.48 25.76 15.03 1059 7.84
Heavy Metals(HM iati i
Y (FM) variation with the| 6,000 -45.75% -68.34% 77.71% -83.49%
ng Nieq. 14.78 5.66 3.24 2.16 161
PAHS Tation wi
variation with the| 6,000 61.72% -78.09% -85.38% -89.10%
Particulate Matter (PM, _ .pg i 28.06 12.89 741 3.92 513
dust) variation with the| 6,000 54.07% -73.59% -86.04% -81.73%
Emissions (Water)
ng Hg/20 14.30 8.55 5.02 4.84 3.39
Heavy Metals(HM iati i
Y (FM) variation with the| 6,000 -40.19% -64.91% -66.11% -76.31%
ng PO4 105.66 54.98 31.87 31.64 28.58
Eutrophication (EP iati i
P EP) variation with the| 6,000 -47.97% -69.83% -70.05% -72.95%

Table 7.5 shows that the replacement of a GLS-RV3fy a 7.4 W LEDI-R is the best option
for almost all environmental indicators, with a dese of 65 - 90% for all the environmental

impact indicators.
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The analysis of the improvement options of the bassase GLS-R shows that the LEDI-R
is the “best option”, as it is both the LLCC (LeastLife Cycle Cost) point and the BAT
(Best Available Technology) point, i.e. leading tthe highest reduction of environmental
impacts.

7.2.2 Base-case HL-MV-R

The main outcomes of the environmental assessnfetiteobase-case HL-MV-R and its
improvement option as well as their life cycle cast presented in Table 7.6. Values are given

per lumen and per hour allowing a comparison betvike lamp types.

Table 7.6: Key results of the improvement optioalysis for the base-case HL-MV-R

- Total GER per Total GWP per LCC per
S Product | Lumen lumen
el . - e Energy| lumen per GWP lumen per LCC
= Option description lifetime | output per hour
o (hours) | (Im) GER hour (kg CO hour (mg (€) (10°
(MJ) (INm/h) eq.) | CO:eq/im/h) €lim/h)
0 Base Case HL-MV-R 2000 | 322.73 1105 1711.96 51 79.01 17.77 | 27.53
Replacement with Xenon
HL-MV-R Xenon and 2000 | 416.33 1105 1327.07 51 61.25 21.17 | 25.42
optimized filament design

The environmental indicators GER, GWP and mercuamgg&ons are plotted in Figure 7.4 and
Figure 7.5. Replacing a typical HL-MV-R (50 W) wi@ption 1 results in the decrease of the
total energy required during the entire life cyble22 %. The reduction is the same for the
global warming potential.

Mercury emissions are not discussed for this bases;cas there is no mercury embedded
within the base-case nor the improvement options.

In monetary LCC terms, Option 1 is 8% less expengian the base-case. The small reduction
is because the product price of Option 1 is 110@aigr than that of the base-case.

18
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Figure 7.4: Environmental performances expresse@ER and in GWP for the improvement
option for the base-case HL-MV-R
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Figure 7.5: LCC curve — environmental performangpressed in total electricity costs for
the improvement options for the base-case HL-MV-R

Table 7.7 presents the EcoReport outcomes per lameper hour as well as the difference of
the improvement options results compared to thdseedbase-case.
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Table 7.7: Comparison of HL-MV-R options for eaokisonmental indicator

Base-ca;e HL-MVA Option 1
main environmental . value per lumen value per lumen
L unit
indicators per hour per hour

J 1712.35 1327.38
Total Energy (GER it i
gy (GER) variation with the 0.00% 55 48%
base-case
J 1627.49 1261.60
of which, electrici it i
ty variation with the 0.00% 22 48%
base-case
ultr 108.92 84.44
Water (process, iati i
(p ) variation with the 0.00% 55 48%
base-case
ultr 4338.00 3362.72
Water (coolin it i
( g) variation with the - 22 48%
base-case
ug 2056.13 1593.87
Waste, non-haz./ landfill it i
variation with the 0.00% -22.48%
base-case
Waste, hazardous/ _ .ug i 39.09 30.30
incinerated variation with the 0.00% -22.48%
base-case '
Emissions (Air)
Greenhouse Gasem rﬁg.COZleq. 78.40 60.77
GWP100 variation with the 0.00% -22.48%
base-case '
ug SO2 eq. 438.53 339.94
Acidifying agents (AP it i
fying agents (AP) variation with the 0.00% 95 48%
base-case
Volatile Org. Compounds — ng i 720.73 558.69
(VOC) variation with the 0.00% -22.48%
base-case
3.
Persistent Org. Pollutants 107pgi-Teq 1163 9.02
(POP) variation with the 0.00% 22 48%
base-case
ng Nieq. 33.23 25.76
Heavy Metals(HM it i
y (HM) variation with the 0.00% 95 48%
base-case
ng Nieq. 7.30 5.66
PAHs e ;
variation with the 0.00% -22.48%
base-case
Particulate Matter (PM, _ .ug i 16.57 12.85
dust) variation with the 0.00% -22.48%
base-case
Emissions (Water)
ng Hg/20 11.03 8.55
Heavy Metals(HM it i
y (HM) variation with the 0.00% 95 48%
base-case
ng PO4 70.92 54.98
Eutrophication (EP it i
p (EP) variation with the 0.00% 55 48%
base-case

As the BOM of the base-case and improvement opsiotihe same but the energy use of
Option 1 is less, there is a uniform 22.48% redunctif environmental impacts.
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7.2.3 Base-case HL-LV-R

The key environmental and monetary results fromBEbeReport of the base-case HL-LV-R
are presented in Table 7.8.

Table 7.8: Key results of the improvement optioalysis for the base-case HL-LV-R

GWP per
5 : Product | Lumen Total GERper | Total lumen per LCC per
2 Option lifetime | output Ener lumen per| GWP hour (m LCC lumen per
5 description P gy hour (kg CO 9 | (Euros)| hour (10°
(hours) (Im) [ GER (MJ) CO;
(I/Im/h) eq.) eq/im/h) €/Im/h)
0 |Dase-case HL 4000 | ass2s| 1686 | 91997 | 76 4143 | 2387 | 1302
Replacement with
1 Xenon HL-LV-R 2000 361.73 611 844.71 29 40.12 14.82 20.49
Replacement with
o |HLLV-R with | 5000 | 297.38| 1168 | 785.26 | 53 3585 | 2257 | 15.18
infrared coating
and Xenon

Similar to previous base-cases, all of the imprey@noptions result in a decrease of energy
use and global warming potential. As shown in Fegtu6, Option 2 reduces GER by 15% and
GWP by 13%.
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Figure 7.6: Environmental performances expresse@iR and in GWP for the improvement
option for the base-case HL-LV-R
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All improvement options increase lifecycle costsown in Figure 7.7. As HL-LV-R had the
lowest LCC of the base-cases, it is reasonablentienstand that improvement options would
have less of an impact. The LCC of Option 1 is iotpd by a significantly shorter lifetime (-
50%), while Option 2 has a lower lumen output tti@base-case. Judging from the figure, it
appears that product price is the reason for trease of LCC for option 1 and 2.
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Figure 7.7: LCC curve — environmental performangpressed in total electricity costs for
the improvement option for the base-case HL-LV-R

Mercury emissions are not discussed for this bases;cas there is no mercury embedded
within the base-case nor the improvement options.

Outcomes of the LCA carried out with the EcoReponl for both the base-case and its
improvement options are provided in Table 7.9. @p® provides the biggest improvements
on environmental indicators, reducing most categoby around 15%, but increase PAH
emissions by 2%. It is important to note that wiitprovement Option 1 decreases GER and
GWP, many environmental indicators increase, padity PAHs (+62%) and particulate
matter (+40%). This is due to the shorter lifetiofieOption 1 (-50%), which creates the need
to replace lamps more often. These replaced larapslate into greater environmental impacts
from production.
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Table 7.9: Comparison of HL-LV-R option for eaclissnmental indicator

Base-crlsljs HL-MV- Option 1 Option 2
main environmental unit value per lumen per| value per lumen per| value per lumen per
indicators hour hour hour

J 919.97 844.71 785.26
Total Energy (GER iati i
gy (GER) variation with the 0.00% 8.18% 14.64%
base-case
J 890.39 769.76 748.80
of which, electrici it i
ty variation with the 0.00% 13.55% 15.90%
base-case
ultr 59.48 51.63 50.07
Water (process, iati i
(p ) varlztlon with the - D 15.82%
ase-case
ultr 2373.81 2051.26 1996.10
Water (coolin iati i
( g) varlztlon with the - D 15.91%
ase-case
ug 1082.79 1020.27 930.36
Waste, non-haz./ landfill it i
varlztlon with the 0.00% 5.77% 14.08%
ase-case
Waste, hazardous/ _ .ug _ 21.08 19.15 17.94
incinerated variation with the 0.00% 9.12% 14.86%
base-case ) ) )
Emissions (Air)
Greenhouse Gaseis rﬁg.cozleq. 41.43 40.12 35.85
GWP100 variation with the 0.00% -3.18% 13.47%
base-case '
ng SO2 eq. 236.05 215.38 201.17
Acidifying agents (AP iati i
fying agents (AP) varlztlon with the 0.00% 876% 14.78%
ase-case
Volatile Org. Compounds — ng _ sr221 38332 32746
(VOC) variation with the 0.00% 2.98% 12.02%
base-case ) )
3.
Persistent Org. Pollutants 107pgi-Teq 6.14 581 528
(POP) varlztlon with the 0.00% 5.37% 13.98%
ase-case
ng Nieqg. 17.05 17.70 15.03
Heavy Metals(HM iati i
y (HM) varlztlon with the 0.00% 2 81% 1183%
ase-case
ng Nieq. 3.19 5.16 3.25
PAHs e ;
varlztlon with the 0.00% 61.67% 1.75%
ase-case
Particulate Matter (PM, _ .ug _ .24 10.17 701
dust) variation with the 0.00% 20.46% 3.23%
base-case ) )
Emissions (Water)
ng Hg/20 5.89 5.33 5.01
Heavy Metals(HM iati i
y (HM) varlztlon with the 0.00% 939% 14.93%
ase-case
ng PO4 33.45 39.06 30.51
Eutrophication (EP it i
p (EP) varlztlon with the 0.00% 16.77% 879%
ase-case

For the time being, there is no wide proposed imprement option for the base-case HL-
LV-R in monetary terms, as the LCC of the base-casis the lowest one. However, using
Xenon as filling gas andr IRC technology allow redoing main environmental impacts,

of which GER and GWP. One can expect that the pricef this lamp will decrease in a
near future.
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7.3 Conclusions

As presented in this chapter, the improvement piadlenf each of the 3 base-cases is
significant. The EcoReport analysis show that nadshe 17 environmental impact indicators,
as well as mercury emissions to air, decrease plementating animprovement option, due to
their electricity saving potential.

However, the Least Life Cycle Cost option currentlyrresponds to the Best Available
Technology option only for the base-cases GLS-RHIhdéMV-R. Indeed, the “low” increase
of the lamp efficacy of the improvement options the base-case HL-LV-R does not offset
the high increase of the purchase price. The difiegs in LCC are very small and the base
case product prices could be underestimated intehap and the prices for improvement
options in chapter 6 overestimated.

The cost of purchasing the lamp could prevent aifgignt barrier to the implementation of

one or several options, most notably replacemettt kiDi-R. Indeed, without any life cycle

thinking the buyer would most likely not purchase improvement product instead of an
average one (base-case) due to the higher prodstt Eor example, LEDI-R costs 40 €,
which is almost 2600% more expensive than a si@hi8-R. However, judging from previous

experience with CFLI-R prices which shows that ggican quickly be reduced, it is safe to
assume that the same will happen with LEDi-R pr@mes the next decade.

The assessment of the improvement potential of bash-case will be further investigated in
chapter 8 when defining scenarios until the yea2020rhese scenarios, based on relevant
assumptions, will evaluate the energy savings paddor the whole EU market of domestic
lamps which are in the scope of this study.

24



