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ENVRI+ WP3.1 project, energy for isolated 
scientific stations. 
 
ENVRIplus is a Horizon 2020 project bringing together 
Environmental and Earth System Research Infrastructures (RIs), 
projects and networks together with technical specialist partners to 
create a more coherent, interdisciplinary and interoperable cluster 
of Environmental Research Infrastructures (RIs) across Europe. 
 
Environmental Research Infrastructures provide key tools and 
instruments for the researchers to address specific challenges 
within their own scientific fields. However, to tackle the grand 
challenges facing human society (for example climate change, 
extreme events, loss of biodiversity, etc.), scientific collaboration 
across the traditional fields is necessary. The Earth system is highly 
interlinked and the area of focus for environmental research is 
therefore our whole planet. 
 
Collaboration within the ENVRIplus will enable the multidisciplinary 
Earth system science across the traditional scientific fields, which is 
ǎƻ ƛƳǇƻǊǘŀƴǘ ƛƴ ƻǊŘŜǊ ǘƻ ŀŘŘǊŜǎǎ ǘƻŘŀȅΩǎ Ǝƭƻōŀƭ ŎƘŀƭƭŜƴƎŜǎΦ ¢ƘŜ 
cooperation will avoid the fragmentation and duplication of efforts, making the Research Infrastructures products 
and solutions easier to use with each other, improving their innovation potential and cost/benefit ratio of the 
Research Infrastructure operations. 
Collaboration is the ƻƴƭȅ ǿŀȅ ŦƻǊǿŀǊŘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ Dƭƻōŀƭ /ƘŀƴƎŜǎ ŦŀŎƛƴƎ ǘƻŘŀȅΩǎ ǎƻŎƛŜǘȅΦ 
 
The present report figure out how can cooperation will serve every RI on one of their common technical issue: 

 

άEnergy for isolated scientific stationsέ. 
 
 

 
Figure 1 - Weather station in Antarctica. Credit IGE, Laurent Arnaud. 
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Aims of this report: 
 

This report intend to provide guidelines and technical advice on operational solutions to powered 
remote isolated scientific measurement stations. 

 

¶ This report aims at helping technical staff to choose most suitable solutions to bring energy to their 
autonomous sites with appropriate systems, to gain time. 

¶ This report is not an ISO/AFNOR standard reviewing regarding energy efficiency on one or another power 
system. Evaluations have been made on-site: to ensure practical relevance of the document regarding 
Research Infrastructures (RIs) needs. 

 
Structure of the document: 
 
This report is composed of five stand-alone chapters: 
 
Chapter A: A common knowledge on energy supplies for isolated stations 
This chapter gives a quick overview of minimal useful knowledge on energy systems for isolated sites. 
Chapter B: A catalogue of operational isolated stations 
Thanks to the ENVRI+ RIs community within oceanography, biology, atmosphere, geology fields, this chapter gives 
examples of operational stations, their energy and data transmission. Contacts are provided for more required 
details. 
Chapter C: Energy production systems evaluations 
Regarding RIs needs and following the ENVRI+ survey, evaluations of the most used power systems are presented. 
Chapter D: Energy storage systems evaluations 
Regarding RIs needs and following the ENVRI+ survey, evaluations of the most used power storage systems (lead 
acid batteries) have been made. 
Chapter E: Technical summary 
Finally, all previous information has been summarized in technical data sheets for the direct on-site use. The data 
sheets are gathered in chapter E: Technical summary, ready to be printed. 
 

 
Figure 2 - Example of the technical datasheets for on-site direct use. Refers to chapter D. 

Last but not least: every comment or additional knowledge will be welcome for updates to come.  

Č The more we share, the better we are. 
 
Contact: olivier.gilbert.fr@gmail.com 
 

mailto:olivier.gilbert.fr@gmail.com


 

7 
 

 Common knowledge on energy for 
autonomous sites 



 

8 
 

I. General information on energy 
 

¶ Definition: 
The scientific definition of energy isΥ άǘƘŜ ŜƴŜǊƎȅ ƛǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǉǳŀƴǘƛǘȅ ǘƘŀǘ characterizes ŀ ǎȅǎǘŜƳ ǎǘŀǘŜ ŎƘŀƴƎŜέΦ 
In others words: energy is the capacity to change the matter state. To move physical material from a place to 
another, to vaporize it, to make it move in a living body, to transform matter in heat, or to create light, ŜǘŎΧ 
 

¶ Context and great challenge. 
Energy is everywhere, we need energy for everything. To build our house, to move our cars (burning an energy 
tank such as petroleum) to grow food (chemical energy coming from the ground, physical energy of the sun thanks 
to the photosynthesis), to warm rooms (thermal energy), to run our electrical devices (electrical energy), to make 
our muscles work (caloric energy). 
That is why energy is by now one of the great challenges humanity has to face. Worldwide individual energy 
consumption has grown significantly in the last century (Figure 3). With the growth of population, the total 
consumption of energy developed as shown at Figure 4. Moreover, 80% of this energy results from burning fossil 
fuels made with carbon: Oil, Coal and Gas. Leading to an additional source of atmospheric CO2, enhancing a global 
warming. 
 

 
Figure 3 - Worldwide energy consumption average per person. Source: Jean Marc Jancovici, adaptation from Shilling et al. 

1977, BP Statistical Review 2016, Smil 2016. 

 

  
Figure 4 - World energy consumption by sources and region. Credit: BP Statistical Review of World Energy 2014 and 
International Energy Agency (IEA). 

T
W

h 



 

9 
 

¶ Units: 
The international  system unit for energy (SI) is  JouleΥ άWέΦ ¢ƘŜǊŜ also are many other useful units to express the 
appropriate quantity of energy in special domains, Table 1. 
 

Unit name 
Unit 

symbol 
Joule 

equivalent (J) 
Definition Use example 

Joule J 1 
Work done by a force of one Newton when its 
point of application moves through a distance of 
one meter in the direction of the force. 

Mechanic 

Calorie Cal 4,1855 
Heat quantity to increase the temperature of one 
kg of water per 1°C. 

Food, biology 

British 
Thermal Unit 

BTU 1 054,50 
Heat quantity to increase the temperature of one 
pound of water per 1°F. 

Natural Gas 

Kilowatt.Hour kWh 3,6.106 
Hourly consumption of energy by a 1000 W 
electric device. 

Electricity 

TNT ton 
TNT 
ton 

4,184.109 Energy resulted from the explosion of 1 ton of 
TNT. 

Civil work 

Ton Equivalent 
Petroleum 

TEP 4,186.1010 Calorific energy of 1 ton of crude petroleum. Transportation 

Electron Volt eV 1,602.10-19 
Gain of kinetic energy from an accelerated 
electron, submitted to a voltage difference of 1 
Volt.  

Physics 

Table 1 - Energy units. Source: ISTerre. 

  

¶ Differences between primary and final energy 
We rarely consume a cup of diesel as a breakfast, nor do we inject methane. Engine (or human work) consumes  
άǇǊƛƳŀǊȅέ energy (wood, petroleum, radioactive fuels, wind, sun, water kinetic energy, coal,Χ) to produce the 
services we need, such as  food, transportation services, heat, electricity, etc. As the final consumers, we use this 
άfinalέ energy.  
The difference between final and primary energy is ǘƘŜ άƛƴǘǊŀ-system lossέΦ At the global average, electrical loss in 
France from a production system (nuclear power plant) to a final user (as an electrical heat) is about 70% in the 
whole system1. Most of the energy loss happens inside power plants as thermal dissipation and mechanic loss (e.g: 
loss of mechanic work) and approximately 10% 2 of the total loss comes from energy transportation (Joule effect). 
 

¶ ENVRIplus isolated scientific stations and energy: 
Far away from the world energy issues and global consumption, isolated scientific stations are low players in terms 
of consumption. Typically, that is equivalent to or less than a light bulb, 2 to 100 W. 
Still, without energy supply no measurements can be done. This is a critical issue for all scientific measurements 
and particularly for isolated sites, which are not connected to the national electrical networks. 
 
In this report, aǎ ŀ ŎƻƳƳƻƴ ŀƴŘ ǳǎǳŀƭ ƭŀƴƎǳŀƎŜ ŀōǳǎŜΣ ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜ ǘŜǊƳ ƻŦ άŜƴŜǊƎȅέ to designate άŜƭŜŎǘǊƛŎ 
ŜƴŜǊƎȅέ, as we will only talk about the electric one (and not about thermal energy or energy of transportation).  

                                                                 
1 Source: BP statistical review and International Energy Agency. Data from 2010  
2 Sources: RTE (French electricity transportation network, ERDF (electricity network distribution France). 
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II. Energy production 
 
To produce energy in an autonomous way to supply the isolated sites, you can either convert available natural 
energy flows to electricity, (sun,  wind,  water flooding), or  you can choose to use primary energy stored in tanks, 
in the form of fuels (gas, alcohol, oïl, etcΧ) which are made of primary energy chemical compounds. 
An important installation constrain is a minimum required maintenance of energy supply systems. If you are using 
fuels to obtain the energy, you will have to establish refueling logistics which can be complicated if your site is  
hard to access. In this sense, usage of natural energy flows is more beneficial, however, it can be complicated by 
their intermittence. 
 
In this άenergy productionέ chapter, we briefly describe the most common available natural energy flows used to 
produce electrical energy: sun, wind and water (e.g: contrary to thermal energy that often uses geothermal flows). 
After that we add a small paragraph about an emerging but still new technology (in 2017) represented by fuel-
cells. We will focus on the methanol primary energy one. Stored in tanks so with refueling constrains but that can 
reach a long autonomy, typically from 2 to 6 months, for common ENVRI RIs needs that is 10 Watts consumption. 
(Describe in chapter B: ENVRI+ survey ƻƴ ŜƴŜǊƎȅ ά²Ƙƻ ƛǎ ǳǎƛƴƎ ǿƘŀǘΚέ). 
 
Note: Only the άŎƻƳƳƻƴ useful ƪƴƻǿƭŜŘƎŜέ όƳŀƛƴ ǘŜŎƘƴƛŎŀƭ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎύ is presented and discussed in this 
report. For users to have a quick global overview of each technology. 

1. The sun: Photovoltaic (PV) 
 

 
Figure 5 ς Example of isolated scientific station powered with photovoltaic solar panels. Source: RESIF-GNSS network. ISTerre 
laboratory. 

 Operating principle 
 
The device based on photovoltaic effects (solar panels) are using 
particle-energy proprieties in order to turn a striking photon into 
an electron, what happens if the radiating light energy is enough 
to overpass the energy barrier of an electron excitation in the 
atom. At this moment, ŀƴ ŜƭŜŎǘǊƻƴ ƛǎ άŦǊŜŜŘέ out of the atomic 
structure. 
If a voltage difference is applied to the conductor matter, an 
electrical current coming from electron movement will appear, 
as represented in the Figure 6.- Illustration of the photovoltaic 
effects. Copyright University of Calgary. 
 

 
Figure 6 - Illustration of the photovoltaic effects. Copyright 
University of Calgary. 
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 Some technologies 
 
Different technologies can differ in terms of efficiency of electricity production versus light irradiation. (Available 
sun-light spectrum),  
Figure 7 shows the efficiency of some common photovoltaic technologies at 0 to 1200 nm wavelength range. 

 
  

 
 
 

 
 

There are others technologies, like cadmium-telluride (CdTe), Heterojunction with Intrinsic Thin-layer (HIT)Σ ŜǘŎΧ  
άSiέ, as Silicon technology is currently the most developed, affordable, and used solar cells technology. Widely 
used as a solar source for scientific stations, we will only discuss this technology in this report. 
 
Photovoltaic silicon technology is developed in three different ways: it can be represented by monocrystalline or 
polycrystalline solar panels, or as thin film amorphous solar panels (deposited without any crystalline structure). 
A representation of visible differences is displayed in the Figure 8. 
 
 

 
Figure 8 ς Representation of visible differences from mono, poly and thin film (amorphous silicon) solar panels. Source: 

newsouthernenergy.com 

Thin film deposition (made like with a paper printer) offers the possibility for flexible solar panels. 
 
There are also others emerging technologies: Multi-junction cells, dye sensitized cells, organic and inorganic cells, 
quantum dots cells, but they are less abundant and do not take a large part of the worldwide market in 2017 
(Figure 9). 

Si Mono crystalline silicon 

GaAs Gallium arsenide junction 

a-Si Amorphous silicon 

mc-
Si 

Multi crystalline silicon (also named 
Polycrystalline) 

DSSC Dye sensitized solar cells 

Figure 7 - some common photovoltaic technologies efficiency for a 0 to 
1200 nm wavelength range. Source: PV Measurements, Inc. 2014. 

http://www.newsouthernenergy.com/
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Figure 9 - PV production 2014 per technology. Source: Fraunhofer ISE, Photovoltaics Report. Adapted by 

www.photovoltaique.info 

 Technical specifications for fieldwork use 
 
For photovoltaic solar panels, the following specifications are important for on-site applications: 

¶ Efficiency 

¶ Energy production 

¶ Influence of orientation (to the south) and tilt (above the horizon) 

¶ Temperature effects 

¶ Installation sizing 

¶ Effects of snow deposition 

¶ Efficiency 
The solar energy industry may be (2017) one of the most dynamic in the world in terms of Research and 
Development (R&D). As a consequence, there are strong differences between market products and the highest 
efficiencies rates in R&D. 
In 2017, the most common technologies available on market (source EPIA: European Photovoltaic Industry 
Association, and NREL: National Renewable Energy Laboratory, USA) are:  

o Silicon-ŎǊȅǎǘŀƭǎ όҒ фл҈ ƻŦ ǿƻǊƭŘǿƛŘŜ ƳŀǊƪŜǘύΥ Ƴƻƴƻ ƻǊ ǇƻƭȅŎǊȅǎǘŀƭƭƛƴŜΦ ¢ȅǇƛŎŀƭ ŜŦŦƛŎƛŜƴŎƛŜs goes from 12 to 
18%.  

o Thin film: Silicon or Cadmium Tellure (Cd-Te), copper indium gallium selenide (CIGS). Typical efficiencies 
goes from 5  to 12%. 

o Multi-junction cells: like Indium gallium arsenide, Germanium. Typical efficiencies goes from 25 to 45%.(but 
most of them are still in R&D process). 

 
Most terrestrial and oceanic scientific stations use silicon-crystal technologies. Monocrystalline technology has 
certain advantages upon polycrystalline version.  
 

Photovoltaic cell technology Typical efficiency of commercial3 
solutions (2017) 

Market availability 

Silicon-crystals 12 to 18% Easy (90% of world market) 

Thin film 5 to 12% Yes 

Multi-junction 25 to 45% Depending: No, or not easily. 
Table 2 - ά¢ȅǇƛŎŀƭέ efficiencies of different photovoltaic cells technologies. Sources: EPIA (European Photovoltaic Industry 
Association), and NREL (National Renewable Energy Laboratory, USA). 

Figure 10, produced by the NREL (National Renewable Energy Laboratory, USA) displays the evolution of efficiency 
of several existing solar photovoltaic technologies through the last decades. This information can be used as a 
reference to help technical staff to choose solar panels for very shadowed sites, if only few hours of sun are 
available. As can be seen, efficiency of discussed technological solutions matters, but many of these solutions are 
not yet standard commercial products.

                                                                 
3 Data for R&D cells are of course upper. Refers to next page with the NREL graphic. 

http://www.photovoltaique.info/
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Figure 10 - Best research cells efficiencies. Source NREL.  https://www.nrel.gov/pv/ 
































































































































































































































































