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Abstract. lights [5] have been developed. Hybrid systems have been
introduced, using few renewable energy resources for
The idea of a street light which would be independent of the street lighting [6, 7]. These different products are probably
power grid and which would be in the same time ‘ecological’ is the sign of a new market for street lighting using
to be demonstrated. To answer this question, the environmental exclusively renewable energy.
impacts of aSolar andEolic street light called SOLEOL are In a recent study, such a concept has been developed at
quantified using a simplified Life Cycle Assessment (i.e. using the Engineering School ENSIAME [8]. The idea, partially
simplified inputs for the photovoltaic system and the generator). based on the paper [11], was to design a street light
The chosen Functional Unit is: ‘the lighting during 25 years with integrating solar and wind energy. Generally, the applied
LED lamps with a power of about 2500 lumens'. _ method to design such a product is to ‘assemble’ existing
_The data cor_respondlng to the Llfe Cycle Inventory are divided glements (for example a conventional wind machine
nto the classical four phases of thiée Cycle AssessmefliCA) connected to a classical generator). But in the considered

methodology. : .
The environmental impacts are valuated and aggregated; then aStUdy’ the choice was made to design the whole

comparison is made with a conventional street light. It is shown €l€ctromechanical chain in order to increase the global
that the SOLEOL and the conventional street lights are generally €fficiency. However, the resulting street light, which has
at the same level, except for the non-renewable energy been called SOLEOL Splar and EoLic Street Light,
consumption where the SOLEOL is better for the environment, figure 1) has not been eco-designed, so that it was not
and for aquatic toxicity where the SOLEOL street light has a obvious that the SOLEOL street light was

greater impact. _ _ _ environmentally friendly.
This study shows that a street light said to be environmentally

friendly could have in fact a greater impact on the environment,
but in our case, and even if no optimization has been made on it,
the SOLEOL street light is honorably placed relatively to
conventional street lights.

Key words

Street light, Life Cycle Assessment, solar energy, wind
energy, renewable energy

1. Introduction

Whereas the results are not systematically published, it is
known that street lights are responsible of a significant
part of the non renewable energy consumption. A rather
old paper estimates this energy consumption is about 5% Fig. 1. Design of the SOLEOL street light

of electrical energy use [1]. On the other side, street using a wind turbine and a PV panel

lighting can be correctly designed in order to minimize

energy consumption without decreasing the “lighting A market research allowed us to identify potential
function” [2]. customers, and it appears that these customers could be
In order to reduce this conventional energy use, and just interested to buy the product at only two conditions: the
after new types of lights and lamps appeared, other street SOLEOL street light should be sold at around the same
lights have been studied and used with different success. price than a conventional street light and it migialy be

For example, solar powered [3,4] or wind energy street environmentally friendly.
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However, the idea of a street light which would be outputs are translated into indicators about the

independent of the power grid and which would be in the product or system and then to potential impacts on
same time ‘sustainable’ is to be demonstrated [12]. the environment.

In other words, the real question is to know if street lights Interpretation is the phase where the results of the

using renewable energy are really ecological / sustainable, LCl and LCIA are interpreted according to the goal

or just examples of ‘greenwashing’. of the study and where sensitivity and uncertainty
Some studies have been conducted to estimate the analysis are performed to qualify the results and the
environmental impacts of general street lights (see ref [9] conclusions.

for example) or solar powered ones [10]. But at our
knowledge, no study has been led to assess the GOAL AND / N

environmental impacts of autonomous wind-solar SCOPE
powered street lights. DEFINITION
The more common and admitted way to rate the ¢T
‘ecological level’ of a product is to follow the Life Cycle

Assessment (LCA) methodology. The LCA approach is INVENTORY

—> INTERPRETATION
ANALYSIS
<4—

based on international standards 1SO14040 and 1SO14044 (Leh

[13, 14] that have been introduced in order to quantify the

environmental impact of products and services. ¢ T

Our purpose is to apply the LCA methodology to the S

SOLEOL street light [8] represented in figure 1, and to AS'SMEPSASCMTENT —>

compare the results to the ones obtained on a (LCIA) «—\ /
‘conventional’ street light. —

In the following, only a simplified method is used. For Fig. 2. Phases of a LCA study

example, the environmental impacts are underestimated

for the photovoltaic panel because the results depend on3, L CA methodology applied to the
many parameters [16] or are not totally integrated in the SOLEOL street light

common data bases [17]. The generator, for which

environmental data are not available, is just supposed t0 1o SOLEOL street light (fig. 1, [8]) is made of the
be a steel complex element, so that the results are alsofollowing elements: ’

underestimated for it. Besides, few small elements (such - aconcrete block to fix the street light

as ball bearings) are not considered because it is known a steel mast,

that their cqntribqtio_n is very slight compared to the whole two coupled vertical axis wind turbines (a
system ¢utting criterig). Darrieus turbine coupled with a Savonius rotor),

In fact, the aim of the present study is not to give - a 100 Wc photovoltaic (PV) panel
exhaustive results for autonomous street lights but to - 3-cabled girdles '

establish first qualitative conclusions and to show ways of . aconverter
improvement for such a system. . a generator'

- two lithium-ion batteries,

2. ThelLife Cycle Assessment methodology - a36 W LED lamp
- two arms for the PV panel and the LED lamp
A Life Cycle Assessment (LCA), also calletife cycle - few little elements not considered here.
analysis ecobalanceor cradle-to-grave-analysjsis the These different elements must be clearly identified in

investigation and valuation of the environmental impacts order to obtain accurate data concerning the process. The
of a given product or service. It is a variant of an input- power diagram of the SOLEOL street light is presented on
output analysis, focusing on physical rather than monetary Figure 3. Let us notice that the SOLEOL street light has
flows. LCA is both a multi-criteria and a multi-step study, peen designed to produce ‘clean’ energy during three

and is ‘goal-dependant’. nights without any solar energy and wind energy.
A framework for LCA has been standardised by the

International Organisation for Standardisation (ISO) in the
ISO 14040 series [13, 14]. As shown on figure 2, it
consists in the following elements:

«  Goal and scope definition: it defines the goal and - *l . *
intended use of the LCA, and scopes the assessment - “ ~
concerning system boundaries, function and flow,
required data quality, technology and assessment
parameters.

. Life Cycle Inventory, LCI: it is an activity for
collecting data on inputs (resources and intermediate
products) and outputs (emissions, wastes) for all the . E
processes used to create the product or the system

. Life Cycle Impact Assessment, LCIA.: it is the phase
of the LCA where inventory data on inputs and

Fig. 3. Power diagram for the SOLEOL street light
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The SOLEOL street light is compared with a
‘conventional’ street light which is chosen to be the ADI
FAD Silver Delta 2001 [15], with LED lamps (Fig. 4).
The dimensions of the two street lights are similar.

Fig. 4. The chosen conventional street light [15]

In the following, the four steps described in part 2 are
used to apply the LCA approach to the SOLEOL street
light.

A. Goal and scope of the study

The final goal of the study is to quantify the
environmental impacts of the SOLEOL street light using a
Life Cycle Assessment, relatively to the ISO 14040 and
14044 series [13, 14]. The idea is to compare two street
lights, on the conditions they enlighten with the same
power. The choice of the lighting is made on LED lamps.
As a luminous flow of 2500 lumens for street lighting
corresponds to a conventional illumination, the chosen
resulting Functional Unit isthe lighting during 25 years
with LED lamps with a luminous flow of about 2500
lumens!

In the following, only a simplified study is made for the
valuation of the environmental impacts. This is mainly
due to the fact that the LCA results for photovoltaic
systems are not so numerous (see ref [16] for example), so
that there are generally not included for the moment in the
LCA data bases such as eco-invent [18].

B. LCI: Description of the two street lights

The data corresponding to the LCI are divided into the
classical following four phases of the LCA methodology:

. Phase 1

The raw material procurement and manufacturing
phase takes into account the pollutions created by the
use of raw materials to build the product. The
different inducted operations in this phase are not
detailed here but, for instance, 6 meters of 3-cabled
girdle are necessary for SOLEOL vs 58m for the
conventional street light which is linked to the power
grid.

https://doi.org/10.24084/repqj10.258 163

Phase 2

The distribution phase takes into account the
pollutions produced during the transportation of the
product on the place where it is used. We consider
that the two street lights are transported within
200km using a 32t truck; The SOLEOL street light
weighs 135 kg whereas the conventional street light
weighs 60 kg.

Phase 3

In the present case, tfensumer use phase only
deals with the non-renewable energy consumption of
the street light and its maintenance. The SOLEOL
street light does not use non-renewable energy. The
end of life of the batteries is estimated to 5 years, i.e.
about 1000 cycles, so that six batteries must be
planned to be changed. The conventional street light
uses about 2956 kWh all along its life. The LED
lamps, the ‘life time’ of which is around 5000 hours,
will be changed one time. The replacement of the
lamps and the batteries is supposed to be made by an
employee who drives a conventional vehicle within
about 100 km.

Phase 4

For theend of life phase (post-consumer use), the
different elements are considered as bulky waste.

The considered four phases of the present Life Cycle
Inventory (LCI), related to the SOLEOL street light, are
represented on figure 5. The LCI of the conventional
street light is not presented here (see ref [8]).

In order to evaluate environmental impacts from the LCI
data, the Eco-invent 2.0 data-base is used [18]. The
chosen indicators and the corresponding units are
referenced in table I.

Table |. — Chosen indicators for the calculation of the
environmental impacts

L etter Indicator Unit
A non-renewable energy consumption MJ eq
B resources depletion kg Sb eq.
C 100 year Global Warning Potentia kg €.
D Acidification kg SG eq.
E Eutrophication kg PO# eq.
F photochemical pollution kg, eq.
G aquatic toxicity kg 1.4-DB eq.
H human ecotoxicity kg 1.4-DB eq.
C. LCIA: Life Cycle Impact Assessment

The Eco-Invent Basis [18] allows to deduct the potential
impacts on the environment for the two studied street
lights from the LCI data. The main results of the LCIA
calculation for the SOLEOL and the conventional street
lights are represented in tables Il and Il respectively.
However, they are not easy to analyze because they are
not given in the same Unit (every impact has a
corresponding Unit as shown above) and because the
different values are not concrete enough.
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Distance: 200km

implementation Truck (>32T) Eurod 27 tkm
_ _ Element Name Quantity Unit
BT TR— Name Suanity K;w C Comments batiery CfionBatiery ko
Shart Stesitiean 55 kg Maintenance Diesel car (European mean) pkm
shaft Truck (=32T) Euro4 1,96 tkm A G oko
battery Liion Battery 1 kg
batiery Europobn man value) 02 thm 3
concrete Normal concrete 0.7 m3
concrete Trailertruck (16 to 32T) Eurod 127 tkm A Tt 0.7-2300k
arm Aluminium (European mix) 78 ka
arm Alum ing) 18 ka
bras Trailertruck (16 to 32T) Eurod 2,16 tm A 13k
girdle 3 cabled girdle 8 m
qirdle Trailertruck (16 to 32T) Eurod 045 tm R a3k
‘Wind turbine Carbon fibre blade 12 kg
Windturbine Trailertruck (16 to 32T) Eurod 18 tkm T et 12k
Setting Steel 2 kg
Setting Deep stamping (1000 tone time) z R [ - [Materials [Eeezing . ananl
Sefting Trailertruck (16 to 32T) Euro4 03 kM Carriedweight: 2kg Production Shaft Steel 80,00% 10,00% 10,00%
Generator Trailertruck (16 to 32T) Eurod 3 thm g::ﬁgg;sfg%’qmg Production batteny, Liion battery, 0.00% 50,00% 50.00%
LED LED 1 kg
LED Trailertruck (16 to 32T) Eurod 0.1 tkm A o b .2ko Produstion sanerete Usual conerete  25.00% 37.50% 37.50%
[ Steel &7 kg Production ams. A b 80.00% 10,00% 10,00%
Mast Steel Mean manufacturing a7 ka Broduction
girdle. 3-cabledgirdle  0,00% 50,00% 50,00%
Mast Truck(>32 T) Eurod 174 tkm  Distance:200km .
G S Production Wind turbi fib 0,00% 50,00% 50,00%
pANneauselaire,  Trailertruck (16 to 32T) Eurod 36 tkm A S 12kg ind turbine Sarkon fibre . . .
I ———— 2 e Production setting Steel 80,00% 10.00% 10,00%
SITBIMETFY ™ Temperedfiatalass z kg Production LED LED 0.00% 50.00% 50.00%
STy Trailertruck (16 to 32T) Eurod 03 tkm A ok Production mast stes! 20.00% 10.00% 10.00%
Paint Acrylic paint (water) 0.5 kg Production
Paint Trailertruck (16 to 32T) Eurod 0.05 tkm T D5 kg PV panel Flat glass 51.00% 24.50% 24.50%
LEDlampglass __ Flatglass 2 kg Production Acrylic paint 0.00% 50.00% 50.00%
Distance: 200km (water)
LED I Trailertruck (16 to 32T) E 4 0.4 th
SMDOCCR Tratler frud ° ure ™ __cameaweight: 2kg Productian glass Flat glass 51.00% 24.50% 24.50%
oy Use battery Liion battery  0.00% 50.00% 50.00%
1 [ 2
]
(41 4
M)
2220
Fig. 5. Life Cycle Inventory for the SOLEOL street light
Table Il. — LCIA: Environmental impacts for the SOLEOL street light [8]
PHASE 1 PHASE 2 PHASE 3
INDICATORS UNIT c c END OF LIFE TOTAL
(production) (transportation) (use)
Non-Renewable energy consumption MIeq. L.94E+04 1.23E+02 4.64E+03 -2.11E+H3 221E+04
resources depletion kg Sb eq. 8.90E+00 5.38E-02 231E+00 -1.04E+00 1L.O2E+01
100 year Global Warning Potential kg CO: eq. 1.24E+03 6,96E+00 5 15E+02 -149E+02 1.61E+03
Acidification kg 50 eq. 6,05E+00 2.77E-02 1.99E+00 -6,51E-01 TALE+00
Eutrophication kg PO4™ eq. 7.20E-01 5.08E-03 1.40E-01 -6.89E-02 7.96E-01
photochemical pollution kg C:Hyeq. 3.25E-01 1,10E-03 1.67E-01 -5 45E-02 4 39E-01
i ici v oz 1.4 - 2 2 . . 2. 2 . 2
aquatic toxicity kz14-DB =g 2 93E+H02 4 79E-01 2 A6E+02 1LI6E+02 6,55E+02
human ecotoxicity kg 1.4-DE =g 1.34E+03 L61E+DD L46E+02 -4.82EH12 LOOE+03

Table Ill. — LCIA: Environmental impacts for the conventional

street light [15]

INDICATORS UNIT @Pﬁi;) p mrf‘;fjm) m?l.:is; 3 END OF LIFE TOTAL
Non-Renewable energy consumption MJeq. 1,07E+03 1,15E+00 2,71E+02 -4,39E+02 9,02E402
resources depletion kg Sbeq. 4,57E-01 5,02E-04 7,44E-02 -1,91E-01 3,40E-01
100 year Global Warning Potential ke CO; eq. 6,97E+01 6,50E-02 1,00E+01 -3,15E+01 4,82E+01
Acidification kg SO, eg. 4,73E-01 2,58E-04 4,83E-02 -1,55E-01 3,67E-01
Eutrophication kg PO4” &g, 3,14E-02 4,74E-05 5,06E-03 -1,23E-02 2,42E-02
photochemical pollution ke CyH, eq. 1,95E-02 1,02E-05 2,42E-03 -6,33E-03 1,56E-02
aquatic toxicity kz14DB =q. 2,58E+01 4,A7E-03 7,41E-01 -1,53E+01 1,12E+01
human ecotoxicity kz 1.4-DB 2. 3,12E+02 1,51E-02 2,46E+00 -1,46E+02 1,68E+02
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In order to represent these different potential impacts with
the same Unit, an identical Y-axis ordinate must be chosen
for all the indicators. For each indicator (letter A to H), the
environmental impact is expressed Roints. The Point
represents, considering the studied street light, the
potential impact for a given indicator divided by the value
of the same impact for a mean European during a day. In
other words, the values of the different impacts are simply
normalized. The normalization values are given in table IV
(basis European Union 2003, [19]).

Table IV. — Normalization values for the indicators

Letter I ndicator Value

A N-R energy consumption 420 MJ eq.

B resources depletion 0.0956 kg Sb €q.
C 100 year GWP 28.1 kg G@q.

D Acidification 0.123 kg SQeq.

E Eutrophication 0.105kg PGZeq.

F photochemical pollution 0.015 kgld, eq.

G aquatic toxicity 2.8 kg 1.4-DB eq.

H human ecotoxicity 56.3 kg 1.4-DB eq.

The results of the Life Cycle Impact Assessment are
presented on figure 6. It is shown that it is preferentially

the manufacturing phase which is the source of the greater D.

impact on the environment, whatever the indicator. The
aguatic toxicity is clearly the impact which is the greater
disadvantage for the SOLEOL street light according to the
environment.

» ENDOF LIFE

USE

= DISTRIBUTION

=" MANUFACTURING

Point(s) - days equivalentofa mean European

A B C D E F G H INDICATORS

Fig. 6. Environmental impacts for the SOLEOL street light

At this step, it appears that the quantitative results are not

significant because no reference exists. It is the reason
why, according to the LCA methodology which is ‘goal
dependant’, the SOLEOL is to be compared with a more
conventional street light [15] represented in figure 2. Let
us notice that the street light [15] is already said to be a
‘clean’ light, particularly because of the use of LED lamps.
As it has been written previously, the data of the Life
Cycle Inventory for the conventional street light is not
presented here, but the resulting potential impacts are
estimated.

resources, relatively to the SOLEOL street light. This is
due to the non-renewable energy which is used by the
conventional street light. For the SOLEOL street light,
the consumer use phase has a great impact considering
aquatic toxicity, which is due to the use of the batteries.
The negative part for the conventional street light can be
explained because the copper cables can be easily
recycled.

= ENDOF LIFE

USE

= DISTRIBUTION

= MANUFACTURING

T |
Il_2

Point(s) - days equivalent of a mean European

A B 22 D E E G H INDICATORS

Fig. 7. Environmental impacts for the two street lights

Interpretation

If the results are aggregated for all phases of life, it is
easier to compare the two street lights. Figure 8 presents
a comparison of the global impacts for the two street
lights, aggregated for the whole life cycle of the products.

m conventional

B SOLEOL

Point(s) - daysequivalent ofa mean European

A B C D E F G H INDICATORS

Fig. 8. Aggregated results for the two street lights

As the same Unit is used for the representation of the
potential impacts, it is possible to add the obtained value
for each indicator to give a ‘global rating’. This ‘global
note’ can only give an indication about the total impact ;
in fact, if this ‘global note’ was used alone, it could mask
some important information coming from the LCA
results (for example a very high impact for one
indicator). The results for this ‘global note’ give 565
points for the SOLEOL street light and 552 points for the
conventional one. The accuracy of the data and of the

Figure 7 presents the compared impacts for the two street methodology is not sufficient enough to make a

lights, for each phase of life. As it could be expected, for

difference between these two results, i.e. the two studied

the conventional street light, the consumer use phase is street lights can be said to have globally the same

responsible of the supplementary consumption energy and
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potential impact on the environment.
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More particularly, The SOLEOL and the conventional
street lights are generally at the same level, except for the
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the SOLEOL street light LCA with and without batteries
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(figure 9). This question could be quickly solved by the design the SOLEOL concept.

choice of alternative batteries, more environment-friendly
and with a higher ‘life time’, or by a re-conception of
SOLEOL which was made to be used during three days [1]
without wind and solar energy.

250,00

(2]

opean

¢ 200,00

(3]

¢ 150,00
B WITH BATTERIES
100,00

[4]
(5]
[6]

WITHOUT BATTERIES

50,00 -

Point(s) - davs eauivalent of a mean Eu

0,00 -
INDICATORS

Fig. 9. Influence of the batteries for the SOLEOL street light
(aggregated results)

[7]

8]
4. Conclusion

The LCA methodology is described and applied to the
study of a new type of street light using exclusively wind
and solar energy.

The indicators are chosen and estimated for the classical
four phases of life. The main result is that it is the
manufacturing phase which has the main impact on the
environment.

The results are compared to the ones estimated for a
conventional street light. Concerning the environmental [11]
impacts, the SOLEOL and the chosen conventional street
light are globally of the same order of magnitude, except

for the non-renewable energy consumption where the [12]
SOLEOL is better for the environment, and for aquatic
toxicity where the SOLEOL street light has a much greater
impact.

In a general way, the first approach used in this study does
not ‘disqualify’ the SOLEOL concept, which keeps serious
advantages, as far as it has been compared with a
‘conventional’ street light using LED lamps and not
sodium lights for example. This study shows that a street [16]
light using exclusively ‘green energy’ could in fact have a
greater impact on the environment than conventional street
lighting. However, although no optimization has been
made, the SOLEOL street light is globally at the same
level than the conventional street lights concerning the [17]
environmental indicators used in the present study. It is
clear that optimizations are necessary and that they will
lead to a better positioning of the SOLEOL prototype.

9]

[10]

[13]
[14]

[15]

[18]
[19]
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