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ENVRIplusis a Horizon 2020 project bringing together
Environmental and Earth System Research Infrastructures (RI:
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projects and networks together with technical specialist partners tc .m'fn‘%‘..

create a more coherent, interdisciplinary and interoperable clustet

of Environnental Research Infrastructur@RIsyacross Europe. COMMUNICATION @ DATA FOR
AND DISSEMINATION SCIENCE

Environmental Research Infrastructures provide key tools ani ‘) deé

instruments for the researchers to address specific challenge Joe®

within their own scientific fields. However, to tackle the grand @ ENVRI G

challenges fdng human society (for example climate change,

extreme events, loss of biodiversity, etc.), scientific collaboratior coxppmc ( e

across the traditional fields is necessary. The Earth system is higl ﬁ" EITIR

interlinked and the area of focus for environmental research is SOCIETAL

therefore our whole planet. e

Collaboration within the ENVRIplus will enable the multidisciplinar,
Earth system science across the traditional scientific fields, which is
a2 AYLERNIIFydG Ay 2NRSNJ 2 | RRNBXaa G2RFe&Qa 3If2olf OK I
cooperation will avoid thfragmentation and duplication of efforts, magithe Research Infrastructuneoducts

and solutions easier to use with each other, improving their innovation potential and cost/benefit ratio of the
Research Infrastructure operations.

Collaborationisthe yt & g+ & F2NBINR (2 FRRNXaa GKS Dfz2otft [/ KIy3Ss

The present report figure out how canoperationwill serveevery Rbn one of theircommontechnical issue:

OEnergy for isolated scientific statiéns
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Aims of this report

This report intend terovideguidelinesandtechnical advicen operationalsolutions to powezd
remote isolated scientific measurement stations

1 This reportaimsat helping technical staffto choosemost suitablesolutiors to bring energyto their
autonomoussiteswith appropriatesystemsto gain time.

1 Thisreport is notralSQAFNORtandardreviewing regarding energy efficiency @me or anotherpower
system.Evaluationdhave been made osite: toensure practical relevance of the documesagarding
Research Infrastructures (Rigeds.

Structure of the document

This report is composed of figeandalone chapters:

Chapter A: A common knowledge on eneagppliedfor isolated stations

This chapter givesaquick overvievof minimaluseful knowledge on energy systems for isolated sites.
Chapter B: A catalogue of operational isolated stations

Thanks to the ENVRI+ RIs commumnithiin oceanography, biology, atmosphere, geolfigigs this chaptemgives
examples of operational statiortheir energy and data transmissio@ntactsare providedfor morerequired
details.

Chapter C: Energyoductionsystems evaluaticn

Regarding Rls needs dotlowing the ENVRI+ survey, evaluations of the most used power sgséepresented
Chapter D: Energy storage systems evaluations

Regarding RIs needs amtidwing the ENVRI+ survey, evaluationth@fmog used power storage systemedd
acid batterieshave been made.

Chapter ETechnical summary

Finally all previous informatiohasbeen summarizetin technical data sheets ftiie direct onsite useThe data
sheetsare gatheredn chapter ETechnical summgyready to be printed

Solar panels
Technical sdvices summary for omsite direct use

P

Figure2 - Example of the technical datasheets foisda direct useRefers to chapter D.

Last but not leastevery comment oadditionalknowledge will be welcome for updates to come.
C The more we share, the better \aee.

Contactolivier.gilbert.fr@gmail.com
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I. General informatioon energy

1 Definition:
The scientifidefinitionof energy i¥
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In others wordsenergyis the capaity to change the matter statdo movephysical materiairom a place to
another, to vaporize it, to make it move in a livbody, to transform mé#ér in heat, or to create ligh§ G O X

1 Context and great challenge.
Energy is everywhere, we need energy for everytiingouild our house, to move our carsiffing an energy
tank such as petroleuny) grow food (chemical energy coming from the ground, physical energy of theasls
to the photosynthesis), to warm roorthermal energy)to run our electricaldevicegelectrical energyYo make

our musclework (caloric energy)

That is why enesgis by now one of the great challenges humanity has to Yeoeldwide individualenergy
consumptionhas grown significantlin the lastcentury Figure3). With the growth of population, the total
consumption oenergydeveloped as shown &igured4. Moreover,80% ofhis energy reglts from burning fossil
fuels made with carbomil, Coal and Gdseading tan additionalsource of atmospheric G@nhancingglobal

warming.
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Figure3 - Worldwide energy consumptianerage per person. Source: Jean Marc Jancowdptatidn from Shilling et al.

1977,BP Statistical Review 2016, Smil 2016.
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1 Units
The internationalsystemunit for energy(Sl)is JouleY & W¢ atsoateikh&nidEher usefulunitsto express the
appropriate quantityf energyin special domais) Tablel.

Unit nane N \_]oule Definition Useexample
symbol equivalent(J)
Work done by a force of orldewton when its
Joule J 1 point of application moves through a distance « Mechanic
one meter in the direction of the force

Heat quantityto increasehe temperature obne

Calorie Cal 4,1855 kg of wateper 1°C. Food biology
British . BTU 1 054,50 Heat quantity to mcreiase the temperature of ol Natural Gas
Thermal Unit pound of water per 1°F.
Kilowatt.Hour kWh 3,6.16 Hourly congumptlon of energy by a 1080 Electricity
electric device.
TNT ton TNT 4.184.10 Energy resulted from the explosion of 1 ton of Civil work
ton TNT.
Ton Equivalent TEP 4,186.10° Calorific energy of 1 ton of crude petroleum.  Transportation
Petroleum
Gain of kinetic energy from an accelerated
Electron VoIt eV 1,602.10% electron, submitted to a voltage difference of 1 Physics

Volt.
Tablel - Energy units. Source: ISTerre.

1 Differences between primary and final energy
We rarely consume a cup okdel asa breakfasthor do weinject methane. Engine (or human wodonsumes
a LINJR emetg$ (svood, petroleunradioactive fuels wind, sun, watekinetic energy coalX) to producethe
servicswe need such asfood, transportationservicesheat, eletricity, etc.Asthe final consumes, we usehis
dfinak energy.
The difference between final and primary eneggy K S &yktghiildgd: At theglobal average, electrical loss
France from a production system (nuclear power plant) to a final(asen electrical heat) is about 70% in the
whole systerh Mostof the energy loss happeirside power plartas thermal dissipation and mechaluiss(e.g
loss of mechanic woylandapproximaely 10%? of the totallosscomes fromenergy transportatioigJouleeffect).

1 ENVRIpluisolated scientific statiorend energy:
Far away from thevorld energy issues and glolsahsumption, isolated scientific stations are low plaieterms
of consumptionTypically, that is equivalent to or less thdmght bulb, 2to 100 W.
Still, without energgupplyno measurementgan be doneThis isa critical issue for alcientific measurement
andparticularly for isolated sitsewhich are not connected to theational electrical networks.

O

Inthisreport, @ I O2YY2Yy | yR dzidzZlf € y3dzZ 3S todesinSter Sg S Oa NA
Sy S Na&wedwill only talk about the electric o@nd not about thermal energy energyof transportatior).

! Source: BP statistical review and International Energy Agency. Data from 2010
2 Sources: RTE (French electricity transportation network, ERDF (electricity network distribution France).

9
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Il. Energyproduction

To produce energy in autonomouswayto supply theisolated sits, you careither convertavailable natural
energy fows to electricity(sun, wind, wateflooding), oryou canchoose tause primary energy stedin tanks,
in the form offuels (gas,alcchol, oil, etcX) whichare made oprimary energyxhemicakcompounds

An importantinstallation constraiisa minimumrequired maintenancef energy supply systemg§you are using
fuels to obtain the energyou will have testablishrefuelinglogistics which canbe canplicated if your site is
hard to accesdn this sense, usage of natueadergyflowsis more beneficiahowever, it can be complicated by
their intermittence.

In thiséenergy productioachapter,we brieflydescribethe most commoravailablenatural energylows used to
produceelectricalenergy: sun, wind and water (e.g: contraryhermal energy that often usgeothermal flows)
After thatwe add asmallparagraphabout anemerging butstill new technology (in 2017¢presented byfuel
cdls.We willfocus onthe methanolprimary energyne.Sored in tanksso with refueling constrairisut that can
reachalong autonomy,ytpicallyfrom 2 to 6 monthsfor common ENVRIRieeddhat is10 Watts consumption.
(Describe in chapter ENVRIsuvey2 Yy Sy SNHE& G2 KR Aa dzaAiAy3d oKF (K

Note:Onlythe d O2 YYigefil]l y2 6t SRIASE oYl Ay (iSpiekeyitadand tiscissad s T A OF (A 2
report. For users to have a quigjobaloverviewof each technology.

1. The sunPhotovoltaidPV)

o - 5
Figure5 ¢ Example of isolated scientific statfpmwered with photovoltaic solar paneBource: RESENSS network. ISTerre
laboratory.

Sumfight

a) Operatingprinciple

Thedevice based ophotovoltaic effectg¢solar panelsare using
particleenergy proprietiegn orderto turn a griking photon into
an electronwhat happensf the radiatinglight energyis enough
to overpass the mergy barrier of an electron excitatiorin the

n-Typpa b

= et usstics

T petype Material

atom. At this momentl y St S O NBuyof thelatormid e [ Phatons
structure. T Elactriny

If a voltage differencés applied to theconductor matter, an Flow
electrical currentoming from electron movementill appear %_

as represented in th&igure6.- lllustration of the photovoltaic ¢ Hola
effects. Copyright University of Calgary Flow

Figure 6 - lllustration of the photovoltaic effects. Copyr
University of Calgary

10
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b) Sometechnologies

Different chnologiexandiffer in terms ofefficiencyof electricity production versus light irradiatigAvailable

surtlight spectrum),
Figure7 showsthe efficiency oBomecommonphotovoltaic technologieat 0 to 1200 nmwavelength rang.

1
i QE Measurement
Examples
7% Si Mono crystalline silicon
o
Tw GaAs Gallium arsenide junction
£
E o a-Si  Amorphous silicon
=
E \J mc-  Multi crystalline silicon (also name
L+ Si Polycrystalline)
DSSC Dye sensitized solar cells

Rl

)] a0
Wawelength (nm)

Figure7 - some commophotovoltaic technologies efficiency fob &
1200 nm wavelength rang8ource: PV Measurements, Inc. 2014.

There are othertechnologieslike cadmiumtelluride (CdTeHeterojunction with Intrinsic Thilayer(HITZ S i O X
0SE, as Silicontechnology iurrently the most developed, affordable, andged solarcellstechnology.Widely
usedas a solasource for scientific stationgie will onlydiscusghis technologyin thisreport.

Photovoltaic silicon technology is ééped in three different way#: can be represented bhyonocrystallineor
polycrystalline solgpanels, oras hin film amorphousolar panel¢deposited without any crystalline structure)
A representation of visible differenceslisplayed in théigure8.

4+ + + *
Mono silicon

Figure8 ¢ Representation of visible differences from mono, poly and thin film (amorphous silicon) sole®@anels.
newsouthernenergy.com

Thin film deposibn (madelike with a paperprinter) offers the possibilitior flexible solar pansl

There are alsothersemerging technologiesulti-junctioncells dye sensitized cellerganic and inorganic cells
quantum dots cedl, but they are less abundant and do not take a large part of the worldwide mark&dii

(Figure9).

11
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About 47.5* GWp PV module
production in 2014

*2014 production numbers reported by
different analysts vary between 39 and 49
GWp. We estimate that total PV module
production is realistically around 45 GWp

for2014

2005

2000

Thin film
Mono-Si
Multi-Si

Horizon 2020
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Figure9 - PV production 2014 per technology. Source: Fraunhofer ISE, Photovoltaice\Beaped by

www.photovoltaique.info

c) Technical specificatiofier fieldworkuse

For photovoltaic solar parglthe following specificatiorare importantfor on-site applications:

Efficiency

Installation sizing

= =4 —a —a —a -9

1 Efficiency

Energy production
Influence of orientation (to the south) and tilt (above the horizon)
Temperature effects

Effects of snow deposition

The solarenergy industrymay be (2017pne of the most dynamic in the world farms of Research and
Developmen{R&D)As a consequencéhere are strongdifferencesbetween markeproductsand thehighest

efficiencies rates in R&D

In 2017,the most common technologieavailableon market(source EPIA: European Photovoltaic Industry

Associationand NREL: National Renewable Energy LaboratoryatdSA
g2NI R6ARS YI NJ Sgoas fomYi2tyg 2

o SilicoRONE A G t &
18%.

oFf

hr: 27F

o Thin film: Silicon or Cadmium Tellure -{&), copper indium gallium selenide (C)GlSpical efficiencies

goes from 5 to 12%.

0 Multi-junction cells: likéndium gallium arsenide, Germaniuhypical efficiencies goes fr@&& to45%(but
most of them are still in R&D process).

Most terrestrial and oceanic scientific stations s#igoncrystal technologiesMonocrystalline technologlas
certain advantages up@olycrystallinesersion

Photovoltaic cell technology

Typical efficiencgf commercial

Market availability

solutiors (2017)
Siliconcrystals 12 t0 18% Easy (90% of world market)
Thin film 5to 12% Yes
Multi-junction 2510 45% DependingNo, or noteasily.

Table2 - & ¢ & LJ&fi@ilericiés of different photovoltaic cells technologies. Sources: EPIA (European Photovoltaic Industry
Association), and NREL (National Renewable Energy Laboratory, USA).

Figurel0, producedby theNREL (National Renewable Energy Laboratory dispk)s the evolution ofefficiency

of several existing solar photovoltaic technologigsugh the last decadedhisinformationcan be used as a
reference to help techné staff to choose solar panels for very shadowedssifeonly few hours of sun are
availableAs can be seen, efficiency of discussed technological solutions mattergruobf these solutions are
not yet standard commercial products.

3 Data forR&D cells are of course upper. Refers to next paitpethe NREL graphic.

12
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FigurelO- Best research cells efficiencies. Source NREL. https://www.nrel.gov/pv/
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