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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETS| Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Environmental Engineering (EE).

Introduction

As greenhouse effect and carbon footprint are becoming more common and well known to normal citizen; alot of
attention has been aso pointed to the telecommunication community impact. The growing public attention to
environmental issues leads industry to work on reducing environmental impacts of their business, also in a framework
of Corporate Social Responsibility (CSR) and sustai nable development.

High pricesfor oil and electrical energy, which are expected to persist, contribute to stimulate interest in new energy
SOUrces.

In telecommunication alternative energy sources are generally used in remote areas where the public mainsis
unavailable.

The introduction of new components and technol ogies on the market increases the energy efficiency of aternative
sources and in some cases Governments support (economically) the use of these alternative energy sources.

The consequence of those two facts is a better convenience in the use of this type of energy, especially considering the
continuous price increase for traditional fossil sources and electrical energy, beyond the attention that is necessary for
reducing ecological impacts.

The need for aternative energy may come also to enable telecommunication services (areas with no power grid), to
expand coverage and to deploy high data rate services (active equipment in the access network).

It becomes obvious that the use of aternative energy has to be considered with particular effort for only supplying
energy efficient ICT equipment.

One important bibliographical reference is the international document produced by ITU-T (CCITT), in 1985 [i.1].
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1 Scope

Due to new power and energy context such as greenhouse effect and other environmental issues, fuel depletion and
electricity cost increase, new regulation and standards, tel ecom operators have to make efforts to use alternatives. The
present document covers alternative energy sources completed by current and new energy storage that can be used in
ICT. Such alternative energy sources are:

e fuel cdls;

e  photovoltaic generators;

e  wind turbine generators;

. micro hydro generators;

. stirling machine;

. aternative cooling sources, e.g. geo-cooling, fresh air cooling (or free cooling), absorption machines.
It proposes an overview of practical solutions for power and cooling systems using alternative energy sources.
Interoperability of heterogeneous alternative energy sourcesisthe key issue. Hybrid systemsreliability and efficiency is
aso in the scope of the present document.
Bearing in mind the availability and the maintainability of the power plants for TLC, the present document considers:

. the principle of energy converters operating from alternative energy sources,

. the minimum set of information on energy converters;

e themain sizing parameters;

. the architecture of the power systems using the energy converters either only one type or as a combination of
two or more such devices,

. existing and new energy storage;
. cooling solutions from alternative sources (geo-cooling).

New (not traditional) solutions for cooling will be proposed and expanded in a separate document.

2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected |ocation might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references

The following referenced documents are necessary for the application of the present document.

Not applicable.
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Informative references

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1]

[i.2]
[i.3]

[i.4]

[i.5]

[i.6]

[i.7]

[i.8]

[i.9]

[i.10]
[i.11]

[i.12]
[i.13]

[i.14]

[i.15]

[i.16]

[i.17]

[i.18]
[i.19]
[i.20]

[i.21]

ITU-T (CCITT): "Handbook on Primary Sources of Energy for the Power Supply of Remote
Telecommunication Systems”, 1985.

CENELEC EN 62282-2: "Fuel cell technologies. Part 2: Fuel cell modules'.

CENELEC EN 62282-3-2: "Fuel cell technologies - Part 3-2: Stationary fuel cell power systems -
Performance test methods'.

Council Directive 87/404/EEC of 25 June 1987 on the harmonization of the laws of the Member
States relating to simple pressure vessels.

Council Directive 90/488/EEC of 17 September 1990 amending Directive 87/404/EEC on the
harmonization of the laws of the Member States relating to simple pressure vessels.

Council Directive 90/396/EEC of 29 June 1990 on the approximation of the laws of the Member
States relating to appliances burning gaseous fuels.

Council directive 1999/92/EC of 25 January 1999 on minimum requirements for improving the
safety and health protection of workers potentially at risk from explosive atmospheres.

Council directive 94/9/EC of 23 March 1994 on the approximation of the laws of the Member
States concerning equipment and protective systems intended for use in potentially explosive
atmospheres.

Council directive 97/23/EC of 29 May 1997 on the approximation of the laws of the Member
States concerning pressure equipment.

CENELEC EN 62124: "Photovoltaic (PV) stand-alone systems. Design verification".

CENELEC EN 60904-1: "Photovoltaic Devices Part 1: Measurement of Photovoltaic Current -
Voltage Characteristics'.

CENELEC EN 60904-2: "Photovoltaic devices - part 2: requirements for reference solar devices'.

CENELEC EN 62093: "Balance-of-system components for photovoltaic systems - Design
qualification natural environments".

Council directive 2006/66/EC of the European parliament and of the council of 6 September 2006
on batteries and accumulators and waste batteries and accumul ators and repealing Directive
91/157/EEC.

CENELEC EN 50272-2: " Safety requirements for secondary batteries and battery installations -
Part 2: Stationary batteries".

ETSI ETS 300 132-1: "Equipment Engineering (EE); Power supply interface at the input to
telecommunications equipment; Part 1: Operated by alternating current (ac) derived from direct
current (dc) sources'.

ETSI EN 300 132-2: "Environmental Engineering (EE); Power supply interface at the input to
telecommunications equipment; Part 2; Operated by direct current (dc)".

CENELEC EN 61427: "Secondary cells and batteries for solar photovoltaic energy systems’.
|EC 61400-1: "Wind turbines - Part 1: Design requirements”.

Alsema, E., 2000. "Environmental life cycle assessment of Solar Home Systems". Tech. Rep.
NWS-E-2000-15. Department of Science, Technology and Society, Utrecht University, Utrecht,
The Netherlands.

R. Garcia-Vaverde et a. (2009): "Life cycle assessment study of a 4.2 kWp stand-alone
photovoltaic system", Solar Energy 83: 1434-1445.
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NOTE:
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Rydh CJ and Sanden BA (2005). "Energy analysis of batteries in photovoltaic systems, Part I:
Performance and energy requirements. Energy Conversion and Management"” 46:1957-1979.

Sherwani AF, et al. Life cycle assessment of solar PV based electricity generation systems: A
review. Renew Sustain Energy Rev (2009), doi:10.1016/j.rser.2009.08.003.

SPI (Society of the Plastic Industry) (2009) "Life-cycle assessment of plenum space
communication cable", table 1-3 and table 3-2.

Solar Sky generator.

Available at: http://www.solar-sky.com/generators.html.

Alsema, E., 2000. "Environmental life cycle assessment of Solar Home Systems'. Tech. Rep.
NWS-E-2000-15. Department of Science, Technology and Society, Utrecht University, Utrecht,
The Netherlands. Solar Home System 2 (multicrystalline Si). Table 5-3.

Tech. Report NWS-E-2000-15: "Environmental life cycle assessment of Solar Home Systems’.
Department of Science, Technology and Society, Utrecht University, Utrecht, The Netherlands.
Solar Home System 2 (multicrystalline Si) Output 1.288 MWh. Table 4-2 is per 1 MWh
(1.288*583kgC02/0,049 kW = 15,300 kg/kW. Energy: 1.288*11,400 M J/0.049 kW = 300,000
MJIKW = 83 MWh/kW. Alsema, E., 2000.

R. Garcia-Vaverde et al. (2009). 13,166kg/4,2kWp. Life cycle assessment study of a4,2 kWp
stand-alone photovoltaic system, Solar Energy 83: 1434-1445.

R. Garcia-Vaverde et al. (2009). 130,55MWh/4,2kWp Life cycle assessment study of a4,2 kWp
stand-alone photovoltaic system, Solar Energy 83: 1434-1445.

The accumulated primary energy consumption for the construction of the photovoltaic power plan:
"Life cycle assessment of solar PV based electricity generation systems'. Renew Sustain Energy
Rev (2009), Sherwani AF, et al. doi:10.1016/j.rser.2009.08.003.

3kWp danted-roof installation, single-Si, panel, mounted, on roof/CH/I U.

Mats Zackrisson et al. (2010): "Life Cycle Assessment Of Lithium-lon Batteries For Plug-In
Hybrid Electric Vehicles - Critical Issues. Journal of Cleaner Production”.
10.1016/j.jclepro.2010.06.004.

35th |EEE Photovoltaic Specialists Conference (PVSC) (2010): "Life-cycle assessment of organic
solar cell technologies'. A nctil A., Babbitt C., Landi B., Raffaelle R.P., Honolulu, HI.

ETSI TR 102 489: "Environmental Engineering (EE); European telecommunications standard for
equipment practice; Thermal Management Guidance for equipment and its deployment”.

ETSI TR 102 530: "Environmental Engineering (EE); The reduction of energy consumption in
telecommunications equipment and related infrastructure”.

GSMA white paper on "green power".
GSMA's 2010 report.
Guidelines & Practical Tips on application of alternative energy solutions in Telecommunications.

Council Directive 91/157/EEC of 18 March 1991 on batteries and accumulators containing certain
dangerous substances.
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
Air Mass (AM): measure of distance that the direct solar beam travel s through the earth atmosphere
NOTE: AM =1,5in standards corresponds to a sun elevation of approximately 45°.

air pollution: air with contaminantsin it that prevent the air from dispersing asit normally would, and interfere with
biological processes

alternative energy: energy derived from non-fossil resource and from renewable source
NOTE: A popular term for "non-conventional" or "clean” energy as renewable.

asynchronous generator: type of electric generator that produces aternating current (AC) electricity to match an
existing power source

battery: energy storage device made up of one or more cells filled with electrolyte

NOTE: Ané€ectrolyteisanon-metallic conductor between positive and negative plates that carries electric
charges through ionic displacement.

capacity factor: amount of power a wind turbine produces over a period of time divided by the amount of power it
could have produced if it had run at its full rated capacity over that time period

Carbon Dioxide (CO,): colourless, odourless non-combustible gas present in the atmosphere

NOTE: Itisformed by the combustion of carbon and carbon compounds (such as fossil fuels and biomass), by
respiration, which is a slow combustion in animals and plants, and by the gradual oxidation of organic
matter in the soil. It is a greenhouse gas that contributesto global climate change, it remainsin the
atmosphere during about one century.

Carbon Monoxide (CO): colourless, odourless but poisonous combustible gas

NOTE: Carbon monoxide is produced in the incomplete combustion of carbon and carbon compounds, for
example, fossil fuelslike coal and petroleum.

central power plant: large power plant that generates power for distribution to one or multiple loads
chemical energy: energy liberated in achemical reaction, asin the combustion of fuels
constant-speed wind turbines: wind turbines that operate at a constant RPM (Revol utions Per Minute speed)
NOTE: They are designed for optimal energy capture at a specific rotor diameter and at a particular wind speed.
conventional fuel: fossil fuels: coal, oil, and natural gas

deregulation: process of changing policies and laws of regulation in order to increase competition among suppliers of
commodities and services

downwind wind turbine: horizontal axis wind turbine in which the rotor is downwind of the tower

electric power converter: device for transforming electricity to a desired quality and quantity (voltage or current or
power or frequency)

energy converter: equipment transforming alternative energy sources (solar, wind, hydro, etc.) into electrical energy

emission: substance or pollutant emitted as a result of a process
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energy storage: process of storing or converting energy from one form to another for later use

NOTE: For example, an electrochemical storage device is a battery, an electromechanica storage deviceisa
flywheel.

environment: al the natural and living things around us: the earth, air, weather, plants, human and animals all make up
our environment

fossil fuels: fuels formed in the ground from the decayed remains of dead plants and animals
NOTE: It takes millions of yearsto form fossil fuels. Oil, natural gas, and coa are fossil fuels.
fuel: any material that can be consumed to be converted into energy
gear box: protective casing for a system of gears
generator: device for converting any energy resource into electrical energy
geothermal: heat that comes from within the Earth
geother mal heating/cooling: method of heating and cooling a building using underground thermal conditions
geother mal power: electricity generated from naturally occurring geological heat sources

green credit: new way to purchase renewable electric generation that divides the generation into two separate products:
the commodity energy and the renewabl e attributes

NOTE: The green credit represents the renewabl e attributes of a single megawatt of renewable energy. Also
known as green tags, renewable energy credits, or renewabl e energy certificates.

green power: popular term for energy produced from non-pollutant or renewable energy resources
greenfield: site on which a power plant has not previously existed

grid: common term referring to an electricity transmission and distribution system

gust: sudden brief increase in the speed of the wind

horizontal-axiswind turbines: turbines on which the axis of the rotor's rotation is parallel to the wind stream and the
ground

hybrid system: power systems combining two or more energy conversion devices, or two or more fuels for the same
device, that when integrated, overcome limitations inherent in either

NOTE: Inthe present document we define that at least one source is from alternative "renewabl€" energy source.
inverter: equipment that can convert direct current into alternative current

mean power output (of awind turbine): average power output of awind energy conversion system at any given mean
wind speed

mean wind speed: average wind speed over a specified time period and height above the ground
mechanical energy: energy possessed by an object due to its motion (kinetic energy) or its potential energy
median wind speed: wind speed with 50 % probability of occurring

nacelle: cover for the gearbox, drive train, and generator of awind turbine

natural gas: hydrocarbon gas obtained from underground sources, often in association with petroleum and coal
deposits

NOTE: It generally contains a high percentage of methane, varying amounts of ethane, and inert gases. Natural
gasisused as a heating fuel and for electricity generation.

peak wind speed: maximum instantaneous wind speed that occurs within a specific period of time

photovoltaic: application of solar cells for energy by converting sunlight directly into electricity
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power quality: stability of frequency and voltage and lack of electrical noise on the power grid

prevailing wind direction: direction from which the wind predominantly blows as a result of the seasons, high and low
pressure zones, the tilt of the earth on its axis, and the rotation of the earth

recycling: process of converting into new products materials that are no longer useful as they were originally designed
renewable energy: energy derived from resources that are regenerative or that cannot be depleted
NOTE: Types of renewable energy resources include wind, solar, biomass, geothermal and moving water.

rotor: blades and other rotating components of a system (e.g. rotor of awind energy conversion turbine in the
aternative energy sources field)

solar energy: electromagnetic energy transmitted from the sun (solar radiation)

solid fuels: any fuel that isin solid form, such as wood, peat, lignite, coal, and manufactured fuels such as pulverized
coal, coke, charcoal briquettes, and pellets

step-up gearbox: gearbox that increases turbine electricity production in stages by increasing the number of generator
revolutions produced by the rotor revolutions

sustainable energy: energy that takes into account present needs while not compromising the availability of energy or a
healthy environment in the future

trade wind: consistent system of prevailing winds occupying most of the tropics

NOTE: They constitute the major component of the general circulation of the atmosphere. Trade winds blow
northeasterly in the Northern Hemisphere and southeasterly in the Southern Hemisphere. The trades, as
they are sometimes called, are the most persistent wind system on earth.

turbine: term used for awind energy conversion device that produces el ectricity
NOTE: seealso"Wind Turbine".
turbulence: swirling motion of the atmosphere that interrupts the flow of wind
variable-speed wind turbines: turbinesin which the rotor speed increases and decreases with changing wind speeds

NOTE: Sophisticated power control systems are required on variable speed turbines to insure that their power
mai ntains a constant frequency compatible with the grid.

vertical axiswind turbines: turbines on which the axis of the rotor's rotation is perpendicular to the ground

Watt-peak (Wp): unit used to express the maximum power produced (or provided) by a photovoltaic module for solar
radiation of 1 000 W/m? for a standard spectrum and temperature

wind energy: power generated by converting the mechanical energy of the wind into electrical energy through the use
of awind generator

wind farm: piece of land on which wind turbines are sited for the purpose of electricity generation

wind (turbine) generator: system that converts kinetic energy in the wind into electrical energy
NOTE: SeelEC 61400-1i.19].

wind power plant: group of wind turbines interconnected to a common utility system

wind resour ce assessment: process of characterizing the wind resource and its energy potential for a specific site or
geographical area

wind speed: rate of flow of wind when it blows undisturbed by obstacles
NOTE: Expressedinm/s.
wind speed frequency curve: curve that indicates the number of hours per year that specific wind speeds occur

wind speed profile: profile of wind speed changes at different heights above the surface of the ground or water
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wind turbine rated capacity: power that a wind turbine can produce at its rated wind speed

wind velocity: wind speed and direction in an undisturbed flow

3.2 Symbols
For the purposes of the present document, the following symbols apply:
Wh watt-hours
Wp watt peak
3.3 Abbreviations
For the purposes of the present document, the following abbreviations apply:
AC Alternating Current
AFC Alkaline Fuel Cell
AGM Absorbed Glass Material
AM Air Mass
BMS Battery Management System
BTS Base Transceiver Station
CED Construction Energy Demand
CpVv Concentrating PhotoVoltaic
DC Direct Current
DG Diesel Generator
DGBHS Diesel Generator + Battery in Hybrid System
DMFC Direct Methanol Fuel Cell
EPBT Energy PayBack Time
EV Electrical Vehicle
FC Fuel Cell
FG Fuel Generator
GaAs Gallium Arsenide
GEL GELified
GW Giga Watt (as a measurement unit)
ICT Information Communication Technology
KOH Potassium hydroxide
LA Lead Acid
LCA Life Cycle Assessment
LVBD Low Voltage Battery Disconnector
MCFC Molten Carbonate Fuel Cell
MJ Mega Joule (as a measurement unit)
MPPT Maximum Power Point Tracker
MTBF Mean Time Between Failure
MTTR Mean Time To Repair
MW Mega Watt (as a measurement unit)
OPEX OPerational EXpenditure
PAFC Phosphoric Acid Fuel Cell
PbA Pb Acid (lead Acid battery)
PCB Printed Circuit Board
PCM Phase Change Material
PEM Proton Exchange Membrane
PEMFC Proton Exchange Membrane Fuel Cell
PV Photovoltaic
RBS Radio Base Station
RPM Round Per Minute
SMES Super Magnetic Energy Systems
SoC State of Charge
SOFC Solid Oxide Fuel Cell
SPS Solar Power System (PV modules + Storage batteries)
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T™W
VRLA
WG
WTG
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TeraWaitt (as a measurement unit)
Vave Regulated Lead Acid
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4

4.1

Generator technologies

This part of the present document describes the alternative energy generation technologies that can be considered as a
power source for telecommunication applications.

Fuel cells

A fuel cell isan electrochemical reactor used to convert the chemical energy (reduction and oxidation) contained in an
external fuel into electrical energy (Direct Current output power) characterized by a continuous supply of reactants and
flowing out of reaction products. The fuel cell can operate without interruptions as long as the necessary flows are

maintained.

The fuel cell reactor is composed of sets of positive and negative electrodes, an electrolyte between them (e.g. salt
diluted in water or polymer) and a separator (e.g. PEM) to avoid leakage or cross-over of fuel (e.g. H, or methanol)

directly towards the oxidizing agent (e.g. air) without producing useful electronsin external circuit.

Elementary fuel cell voltage are very low (0,1V to 1V in open circuit) and several cells are mounted in serial
arrangement (stack) to obtain practical voltage for powering telecom equipment. The current is dependant of the plate

surface.

There are various types of fuel cells available as showed in table 1.

Table 1: Types of Fuel Cells

FC type PEMFC AFC DMFC PAFC MCFC SOFC
Proton Molten
Exchange Alkaline Fuel |Direct Methanol [Phosphoric Acid Solid Oxide
Name Membrane Fuel |Cell Fuel Cell Fuel Cell g:lrlbonate Fuel Fuel Cell
Cell
Polymer Polymer Molten Li,CO4
membrane . membrane . . .
ZrO, and Y,O
Electrolyte protons KOH solution protons Phosphoric acid ahd K,CO3 _|n 2 203
conductive conductive LIAIO2 matrix
lons in + . + + 2- -
electrolyte |1 OH H H COs3 Oz
Temperature o o 60 °C 60 °C o o o o~ |700 °C to
In operation 40°Cto80°C 10 80 °C 10 100 °C 180 °C to 220 °C (600 °C to 660 °C 1000 °C
H, (pure or H, (pure or from  |bio-gas and bio-gas and
Fuel 2 H Methanol
from reformer) 2 reformer) natural gas natural gas)
Oxidant Air O, (pure) Air Air Air Air
System
o 30 % to 50 % 60 % 20 % to 30 % 40 % 45 % 55 % to 60 %
efficiency
Transport, . Cogeneration,
Portable Cogengratlon, Centralized
L - . Portable . Centralized .
Applications |equipment, Spatial . Cogeneration . electricity
X equipment electricity .
Cogeneration, roduction production
Back-up P Transport
Developing Small series Used Small series Mature Small series Small series
progress technology

Themost used in TLC applications are the PEM fuel cells based on a polymer electrolyte in the form of athin,
permeable sheet. Efficiency of the commercia systemsis greater than 35 %, and operating temperature is about 40 °C
t0 80 °C. Cells stack outputs generally range from 50 watt to 250 kW. The higher the operating temperature the less

degraded on the hydrogen has to be. PEM fuel cells can provide the solid-state backup power solutions.
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The electrical characteristics of fuel cells and their performance tests are described in EN 62282-2 [i.2] and
EN 62282-3-2i.3].

4.1.1 Sources of Hydrogen

PEM fuel cells use hydrogen as afuel. Hydrogen for fuel cells can be produced in large central locations and delivered
in gaseous, liquid or solid (metal hydride) state in tanks, by pipeline, or can be produced at the fuel cell site using an
onsite reformer or electrolyser.

Hydrogen high pressure cylinders tanks are typically used in situations where the fuel cell needs to run for a short
period of time (approximately 8 hours).

4.1.2 On site H, production

Reforming

There are many types of reforming, each with its own strengths and weaknesses. Steam reforming is often selected for
proj ects because of its ability to provide high efficiency use of valuable fuel inputs. Fuel processors have been
developed for avariety of common fuels including methanol (aliquid used as windshield washer and many other
common products but highly toxic). Extended run fuel cell systems allow supporting back-up requirements of days
versus hours by using compact and convenient liquid fuels.

Electrolyser

In some cases it is possible to produce hydrogen directly on site using a photovoltaic system to electrolyze water
(reduction of costs may be achieved in combination with wind and/or grid).

In that case, hydrogen has to be stored in hydrogen storage (see clause 4.1.3) for next use. The H,, is till converting in
electricity through afuel cell.

Thisisasolution for interseasonal storage.
Even with an efficiency of only 25 % of the H,, electrolyser + storage + generator. It can be demonstrated an important

gain when producing H, with the wasted excess of energy of PV when battery are charged. The major problem is cost
and reliability of this very complex solution.

4.1.3 Hydrogen storage
Hydrogen can be stored in many ways: gas, liquid, in solid hydride.
High pressure storage

Commonly H, is compressed in steel or composite tanks and held at pressures up to 70 MPa.

Most backup power fuel cell systems will use compressed hydrogen as a fuel source located near the fuel cell system.
The most typical hydrogen cylinder is often referred to asa " T-cylinder B50", it is approximately 152 cm high and

25 cm wide and holds about 8,5 cubic meters of gas. Multiple tanks are connected together as needed. Each tank weighs
approximately 70 kg. An array of four to six tanks contains enough hydrogen to operate atypical 5 kW fuel cell for nine
hours at full load. Cylinders are typically pressurized to approximately 200 bar, but the pressure is regulated down to
low pressure at the hydrogen tank enclosure to ensure maximum safety and code compliance.

Each T-cylinder stores enough hydrogen to deliver approximately 10 kWh of regulated AC or DC electricity from a fuel
cell system. Hydrogen istypically stored outdoors, but can also be located indoors in certain building typesiif the right
safety and ventilation procedures are followed. Suppliers can offer outdoor enclosures or can also recommend approved
hydrogen storage options for specific applications.

Liquid storage

H, isliquefied at -252 °C. Liquefying is energy intensive, but liquid hydrogen has three times the amount of energy as
an equal weight of gasoline.

ETSI



15 ETSI TR 102 532 V1.2.1 (2012-11)

Hydride solid storage

Hydrogen can also be stored in metal hydrides - granular metal that absorbs hydrogen. These tanks are comparatively
heavy.

Similar, but lighter, are carbon nanotubes, and other carbon absorption techniques still in the experimental stage.
Hydrogen can aso be stored in chemical hydrides by way of chemical bonds. Chemical hydridestypically allow
hydrogen to be stored in conventional tanks that only release hydrogen when a certain catalyst is present, making them
very safe for transportation.

4.1.4 Hydrogen safety

Like all good fuels, hydrogen contains alot of energy. Considering applicable European Directives and standards,
hydrogen can be handled safely when guidelines for its safe storage, handling and use are observed. Hydrogen's
combustion propertiesimply the same caution required when using any fuel, as well as care to address the properties
unique to hydrogen. Some of hydrogen's special properties actually may provide safety benefits compared to gasoline or
other fuels. The hydrogen industry makes, distributes, stores and handles hydrogen nationwide and has compiled an
exemplary safety record.

Main references:
. Industrial gas:
- directive 87/404/EEC [i.4] and its amendment 90/488/EEC [i.5];
- directive 90/396/EEC [i.6];
- directive 1999/92/EC (ATEX) [i.7] and directive 94/9/EC [i.8];
- directive 97/23/EC[i.9].
. Hydrogen:

- Local law and regulation on industrial gas and storage.

4.2 Photovoltaic generators

4.2.1  Traditional photovoltaic flat module for telecommunications
applications

Photovoltaic (PV) technology permits the transformation of solar energy directly into electric energy. Solar energy to
electric energy conversion takes place within solar cells, which can be amorphous, polycrystalline or monocrystalline,
according to their structure. In most cases they are made of silicon. In particular a solar cell is a semiconductor device
that converts photons from the sun into electricity. This conversion is called the photovoltaic effect, discovered by
Becquerel in 1839.

A photovoltaic module is the basic element of each photovoltaic system. It consists of many solar cells, which are
electrically connected and placed between glass and tedlar plate, and framed by an (usually) aluminium frame.

According to the solar cell technology it is possible to distinguish between monocrystalline, polycrystalline and thin
film amorphous solar modules. Most commercial crystalline modules consist of 36 or 72 cells. The typical crystalline
modules power ranges from afew W to up to 300 W/module with a voltage range from 12 V up to more than 100 V
DC. The most important module parameters include a short circuit current, an open circuit voltage and a nominal
voltage at 1 000 W/m?2 solar radiation. Module parameters are measured at standard test conditions (STC) - solar
radiation 1 000 W/m2, air mass (AM) 1,5 and temperature 25 °C.

The documents[i.10], [i.11] and [i.12] give more information about photovoltaic module's characteristics.

A number of solar-modules and other components (batteries, charge regulators, inverters etc.) can form large
photovoltaic systems.
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Advantages and drawbacks
The advantages of PV include:
. Complementarities with other energy sources, both conventional and renewable.
o Flexibility in terms of implementation. PV systems can be integrated into telecommunication sites.
. Low and simple maintenance.
. Production of electricity without greenhouse gas emissions.
. Long operating life (up to 25 years).
Drawbacks include:
. Low efficiency (7 % to 18 %).
. High costs.
. Possibility of vandalism.

A PV system can deliver electrical energy to a specific appliance consumption or for commercial production in case of
electric grid connection.

4.2.2 Short term evolution of solar modules

Reducing cost of PV and improving efficiency are the 2 challenges for the next years. About silicon, after using
electronic quality waste, a dedicated industrial process will be favourable to cost decrease, more over other thin film
technologies using less material will also bein favour of low cost. Table 2 shows technol ogies trends for the next years.

Table 2: PV's technologies trends

Technology Advantages Drawback

Thin layer Low cost and cheaper than efficiency lower than monocristal

CiGSN=14%1to 15 % silicon, silicon,

CdTen=12%to 15 % Sun spectra matched Long-time stability had to be
semiconductors confirmed

111V semiconductors multi-junction  |Worldwide efficiency record n = |Need concentration and tracking

under concentration 40,7 % inlab,n=35%n equipment,

n =35 % @ 500 sun production, More expensive than silicon
Thin layers

4.2.3 Photovoltaic Concentrators

A promising approach to lower the cost of electricity generated by solar photovoltaic systemsisto use lenses or mirrors
to focus, or "concentrate”, sunlight from alarge area onto a small solar cell receiver. This system is suitable for
converting direct solar radiation, so its use is not recommended for places with high ratio of diffuse radiation.

Compared to non-concentrating photovoltaic systems, the required area of solar cellsis reduced by the concentration
ratio, offering a significant lower price for the photovoltaic system for which the solar cell is one of the most expensive
components.

There are many parameters which have to be considered in the design of a concentrating photovoltaic (CPV) system,
including:

. the choice of lensesvs. mirrors;
e line-vs. point-focus;
e theconcentration ratio, for which values of anywhere between 2 and 1 000 or more are used; and

. the choice of solar cell technology.
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The complete system includes concentrator modules, support and tracking structures, a power processing centre, and
land. PV concentrator module components include solar cells, an electrically isolating and thermally conducting
housing for mounting and interconnecting the cells, and optical concentrators. The solar cellsin today's concentrators
are predominantly silicon, although gallium arsenide (GaAs) solar cells may be used because of their high-conversion
efficiencies. The housing places the solar cells at the focus of the optical concentrator elements and provides means for
dissipating excess heat generated in the solar cells. The optical concentrators are generally Fresnel lenses but can aso
be mirrors.

The modules have to be mounted on a support structure and, during daylight hours, have to face (or "track™) the sun
using motors, gears and a controller. Tracking the sun is necessary for high concentration (above approximately
10"suns" or 10x) and increases the amount of energy captured daily, more than compensating for the losses due to
inability to convert diffuse radiation. The concentrator module output flows to a power-processing centre that includes
hardware to convert power from Direct Current (DC) to Alternating Current (AC), safety devices, and controlsto
interface properly with the utility grid or other load.

Current state of worldwide concentrator development shows an extensive typology of technologies, specifically:

e l-axis-tracking parabolic trough at 50x: a polar-axis tracking reflective trough with 50x concentration on a
silicon photovoltaic receiver;

. static (non-tracking) concentrator: a static concentrator with concentration up to 4x. It is mounted south-facing
with latitude slope. This concept, although not part of this technology characterization, was found to be a
low-cost option comparable with either flat-plate thin film or high concentration PV modules;

. point-focus or dish concentrator at 400x or 1 000x: a reflective dish or a Fresnel lens using high-efficiency
concentrator cells operating at a concentration of 400x or 1 000x.

By using optical concentrators to focus direct sunlight onto solar cells, the cell area, and consequently cell cost, can be
reduced by a factor of up to one thousand (a 1 000x concentration factor).

Thiskind of system can be very useful in remote telecommunication sites: the need for a tracker implies the presence of
a structure that maintains the panels raised from the land or the roof making it difficult to install in a context where the
architectural integration isimportant. I|n some remote sites there is not this problem, on the contrary such asystemis
good because reduces the space occupation that can be a critical element. Thereisto consider, anyway, that the tracking
system can introduce a further source of failure so particular attention is needed in the choice of it. Maintenance costs
related to the tracking system have to be considered.

4.3 Wind Turbine Generators

Except for particular sites known for regular wind, wind can be difficult to forecast, it varies from place to place, and
from moment to moment.

To be economically practical, awind turbine should experience year-round average wind speeds of at least 16 km/h.
A careful and precise wind survey has to be made before buying awind system.

43.1 Wind Resource

The wind resource - how fast it blows, how often, and when - plays a significant role in its power generation cost. The
power output from awind turbine rises as a cube of wind speed. In other words, if wind speed doubles, the power
output increases eight times. Therefore, higher-speed winds are more easily and inexpensively captured.

Wind speeds are divided into seven classes, with class one being the lowest, and class seven being the highest. Their
characteristics are shown in the table 3. A wind resource assessment has to be conducted to eval uate the average wind
speeds above a section of land (usually 50 metres high), and to assign that area a wind class. Wind turbines operate over
alimited range of wind speeds. If the wind istoo slow, they will not be able to turn, and if the wind istoo fast, they shut
down to avoid being damaged.
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Table 3: Classes of wind power density

Classes of Wind Power Density at Heights of 10 m and 50 m

10m (33 1) 50 m (164 ff)
Wind Class Wind E\’/ﬁ)/}/\r/ne/tzlgensity Speed m/s (mph) Wind E\’/ﬁ)/}/\r/ne/tzlgensity Speed m/s (mph)
0 0 0 0
1 100 (3,'§> 200 (12',%)
150 ais) 300 wi3)
2 200 (152'%) 400 (175'2)
3 250 (1%'21) 500 (176,58)
4 300 (1‘1‘;) 600 (15;',%)
5 400 (175'?7) 800 (189'?7)
6 1000 (291',40) 2 000 éé;g)

The more the wind blows, the more power will be produced by wind turbines. But, of course, the wind does not blow
constantly all the time. The term used to describe thisis " capacity factor", which is simply the amount of power a

turbine actually produces over a period of time divided by the amount of power it could have produced if it had run at
its full rated capacity over that time period.

A more precise measurement of output is the "specific yield". This measures the annual energy output per square meter
of area swept by the turbine blades as they rotate. Overall, wind turbines capture between 20 % and 40 % of the wind
energy. So at a site with average wind speeds of 7 m/s, atypical turbine will produce
about 1 100 kilowatt-hours (kWh) per square meter of area per year. An increase in blade length, which in turn
increases the swept area, can have a significant effect on the amount of power output from a wind turbine.

The amount of power available in the wind is determined by the equation:

W=12dAv3

Where W ispower, d isair density, A (m2) isthe rotor area, and v is the wind speed (m/s). This equation states that the
power is equal to one-half, timesthe air density, times the rotor area, times the cube of the wind speed. Air density
varies according to elevation, temperature and weather fronts. For the purposes of calculating wind power, the
variations in weather fronts are too small to significantly affect electric power output, so the formulafor air density is:

d=(1,325xP)/ T

Where T isthe temperature in Fahrenheit + 459,69 and P is the pressure in inches of mercury adjusted for elevation.

4.3.2 The Mechanics of Wind Turbines

Horizontal AxisWind Turbines

Modern electric wind turbines come in afew different styles and many different sizes, depending on their use. The most
common style, large or small, isthe "horizontal axis design" (with the axis of the blades horizontal to the ground). On
this turbine, two or three blades spin upwind of the tower that it sits on.

Small wind turbines are generally used for providing power off the TLC, ranging from very small, 250-watt turbines,
to 50-kilowatt turbines.

From the outside, horizontal axis wind turbines consist of three mgjor parts: the tower, the blades, and a box behind the
turbine blades, called the nacelle. Inside the nacelle is gearbox and generator located, converting motion into electricity.
Large turbines do not have tail fins; instead they have hydraulic controls that orient the blades into the wind.
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Vertical Axiswind turbine

Vertical wind turbines work independently of the wind orientation and they do not need mechanical system for
horizontal rotation, the generator and the gearbox can be placed at the bottom, near the ground, avoiding to put them at
the top of the tower. This general conception is generally simpler than for a horizontal wind turbine and it generates less
noise. Except for small turbines, this kind of generator does not alow to use a high tower and it has to be considered
that the wind speed is usually lower and more turbulent near the ground. Other drawbacks are lower power range and
efficiency than the horizontal axistype, typically 50 % lower, low start torque, and pulsating torque at operation,
causing mechanical fatigue.

Alsointhe vertical configuration there is a control logic that stops the generator in case of high wind.

Vertical wind turbines may also have efficient, direct driven internal generators and may, under certain conditions, be
mounted on the same mast as other equipment.

4.4 Micro hydro generators

Micro hydro units convert the energy of flowing water into electrical energy. The energy produced by them is
renewable and the process does not emit polluting gases.

Micro hydro generators used in stand al one power systems can be DC units, designed to charge a battery bank or to
power directly TLC'sloads, or AC units designed to supply the household loads directly. Specific micro hydro
generators can operate in parallel with the grid in order to resell the green energy produced in excess

In micro hydro systems water turns a wheel or arunner (like a propeller) to rotate a turbine and produce electricity. The
wheels come in different shapes and sizes depending on the site and the type of turbine.

There are two types of micro-hydro turbines: impulse and reaction.

Impulse turbine wheels run freely in air. Water is directed onto the runner by jets and then drops away, its energy
depleted. Impulse turbines are usually installed on sites with heads greater than ten metres and are the most common
type of turbine installed in a domestic system.

Reaction turbine runners rotate fully immersed in water in a sealed case. After passing the turbine the water continues to
the waterway via a pipe. These are usually installed in low water head applications.

A micro hydro generator is composed of the turbine, gear-box, generator and control; al parts are built in one unit.

Cross-flow turbines, small Pelton and Kaplan turbines are installed for the utilization of locally available small and
medium water quantities.

The cross-flow (or Banki) turbines, like Kaplan, are suitable for heads from 7 m to 60 m and effective flow rates
ranging from 20 I/sto 800 I/s. It offers an excellent solution that reconciles quality, performance and price.

Pelton and Kaplan turbines are used for higher head, most efficient at head > 50 m, suitable for heads from 20 m
to 180 m, even up to 1 000 m deployment in Norway. Effective flow rates are ranging from 0,5 1/sto 100 |/s.

The data concerning head and available water flow are fundamental for cal culating the output power of a micro hydro
generator (see figure 1). By intersecting the Y co-ordinate, which shows the head in metres, with the X co-ordinate,
which shows the flow in litres per second, the resulting point will be found between different diagonal sections
indicating the electrical power generated, expressed in kW. The coloured areas highlight the possible operating points
of the various micro hydro generators available.
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Figure 1. Output power of a micro hydro generator

The output power of a micro hydro generator is obtained by dividing the product of the out flowing water Q (in litre per
second), the fall H (in metres) and the system efficiency by 102:

P=QxHxn/102 (kW)

The system efficiency isthe product of the efficiency of the turbine, speed transmission and generator.

4.5 The Stirling machine

The Stirling machine is an external heat engine belonging to the family of the so-called "hot air engines’. The hot
source of this thermo dynamica machine can come from afluid (liquid or gas) heated by the sun in alinear parabolic
concentrator or from a burner using fuel, which can be bio-fuel (seefigures 2 and 3)

An improved design of the Stirling machine is the Mr. Ericsson motor. In 1833, John Ericsson invented athermal air
engine composed of a compression cylinder equipped with valves, a heat recovery exchanger, a heat exchanger for the
hot source and an expansion cylinder also equipped with valves. This engine seems relevant for small power solar
thermodynamical energy system. The thermodynamical cycle in this machine is a Joule cycle, equivalent to the heat
recovery gas-turbine cycle. Figure 4 presents the basic configuration scheme. This configuration can easily be
"hybridized" (seefigure 5), e.g. by using another thermal energy source than the sun — it can be fuel combustion. There
isfuel tank G, a burning chamber CC, a heat exchanger "heatere" Hf, a pre-heating exchanger used for combustion air P
and the exhaust gas chimney (Chem).

The efficiency with solar heat at around 400 °C is around 10 % to 15 %. When using a fuel burner, the temperature can
be around 800 °C and the efficiency can reach 25 % to 30 % at high load rate.

In addition the solar heat can be stored to reduce fuel consumption and in replacement of electricity storage in battery.
Thisthermal storageisrepresented on figure 5. A tank Sis crossed by aworking fluid in serial with the solar heater Hs
or the fuel heater Hf. Thistank contains a Phase Change Material (PCM). About the PCM thermal storages, the
considered material is an eutectic mixture of NaCl/MgCl2, whose melting temperature equals 442 °C, and the melting
latent heat equals 280 kJ/kg.
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Figure 3: Concentrator second stage and « heater »
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Figure 4: Basic configuration

ETSI



22 ETSI TR 102 532 V1.2.1 (2012-11)

Th 4

hem

Combustion airinlet |

Ths 1

>

]
L Trh
NN
LN R
Trk

(ambient air)

V-Slc:'kingfluidinlet
e[ e
e

- | =T

Figure 5. Hybrid system with storage

The advantages of such machine should be:
. long life time and no noise because no internal explosion;
. high efficiency (comparable to diesel engine);
. possibility to use any fuel with the appropriate burner or any source of heat at the right temperature range;
. as a conseguence, native hybrid configuration with fuel or sun heat;
e very low pollution with sun heat or total combustion of fuelsin good burners.
There are also some difficulties or drawbacks:

e  low speed around 500 rpm to 1 500 rpm increasing the size: either the electric machineis bigger, either a
speed multiplier deviceis required,

. only at development stage;
. bigger machine than fast rotating engine;
e thermal inertia avoiding fast speed regulation (not a problem for DC power generation).

Figure 6 shows a prototype machine of the Sandia Labs with a Stirling machine at the centre of a concentrator dish with
more than 30 % efficiency, while figure 7 shows a prototype of Ericsson machine from LaT EP thermodynamic
laboratory from Pau University.
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Figure 7: Ericsson machine prototype (LaTEP Pau 2008)

5 Energy storage and short term power backup

Energy Storage is necessary in these cases:

a)  power supply of acritical load when the primary energy source (mains) is not available in case of maintenance
or afault (backup power);

b)  whenthereisaneed of an additional power, unsustainable by the standard power infrastructure;

¢) when energy in an useful form is advantageously available from various sources and cannot be used asthereis
not a correspondent demand.

Case a) iswell known as backup power for critical apparatus, uninterruptible power supply, telecommunications
systems, power plants and medical.
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Case b) is becoming more and more popular with the energy storage used to improve the quality of electrical energy
distribution in case of sudden perturbations (voltage sags), to minimize the effects of peak demands and/or, with a better
stability.

Case ¢) istypical of renewable energy sources, such as photovoltaic or eolic systems, with atypical intermittent
availability.

Combinations of these cases are also possible and load levelling is one example of case b) and c).

The following clauses are focused on energy storage systems for applications that require a significant amount of
energy. Among the storage system, the most popular isthat of electrochemical cells (batteries) and therefore focus will
be on batteries for energy storage. Small batteries such as those used in portable/consumer applications are not dealt
with.

The adoption of an energy storage system needs to be evaluated in correlation to the requirements of the application and
to the cost of aternative solutions. In general all energy storage systems can be replaced by additional conventional
energy generation, however this can lead to over sizing (due to high power and fast response needs), with poor
efficiency in the use of energy sources and to bigger investments.

Electrochemical secondary cellg/batteries, in the past as well as nhowadays, are used in most of the energy storage
applications. The most popular is the lead-acid chemistry, and other battery chemistries can offer alternative solutions,
with alkaline cells, lithium based cells and high temperature cells. Performances, availability, cost and long term
reliability are the criteria useful for the selection of the most suitable technology.

Other energy storage technologies, with different characteristics and output, are available. They include:
. Supercapacitors.
e  Flywheds.
. Super Magnetic Storage Systems (SMES).
. Pumped Hydrostorage and Compressed Air.
o Fuel Cells (see also the clause on generation of the present document).

Table 4 and figure 8 summari ze the various energy storage technologies.

Table 4: Energy storage technologies

System Energy Input Energy Storage Energy Conversion

Batteries Electricity AnOd?/ Cathode Anode/Cathode Materials
Materials
Fuel Cells Hydrogen Compressed Gas Tank  |Fuel Cell
Hydrocarbons Tank Reformer + Fuel Cell
Supercaps Electricity Double Layer Double layer discharge
SMES (See note 1) Electricity Magnetic Field Electromagnetic
Flywheels Electricity Cinetic Electric Generator
Pumped Hydrostorage Electricity Gravitational Turbine/Generator
CAES (See note 2) Electricity Pressurized Tank Turbine/Generator
Carnot Cycle

ICE + GenSet (See note 3) |Hydrocarbons Tank Electric Generator
NOTE 1: Super Magnetic Energy Storage.
NOTE 2: Compressed Air Energy Storage.
NOTE 3: Internal Combustion Engine and Generator.
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Figure 8: Classification of energy storage system according to the power/energy output

5.1 Batteries

Secondary electrochemical cells, a'so known as rechargeabl e batteries or batteries, are able to store electricity ina
chemical state as described in figure 9.
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Figure 9: Electrochemical cell scheme and electrical operation
of a cell in charge (left) and in discharge (right)

Batteries were the first form used to store electricity and are now largely used in almost all the electricity applications.
The lead-acid chemistry has been largely developed and engineered since its discovery about 150 years ago and has
achieved alarge scale manufacturing and commercialization development. The Nickel-Cadmium chemistry that has
been discovered in the beginning of the 1900's, has seen alower development in Telecom, mostly because of a higher
initial cost; thistechnology that offerslong life and high reliability is used in hot climates or in severe environment. In
the last decade Nickel-Metal Hydride and Lithium-lon batteries have seen important devel opments and have achieved a
significant market penetration.
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Batteries are generally characterized by high energy efficiency and an almost instantaneous availability. The energy
stored can be delivered in short times (peak power demands) as well as over several hours of energy backup. Their
performances and actual lifetime are strongly dependant on the service operation, with particular emphasis on the
recharge procedure and the environmental conditions. Batteries represent avery reliable form of energy storage and as
they generally contain metals and other materials with a significant environmental impact, their disposal should be
controlled providing the necessary infrastructures.

Battery Technologies

In telecommunication sites the most used system to store energy is represented by batteries. They are charged by the
same energy source that powers the load and then are used to feed it in case of main power source's failure.

There are many battery types but the most used isthe lead acid one. Thereisalot of research to improve battery
technology to have a high energy density and along life. Good results have been reached for consumer electronics
where there are various high performance batteries. In the following tables there is a comparison between some types of

batteries.

Tables 5 and 6 provide an overview of typical battery characteristics.

Table 4 gives the following parameters and in particular:

1) Faradic Efficiency (Ah efficiency) = (Discharged capacity [Ah]) / (Recharge capacity [Ah]) - in

EN 62093 [i.13] the Ah-cycling efficiency is clearly expressed.

2) Energy Efficiency = (Discharged energy [Wh]) / (Recharged Energy [Wh]).

3) Energy Density (Wh/l) = (Nominal or Discharged Energy [Wh]) / (Volume of the Battery or the Module

[litre]).
4)  Energy Density (Wh/kg) = (Nominal or Discharged Energy [Wh]) / (Weight of the Battery or of the Module
[litre]).
Table 5: Overview of typical battery characteristics
Type Electrolyte Faradic Energy Energy Power densities Life cycle Operating
Efficiency |efficiency | density | Peak | Continuous [cycles temperature
(%) [%] [Whikg] [(W/kg) (W/kg) number] at [°C]
T=20°C &
DoD=80 %
Lead-acid |H,SO,4 Upto99% |[75%to 20to 35 120 25 500 to 2000 |-20 to 60
LA 90 %
Nickel- KOH Upto99% |70 % to 40 to 60 300 140 500to 2 000 |-40 to 60
Cadmium 87 %
Ni-Cd
Ni-metal- KOH Upto99% |70 % to 60 to 80 440 220 500to 2500 |[10to 50
hydrid 87 %
Ni-MH
Lithium-ion |LiPFg Upto99% (70 % to 100 to 200 (720 360 500 to 4 000 |-20 to 60
Li-ion 95 %
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Table 6: Comparison between various types of batteries

Cateqor Chemistr Manufacturers | Development Specific Energy Management
gory y Developers Stage Wh/kg Wh/l System
Lead-acid . well
LA worldwide established 30 40to 100 |not used
Nickel- well
Cadmium worldwide . 50 40to0 100 |not used
; established
Ni-Cd
Nickel-
MeHydrid Ni- |worldwide established 60 130 on charge
MH
Nickel-Zinc . not
Ni-Zn Asia-France established 70 70 not used
Li-lon worldwide estabhs_,hed 150 Up to 200 |necessary
small sizes
- Li-lon worldwide establls_,hed 130 Up to 180 |necessary
Lithium Polymer small sizes
Li-Metal Europe-Asia development 180 150 necessary
Li-Metal .
Polymer Canada established 120 120 necessary
. Sodium . necessary
High Sulphur-Na-S Japan established 120 140
Temperature Sodium Metal necessary
Cells Chlorides Switzerland established 120 120

Rechargeable batteries are called accumulators or secondary batteries, while the term primary batteriesis used for single
USe Ones.

The evolution of battery construction has led to making sealed casing, thin-tube electrodes and electrolyte circulation
that are methods to reduce internal resistance and to avoid maintenance.

The energy density increases with temperature and decreases with the discharge rate.

To increase the life cycle and the performance in a context where frequent charge and discharge cycles are needed (that
isthe case of backup batteries in aremote site, maybe equipped with a not constant power source such as a photovoltaic
or wind generator) cycling batteries are used.

So this type of battery has to be used in atelecommunication site for backup purposes.

Batteries with aqueous electrolyte operating at ambient temperature were the first chemistries to be devel oped, starting
more than one century ago.

They are manufactured on alarge mass scale and can benefit of along term research and development activity, of
continuous improvements of design and process manufacturing, driven by competitiveness and cost efficiencies.

They are characterized by a high level of reliability, availability. Their performancesin terms of specific energy are
good and suitable for the magjority of conventional applications. However they are lower as compared to other
chemistries that have been introduced in the last decades.

The batteries with aqueous el ectrolyte can be grouped into two categories:
. batteries with acid electrolyte, i.e. the lead acid battery;

e  batterieswith alkaline electrolyte, or akaline batteries, of which the most popular are the nickel-cadmium
(Ni-Cd) batteries and the nickel-metal hydride (Ni-MH) batteries.
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In batteries with aqueous electrolyte, in addition to the primary electrochemical reactions, secondary (side) reactions
take place, which effects are:

. reduction of their efficiency;

. progressive water consumption (at different rates according to the various technologies) which may require
replacement operations,

. release in the surrounding environment of gases from the electrolysis of water.
This Directive 2006/66/EC [i.14] appliesto all types of batteries and accumulators, regardless of their shape, volume,
weight, material composition designed for industrial or professional uses.

51.1 Lead-acid batteries

Lead acid batteries are made with lead based electrodes and, in the charged state, lead dioxide as positive active
material and sponge lead as the negative one. The electrodes are electrically insulated by a separator with ionic
conductivity. The electrolyte is a solution of sulphuric acid.

The basic reactions are, at positive and negative plate, the following ones:

Charge

Pb + SOy~ . PbSO4 + 2¢”

Negative Electrode: Décharge
PbO; + SO, +4Ht+2e _——, PbSO4+2H,0
Positive Electrode: Décharge

An additional recombination reaction in VRLA isthe one in which the H, produced at positive plate during charge
migrates to negative plate where it efficiently recombines with O, produced, thereby reducing loss of water.

Cells are made with a stack of alternated positive and negative el ectrodes and a separator between two consecutive
electrodes. Electrodes of the same polarity are connected together through led bars that end to the outer with the
positive and the negative terminal. The stacks are housed in a single container (2 V cell) or in a multi-compartment
container (block with nx2 V, where n isthe number of cells connected in series).

Lead acid technologies are differentiated by the type of positive electrode (plate) and by the electrolyte.

In the past, when only conventional cells (also called vented or flooded) cells were available, there was only one type of
electrolyte "configuration”, i.e. a solution partly absorbed in the active material §/separators and partly in afreeliquid
phase.

The main (and only one) differentiation in technology was that of positive plates with:

. pasted plates (also called flat plated);

. tubular plates;

. Planté plates.
In the last two or three decades, with the advent of the so-called Valve Regulated Lead Acid (VRLA) batteries, another
important differentiation of the lead acid technologies emerged, i.e. in terms of the electrolyte condition, with the
following three types:

. freeliquid electrolyte, with vented cell;

e  absorbed electrolyte, where the free liquid electrolyteis retained in absorbing glass mat (AGM) which acts
aso as separator;

o  geled electrolyte, where the free liquid el ectrolyte istransformed in agel (semisolid) phase by means of
additives.
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Lead-acid batteries constitute one of the more economical options for energy storage in renewable energy generation
plants, particularly when they are in a standalone configuration, i.e. not connected to a power grid.

Figure 10: Lead-acid battery installation in a 500 kW renewable sources
power plant with combined eolic and photovoltaic generation

51.2 Nickel-Cadmium batteries

Ni-Cd chemistry features Nickel Hydroxide as positive electrode, Cadmium as negative €l ectrode and an aqueous
solution of potassium hydroxide as electrolyte. Ni-Cd cells have been produced from the beginning of the 1900's,
mostly in Europe, North Americaand in Asia. Several electrode technologies are available. Cells are made with a stack
of aternated positive and negative electrodes and a separator between two consecutive el ectrodes. Electrodes of the
same polarity are connected together through internal collector which ends to the outer with the positive and the
negative terminals. The stacks are housed in asingle container (1,2 V per cell) or in a multi-compartment contai ner
(block with Nx1,2 V, where N is the number of cells connected in series). For atypical 48 V application, 36 to 38 cells
are connected in series.

The basic reactions are:

Anode’s oxidation (2 electrons are released):

ancde @y~ a— A" ™" cd+20H - Cd(OH), + 2¢

Cathode’s reduction (2 electrons are absorbed):
2NiOOH + 2H,0 + 2e” — 2Ni(OH), + 20H"

Global oxy-reducyion reaction (transfer of 2 electrons):
2NiOOH + Cd + 2H,0 + 2e- — 2Ni(OH), + Cd(OH),

— r’"ﬁﬂ
A e et

Figure 11: Scheme of a Ni-Cd cell with electrochemical reactions

It can be seen that water is participating to the reaction but not KOH and additive, which is a huge difference compared
to Lead-Acid; by this way Ni-Cd offers a progressive loss of capacity in operation without risk of sudden death.

The higher initial cost compared to lead-acid is balanced by longer life-time and less maintenance and water refill in hot
climate, or by much better performance without over sizing at low temperature. Ni-Cd is characterized by a high level
of reliability; the progressive and predictable loss of capacity with ageing may be also an advantage.
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Figure 12: Ni-Cd battery installation for renewable sources power plant

5.1.3 Nickel-Metal Hydride batteries (Ni-MH)

NI-MH cells use as negative electrode a combination of metallic alloys which are able to absorb and release hydrogen
in volumes up to a thousand times their own volume. The positive electrode is Nickel Hydroxide asin Ni-Cd batteries.
The electrolyte is an agueous solution of potassium hydroxide. Small cylindrical cells are mass produced, while the
production of large size Ni-MH cellsis limited to a few companies.

5.1.4 Nickel-Iron batteries (Ni-Fe)

The Ni-Fe chemistry was introduced more than one century ago. It proved a very robust battery, tolerant of abuse and
long lasting. The issues related with itslow efficiency, a very high self-discharge and gas emission prevented a
significant worldwide diffusion of Ni-Fe cells and they have been progressively replaced by Ni-Cd cells.

5.1.5 Nickel-Zinc batteries (Ni-Zn)

This alkaline battery uses a zinc electrode which makes it very interesting in terms con material cost and environmental
compatibility. Cell voltageis one of the highest among alkaline cells (1,65 V vs. 1,25V of Ni-Cd or Ni-MH) which
resultsin a very high specific energy.

However the zinc electrode is still affected by a very short life and this fact has always prevented the diffusion of this
technology. New efforts are being carried out to overcome the anode problems, with several research centres being
involved.

5.1.6 Lithium lon batteries (Li-lon)

Lithium-ion cells use atransition metal oxide as cathode (typicaly LiCoO2, LiNiO2, LiMn204 and Fe3P04), carbon
material as anode (graphite, coke, etc.), and aliquid electrolyte that is absorbed by a polymeric foil. The electrolyte
consists of an organic solvent (typically ethylene carbonate with several additives) in which alithium salt (LiPF6 or
LiClO4) is dissolved.

In lithium-ion cells operating within the allowed voltage range, metallic lithium is not present asit is alwaysin theionic
form. Theions are intercalated in the crystalline structure of the positive and the negative electrodes.

The reactions works like arocking chair, with Li ion migrating from one electrode to the other.

While small lithium-ion batteries dominate the portable market, medium and large size batteries are not available in
large scale but expert forecast mass development of this technologies for EV and Renewable Energy in the coming
years. The Lithium ion systems are characterized by very high energy density, excellent cycling capability, high power
capability and maintenance free design.

ETSI



31 ETSI TR 102 532 V1.2.1 (2012-11)

5.1.7 Lithium lon Polymer batteries (LiP-lon)

The Lithium lon Polymer is a solid state cell, with lithiated cobalt oxide as cathode (on an aluminium collector),
graphite as anode (on a copper collector) and a polymeric separator.

This technology, developed by several companies, is characterized by very high performances.

5.1.8 Lithium Metal Polymer batteries (LMP)

The electrochemical configuration of the LMP cell consists of a metallic lithium anode, a solid dry conductive polymer
electrolyte and a vanadium oxide cathode on an aluminium current collector. The conductive polymer should be kept at
temperatures between 40 °C and 60 °C in hormal operation to ensure good ionic conductivity.

5.1.9 Sodium sulphur (Na-S)

The sodium-sulphur cells operate only at high temperatures (300 °C to 350 °C). Both electrodes are in aliquid phase,
while the separator isin a ceramic form (3"-alumina). Presently only some industry produces Na-S cells to be used in
large battery modules (50 kW) for stationary applications, such asload levelling, peak shaving and improved quality in
the electrical energy distribution. The Na-S cell devel opment has been discontinued for safety issues by all devel opers
focused in EV (Electrical Vehicle) applications and applicability in TLC area needs to be studied.

5.1.10 Sodium-metal-chloride

The sodium-metal chloride cell is derived from the sodium-sulphur cell. It can operate only at high temperatures

(300 °C to 350 °C). The cathode consists of metallic powder (Ni, Fe) in atetrachloridealluminate catholite, while the
separator isin aceramic form (3'-alumina), which features a fast transport rate for sodium ions. In the charged state
sodium istransferred to the anode and metal chlorides are produced at the cathode. Sodium metal Chloride systems are
characterized by very high energy density, excellent cycling capability, maintenance-free design and stable performance
in awide temperature range.

Thistechnology has provided unlevelled performancesin EV (Electrical Vehicle) applications (the most demanding
duty for batteries) and applicability in TLC area needs to be studied.

5.2 Supercapacitors

Supercapacitors store electrical energy in the form of an electric field between two electrodes. They have very low
internal impedance and can be recharged in seconds. They are characterized by very high values of specific power
(W/kg) and are particularly suitable for peak power applications. On the other side their specific energy (Wh/kg or
WH/I) is much lower (about ten times) than that of batteries and, in addition, they feature on discharge a voltage profile
decreasing from the nominal voltage to zero, thus limiting the useful energy in actual applications approximately to
1/4 of the available energy (dictated by the minimum operational voltage of the apparatus).

In short, supercapacitors are very good in providing peak power demands but they store low amounts of useful energy
and cannot replace batteries in the majority of the current applications. When integrated with a battery, they may
significantly increase the high rate performance of the storage systems and extend the overall service life asthey can
relieve the battery from high power drains, which have an important effect in its degradation.
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Figure 13: Supercapacitor Bank, 360 V -150 kW 320 Wh
Open issues:
. operating temperature impact on supercapacitors life (higher temperatures brings to reduced lifetime);
e  environmental aspects at the dismissal at the end of life;

e  sofety (risk of explosion).

5.3 Fly wheels

Flywheels store energy mechanically in the form of kinetic energy, i.e. a mass rotating about an axis. A flywheel energy
storage system is an electro-mechanical device that couples a motor/generator with a rotating mass. The motor draws
power from the grid to spin the rotor of the flywheel. During a power outage, voltage sag, or other, the kinetic energy
stored in the rotor is transformed into electric energy by the generator, and the energy is delivered to the load.

In order to optimize the energy-to-mass ratio, the flywheel needs to spin at the maximum possible speed because kinetic
energy only increases linearly with mass but goes as the square of the rotational speed.

Traditional flywheel rotors are usually constructed of steel and are limited to a spin rate of afew thousand Revolutions
Per Minute (RPM). Advanced flywheels constructed from carbon fibre materials and magnetic bearings can spinin
vacuum at speeds up to 40 000 RPM to 60 000 RPM.

Figure 14: Flywheel system example

The flywheel provides power during the bridging time period between the loss of grid power and either the return of
utility power or the start of a back-up energy system (diesel genset). The typical power range of this backup solution is
from some kW to tens of MW, for backup times of seconds or hours.
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54 Super Magnetic Storage Systems (SMES)

Superconducting magnetic energy storage systems store energy in the field of alarge magnetic coil with direct current
flowing. It can be converted back to AC electric current as needed. Low temperature SMES cooled by liquid helium is
commercialy available. High temperature SMES cooled by liquid nitrogen is still in the devel opment stage and may
become a viable commercial energy storage source in the future. A magnetic field is created by circulating a DC current
inaclosed coil of superconducting wire. The path of the coil circulating current can be opened with a solid state switch
which is modulated on and off. Due to the high inductance of the coil, when the switch is off (open), the magnetic coil
behaves as a current source and will force current into the capacitor which will charge to some voltage level. Proper
modulation of the solid-state switch can hold the voltage across the capacitor within the proper operating range of the
inverter. An inverter converts the DC voltage into AC power. SMES systems are large and generally used for short
durations, such as utility switching events.

5.5 Pumped hydrostorage and compressed air

Pumped hydro storage is a conventional energy storage technology utilized by the electrical generation industry. Water
is stored in two basins at different levels: when surplus energy is available, water is pumped from the lower level to the
upper level, during peak hours the flow of water is reversed to generate electricity. The power output and the cost
efficiency of pumped hydro storage depends on the difference in height. Worldwide there are about 100 GW of pumped
hydrostorage installations.

Compressed air energy storage uses pressurized air as the energy storage medium. An electric motor-driven compressor
is used to pressurize the storage reservoir using off-peak energy and air is released from the reservoir through a turbine
during on-peak hoursto produce energy. Theturbine is essentially a modified turbine that can also be fired with natural
gasor distillate fuel. Ideal locations for large compressed air energy storage reservoirs are aquifers, conventional mines
in hard rock, and hydraulically mined salt caverns. Air can be stored in pressurized tanks for small systems.

5.6 Reliability of energy storage systems
Conventional Batteries

Conventional batteries, basically Lead- acid (LA) and Ni-Cd with aqueous electrolyte, are usually operated with no
management systems, are usually not protected against abuse conditions such as overcharge and over-discharge and
frequently there is not any battery disconnecting device. In the user's mind they are called to deliver power under every
operating condition, also beyond the limits, that could create irreversible damages which would require replacement.

In thisterm conventional batteries can be considered as a simple system and therefore offer ahigh level of reliability.

In addition, the fact that conventional battery are not disconnected whatever the operating conditions, including abusive
conditions, can be seen also as an advantage.

High-energy batteries

High-energy batteries such us lithium based or high temperature cells are all integrated with a Battery Management
System (BMYS).

The purpose of the BMS is to operate the battery within the optimal conditions and to prevent the operation in case of
overcharge, over-discharge and over-temperature, with some technology even at the single cell level.

In low power, low voltage batteries thisis easily achieved with simple electronic devices. In higher voltage, high energy
battery systems will require power electronics and/or mechanical switches.
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5.7 Safety of energy storage systems

All energy storage systems present safety risks because of their nature. The risks are associated with:
. the electrical potential between the terminals, which may be very high in large high-voltage systems;
. operational release of substances to the environment;
e  leakage of aggressive or toxic substances;
. development of violent reactions under abuse conditions or internal failure.
Conventional Batteries

The safety issues related to the operation of conventional batteries are all well known and in general properly dealt with.
The most important are:

. risk of electrical shock or external short circuit, prevented with shrouding of live parts or design of the cell;
. hydrogen gas build up, whose risks are prevented with an adequate ventilation;

. release of corrosive vapour with LA, which has been dramatically reduced with the use ceramic filters and
very low gassing rate recombinant cell designs;

. possible thermal instability with LA which may lead to the destruction of the battery and possibly damage to
the surrounding equipment.

The lead-acid and Ni-Cd batteries battery installation should be done in accordance to EN 50272-2 [i.15]. The standard
applies to stationary secondary batteries and battery installations with a maximum voltage of DC 1 500 V (nominal) and
describes the principal measures for protection against hazards generated from:

. electricity;
. gas emission,;
e  dlectrolyte.

EN 50272-2 [i.15] provides requirements on safety aspects associated with the erection, use, inspection, maintenance
and disposal.

Fire or explosions events with conventional batteries involved happen on avery small extent based in percentage terms,
but they happen. There are anumber of root causes, from equipment fault to abuse, manufacturing defects, unsafe
behaviour and inappropriate design. The fact that conventional batteries have been used for many decades and a limited
number of incidents have occurred, lead to a general acceptance of these events.

High energy batteries

High-energy batteries, such us lithium based or high temperature cells, feature components potentially very reactive, do
not tolerate abuse and cannot be overcharged or over-discharged and irreversible damages can occur. A dedicated
Battery Management System equip such type of battery unitsto prevent any safety issue and offer the best performance
of these technologies. This BMS will be designed to ensure vital functions even in case of failure (for instance
redundant independent circuitry) and provide an acceptable level of safety for those battery technologies.

The chances of a mass diffusion of high energy batteriesin power applications, are directly linked to the development
of intrinsic safe battery unitsincluding reliable Battery Management System (BMS).

6 Power Systems

This part of the present document describes the alternative energy converters that actually are considered more
interesting as source of power for telecommunication application.
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6.1 Fuel cell systems

Asaprimary source, PEM fuel cells are not competitive. Direct hydrogen systems are not practical because of the cost
and logistics related to the fuel. Another problem is the limited life of the main component, the fuel cell stack. Air
cooled systems life time is approximately 2 000 hours, while liquid cooled systems may last longer, with manufacturer
life time figures ranging from 5 000 to 20 000 hours.

Systems based on liquid fuels will eliminate the problems related to extensive supply of compressed hydrogen. These
systems are more complex and reliability will consequently be a challenging issue. The lifeisin the lower interval of
the direct hydrogen systems. On the contrary PEM fuel cell systems are expected to be an important component in
many future critical backup power systems for several reasons, the first being that in backup operating mode they
require little or no maintenance and can offer high performances over a wide range of climatic conditions. Finally fuel
cells are easily scaled to meet increasing run time requirements by simply storing more fuel at the site or adding a
hydrogen generation module.

Fuel Cell power system could be used for several telecommunication applications:
. back-up power generator for grid-connected sites;

. secondary power source for PV/Wind/battery hybrid applications. In this application fuel cell isused asa
battery charger and will provide the additional power to compensate for the deficit of renewable energy (but
the OPEX of this method is very high, with waste of energy and H2).

The scheme below shows examples of installation of a backup with afuel cell system: the unit is connected to the DC
bus. The start-up procedure of the cell is often set through a clean contact able to check the presence of the primary
energy source (the grid). Thereis aso an automatic start-up procedure that checks the depth of discharge by the battery
voltage and starts the fuel cell if itslevel decreases below afixed value. In this way the unit is also able to face the
failure of one or more rectifiers during the normal working condition (with the grid connected).

Since the fuel cell has a start-up time (from some seconds to some minutes) it is required to provide a battery or a
supercapacitor as a buffer for the load. The autonomy of the buffer has to be calculated according to the start-up time of
the fuel cell and the load power requirement.
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Figure 15: Back-up power application with H, tank storage or liquid fuel reformer (grid-connected)
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Figure 16: Renewable (PV/Wind) hybrid solution (off-grid)

Photovoltaic systems

A PV system is the assembly of the mechanical, electrical and electronic devices able to capture the solar energy and
produce electrical energy. In the following clauses the different application scenarios of this technology are described,

specifically:

1)

2)

3)

6.2.1

Direct connection: in this case the load is directly connected to the energy sources. The power supply devices
depends strictly on the presence of the solar radiation and a fine regulation of the output power is not possible.
This configuration is not used in telecommunication sites due to the high availability requirements of the
operation.

Off-grid connection: in this case the energy is supplied to the load and stored in the external batteries which
supply the load when the PV is not able to cover al the energy demand. This solution is normally used when
the TLC plant islocated in aremote site and the electrical grid installation results too much expensive (i.e. a
mountain hut or an island).

In-grid connection: two different architectures are possible, the first delivers the whole energy produced to
the grid and the required energy for the TLC is taken from the grid itself. In the second one the photovoltaic
generator supplies directly the TLC load and the surplus is sent to the grid through an inverter.

Off-grid connection system

An off-grid solution is realized with the following elements:

1)

2)

3)

4)

5)

Photovoltaic modules: in order to reach the nominal power and voltage, the modules are connected in parallel
and series.

Photovoltaic modules: in order to reach the nominal power and voltage, the modules are connected in parallel
and series.

Charge regulator: used to control the correct charge of the batteries. This element stops the charge if the
complete charge is achieved and prevents from the battery's deep discharge. Reverse current from PV to
batteriesis avoided with diodes.

Batteries: the correct amount of the battery capacity isthe most important value in the system planning. This
parameter depends on the average solar radiation, variations over day and season, and on the daily load profile.

Inverter: needed if AC power isrequired.
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Figure 17: Off-grid photovoltaic power supply system

The AC and DC are supplied to the TLC load in accordance with ETS 300 132-1 [i.16] and EN 300 132-2 [i.17].

General sizing requirements and parameters

Off-grid sizing takes into account the mean power consumption of the load and the worst solar radiation (kWh/m2/d) on
the site at the selected tilt angle. That has to allow to maximize energy performance in winter on a South orientation (for
North latitude) and an angle equal to the latitude + 15° and not less than 70° in case of snow.

It is also necessary to take into account other parameters:

Battery

albedo coefficient due to clear environment (snow, sand, etc.), constant low temperature;
error estimation on meteorological data;

local geography and climate (shadows, masks due to mountains, fog, etc.);

PV performance dispersion compared to nominal data;

PV efficiency loss with ageing;

effect of external temperature on junction temperature;

battery efficiency of charge and effect of lower capacity for low temperature;

charge voltage of the battery and effect on the reduction of output PV power.

The batteries are used to store energy for the needs during the night and the periods without sunshine to maintain
system availability despite the unpredictable variations in weather. Types and characteristics are shown in
EN 61427 [i.18]. The sizing will take into account:

the maximum period (h) without sunstroke;

battery technology suitable for solar cycling and with alow self discharge;
effect of low or high temperature on the capacity and ageing acceleration,;
daily depth of discharge;

alowed total depth of discharge;

loss of capacity with ageing.
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Charge controller

The regulator or charge controller isthe central component for energy management of the system and battery
protection. It disconnects the load when the battery reaches a predetermined state of discharge and disconnect the
battery from the photovoltaic array when the battery is fully charged taking into account possible variations with
temperature, rate of charge or discharge, age of the battery.

The charge controller might be integrated with a Maximum Power Point Tracker (MPPT) function to get maximum
energy from the solar array.

6.2.2 In-grid connection system

In grid connection system is shown in figure 18. The TLC load is powered by the usual AC/DC power supply system
supplied by the grid. Batteries provide the back-up. Due to the continuous electrical energy "interchange" between the
PV system and the grid, two different energy counters are required: one counts the energy given to the grid and the
other the energy taken from the grid.

PV panels Grid
ifi
Rectifiers TLC
load
B
i
kWwh
— | Batteries |
Inverter Bidirectional
Counter

Figure 18: In-grid photovoltaic power supply system - case 1

In situationsin which there is not any government contribution or the analysis highlights that there is not any
economical convenience, the architecture becomes the one in the figure 19.

PV panels
Grid
Bi-directional AC
— converter e Ibad
kWh
DC Bidirectional
regulator Counter
TLC
Batteries DC load

Figure 19: In-grid photovoltaic power supply system - case 2

The energy produced by the photovoltaic generator is used to supply the TLC load and to charge the batteries. The
surplus energy produced is given to the grid through a bidirectional converter. In bad weather conditions or when the
photovoltaic generator is not able to charge batteries, the bidirectional converter takes energy from the grid working in
parallel with the photovoltaic system. The photovoltaic panels have to be decoupled from the bidirectional converter to
prevent them to become aload. Also in this configuration a bidirectional counter is needed to measure the energy flux.
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As described in figures 18 and 19, the main components are;

. Photovoltaic modules: in order to reach the nominal power and voltage, the modules are connected in parallel
and series.

. Inverter: the solar energy is converted to AC power and sent to the grid; its nominal input voltage has awide
range to be compliant with the photovoltaic panels output voltage range.

. Bidirectional counter: measures the energy in both directions and permits to know the difference between the
energy taken from the grid and the energy given to the grid.

. Power supply system: feeds the load with energy taken from the grid.
. Batteries: back-up the load during mains failure or no sunstroke.

. DC regulator: gives stable DC output to power the load and charge the batteries. It controls battery voltage and
protect them from overcharge and deep discharge.

. Bidirectional converter: with photovoltaic energy present and battery full charged it behaves like an inverter
giving power to the grid; when photovoltaic energy is not sufficient to power the load or the battery requires
energy to be charged, it behaves like arectifier powered by the grid.

One part of the produced energy also can be sold to the energy provider.

6.2.3 Planning of a PV system
In order to realize a correct planning of all the elements of a PV system, the variables are:
1) Geographica position (latitude).
2) Estimated solar radiation (max peak, daily profile).
3) Averagetemperature (this parameter influences the electrical efficiency).
4)  Surface available for the installation.

5) Load peak and daily profile: this parameter is very important in case of off-grid installations, in order to
determine the capacity of the batteries.

6.3 Wind energy systems

Wind generators can be very useful in remote sites, especially in mountain ones. The variation of the amount of wind -
compared to the instantaneous power need - requires the use of an energy storage system to be able to power the TLC
equipment even when the wind speed is too low.

The generating capacity of awind generator system depends on the wind speed and is influenced by the generator's
aerodynamics and its electrical efficiency.

The use of this kind of energy sourceisvery suitable in radio link stations located in high mountain sites where there
are favourable climatic conditions and there is a poor mains grid.

Depending on the type of load and of the generator, the structure of the system has to be based on some of the following
elements. wind generator, rectifier, battery, inverter and load.

In the configuration of figure 20, the AC power from the wind generator supplies arectifier that feeds both the batteries
and the load. If the wind generator is not able to power the load (because of lack of wind or maintenance) the battery
will do; obvioudly it hasto be sized in a correct way. It isagood practise to oversize the battery to have a mgjor support
(without excessive cost). In any case it isimportant to have the historical wind data over a decade at least to be able to
size the system.
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B
|

DC load
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Figure 20: AC power wind energy power supply system

In the following architecture the wind generator supplies directly the TLC in DC; an inverter can be used to generate
AC power. In the system there has to be a control logic that protects the battery from overcharge and deep discharge
disconnecting it from the source or the load.

= AC load
Inverter
= DC load
requlator .
Batteries

Figure 21: DC power wind energy power supply system
When designing awind generator system, it isimportant to consider some parameters such as:

e  available wind energy (yearly breakthrough): the energy of the wind goes with the cube of its speed. Each
generator has a range of working speeds that it can support;

e wind characteristic of the site: the wind can vary alot during the year on a specific site and its quantity can be
estimated using statistical data;

. equivalent operating hours: the number of hoursin a year that the generator should have worked at nominal
capacity to provide the energy actually supplied.

6.3.1 System design

To design awind generator system, the first step isto know the hourly distribution of the wind speed over the year, the
second is to choose the generator according to these site characteristics.
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The historical data are taken from meteorological stations, balloons and aircrafts considering atypical height of

10 mto 70 m. The values show the mean speed <v> of the wind so it is necessary to go from speed to power and hence
to find the relationship between <v>3 and <v3>.There are simple models (used both in U.S. wind atlas and in the
European one) that consider these two quantities simply proportional; following them the relation between speed and
power can be written as:

W
Py=0,625<v3>=13<v>3 —
m
To go from the power in the wind to the power that can be generated by the turbine, it is necessary to take into account
its non linear response. Current turbines usually start to produce at < 3 m/s until a maximum of > 12 m/s.
6.3.2 Installation

The wind generator has to be installed on atower at a height suitable for the location, according to the topography of the
site and to the surrounding objects that can create turbulences.

The reliability of such a system isimportant especially when used in remote sites; thisis guaranteed through the
following features:

. Corrosion protection.

. Over speed protection.

. Lightning protection.

. Low maintenance requirements.

e HighMTBF.

6.4 Hydropower systems

To determine the hydro potential of water flowing from the river or stream, it is needed to know the flow rate of the
water and the head through which the water can fall, as defined in the following:

o theflow rateisthe quantity of water flowing past a point at a given time. Typical unit used for flow rateis
cubic metres per second (m3/s);

e thehead isthe vertical height in metres (m) from the level where the water enters the intake pipe to the level
where the water |eaves the turbine.

It isimportant to note that there is a head and a flow rate below which there is no economic advantage in obtaining
electrical power. These minimum heads and flow rates are difficult to specify because a combination of high values of
one with low values of the other can give some useful power.

The principle scheme to be adopted in a TLC power plant is the one below.

Rectifiers
TLC
load
(e ™ | T
Hydro Electric
turbine generator
| Batteries |

Figure 22: Hydropower supply system
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In plants of the size suitable for telecommunication sites, the types of turbine used are mainly: cross flow, Pelton and
Francis.

The generator is packed together with the control unit in a single package easy to transport and to install. Such a system
needs almost no maintenance, in continuous operation it needs lubrication once a year.

7 Hybrid systems

In some casesit is a good solution to combine alternative and conventional solutions creating an hybrid system that,
when integrated, overcome limitations inherent in either.

Incorporating heat, power, and highly-efficient devices can increase overall efficiency and conserve energy for a hybrid
system when compared with single generator technologies.

Achieving higher reliability can be accomplished with redundant technologies and/or energy storage. Some hybrid
systems typically include both, which can simultaneously improve the quality and availability of power.

Hybrid systems can be designed to maximize the use of renewable fuels, resulting in a system with lower emissions
than conventional fossil-fuelled technologies, and to achieve desired attributes at the lowest acceptable cost.

7.1 System design

When designing a hybrid system, there are four main components to be sized: the renewable energy generator
(i.e. source and converter), the fuel generator, a controller and a storage system (e.g. battery).

The guidelines to be followed are mainly these:

. The renewable energy source has to be able to provide the required power to the load and charge the battery
under the site's average meteorological conditions.

. The fuel generator is dimensioned to have the capacity to supply the load and recharge the battery (without
over sizing). Another important element is to choose a generator which rated output is very close to the one
required by the load to avoid problems due to alight loaded generator. Thisis an element to consider also for
some types of fuel cells.

e  Thebattery hasto be charged by both the sources.

e  Thesizing of the renewable source has to take into account also the statistics of the meteorological data
considering the costs, too.

. The battery has to operate between the renewable energy source and the fuel generator: when the first is not
able to power the load, the battery starts operating and, when it is discharged, the fuel generator starts.

e  Thecontroller isresponsible for the energy management and the control of the different elements. It may act
also as central fault management and communication entity for the complete system.

An important aspect is the control strategy used for batteries, it has consequences on the reliability, efficiency and low
maintenance of the system. The main tasks are:

. to monitor the state of charge and to start the fuel generator when it reaches the minimum safe level, in this
way it is possible to protect the battery against deep discharge and to use the fuel generator asless as possible;

. to avoid overcharging;

. to protect against overvoltage.

The monitoring unit operates with four main thresholds to classify the state of the battery: partial discharge, discharge
until a minimum set-point, charge to near full capacity (e.g. 90 %) and full charge.

To be sure that the battery does not continue to feed the load when the low charge threshold is reached aLow Voltage
Battery Disconnector (LVBD) hasto beinstalled.
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One of the main characteristics of the fuel generator isits starting reliability and time. For fuel cells, it hasto be
considered that the time they require to reach the stationary conditions can be much longer than the time required by a
diesel engine. Usually the reliability target is to have no more than one hour lost in ten years for starting issues.

Since it can happen that, thanks to the availability of the renewable energy sources, the fuel generator stays inactive for
long periods, it is necessary to perform periodical test starts to be sure that it is efficient and ready to start in case of
need. This strategy is aimed to keep the maintenance as low as possible.

Figure 23 summarizes the different possible solutions available to realize hybrid system.
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Figure 23: Hybrid systems matrix

NOTE: DatafromU.S. DOE Natural Gas/ Renewable Energy Workshops August 21, 2001 Golden, Colorado.
In telecommunication applications the most used are described in clause 7.3.

Since the main load, especially in Telecom applications of mobile operators, is of DC type, the two designs of figure 24
are preferable from technical perspective.
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Figure 24: Pure DC and mixed AC/DC technical design of an Hybrid system

The solar battery charger might be equipped with a”Maximum Power Point Tracking" (MPPT) feature. The Inverter in
the mixed design is abidirectional one, possible to transform energy from the DC bus to the AC side and vice versa.

7.2 Planning of a Hybrid system

A possible approach to distinct the different phases during the set-up of a Hybrid site are to distinguish several phases.
It should be noted that financial aspects should always be considered in parallel, because of the high initial investments
and the considered longer payback period compared to conventional power solutions like, diesel generator, etc.
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Figure 25: Possible planning approach

Thefirst phase coversthe first evaluation to select Hybrid site candidates. This phase should contain afirst high level
technical design and economic assessment of the renewable energy solution. It is recommended to keep this phase
in-house.

The planning phase is a task where the specific detailed planning takes place. For this specific planning tools can be
used to get to eval uate the most efficient technical design. This phase is sometimes in-house or outsourced.

Finally the implementation phase kick-off the operational period. However, mai ntenance aspects, e.g. for WTG, should
be considered from the beginning.
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7.3 Selected Hybrid systems

7.3.1  Wind turbine generator combined with fuel consuming generator

In power system designing for a remote site the choice of awind generator may be appropriate considering the climatic
data of the location. In the beginning phase four parameters have to be considered:

. Power needed by the load.

. Economical planning and operation costs.
. Available space and site accessibility.

o Possibility for expansion.

The presence of the fuel generator allows to optimize the size of both the wind generator and the battery, reducing
installation and running costs. Regular maintenance of the wind generator can be assumed to be on an annual basis.

The architecture of ahybrid system is shown in figure 26.

i ; : AC load
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i

DC load
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regulator ."
I Batteries I
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Inverter

Figure 26: Wind generator combined with fuel generator in the pictures cube
with fuel cell has to be replaced with fuel generator

When the wind energy has a suitable intensity, the wind generator powers the load and charges the battery; whenitis
below the required level the battery gives the missing power. If this condition persists and the battery reaches the
minimum SOC, the fuel generator starts feeding the load (and, eventually, charging the battery).

To be able to better manage batteries (for mai ntenance or replacement) it is good to divide the total battery equipment
into two half capacity banks.

Controllers

To manage correctly the battery it is needed to install acontrol unit that regulates the charge and monitors the state of
charge.

It isimportant to provide an alarm signalling and transmission system that controls both the generators and the
subsystems alarms.

Sizing

During the sizing phase of the design, the elements to define are: the size of the wind generator and of the batteries, the
size and type of the fuel generator and its quote of energy to provide over the total amount required.
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The data from which to start are the following:
. Meteorological and geographical datarelated to the wind potential.
. Load.
. MTTR.
. System availability.
. Number of starts of the fuel generator.
. Costs (including fuel consumption and its transportation to the site).

Generally the wind generator is sized at aratio that ranges from 3:1 to 8:1 respect of the required power, while the fuel
generator issized in away that it is able to power the load and charge the batteries.

Examples

Hereafter there is an example of sizing for a system with the following assumptions:
. Annual average wind speed of 5 m/s described by atypical Weibull distribution.
o Fuel consumption for 1 kWhis 0,3 kg of fuel.
. Number of annual start-ups of the generator is:

_365-x
T, +B

S

Where x is the percentage of the energy supplied by the fuel generator, B is the battery duration in daysand T, is the
recharge time in days.

For an 800 W load with 5 days reserve and 30 % energy from the fuel generator with an annual average wind speed of
5 m/stheresultis:

e Wind generator power: 3kWa 9m/s.
o Battery capacity: 25Ahat48V.
. Fuel generator power: 15 kVA.

e  Yearly fuel consumption: 18001.

. Start-upsin a year: 20.

o FG serviceintervention per year: 1.

e WG serviceintervention per year: 1.

7.3.2 Photovoltaic generator combined with fuel consuming generator

The choice of aphotovoltaic generator has some advantages due to high reliability and low maintenance need; the
major disadvantage is the high initial cost with substantial interest rate and depreciation costs over the economic
life-time.

On the other hand afuel generator (fuel cell or combustion) isless reliable, requires refuelling and highest maintenance.
A good compromise isto combine the two types to obtain improvements about costs, reliability and sizing.

The system architecture is shown in figures 27 and 28 with fuel cell.
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Figure 27: Photovoltaic generator combined with fuel generator
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Figure 28: Photovoltaic generator combined with fuel generator (FC with electrolyser)

This approach could lead to a close energy generating system avoiding hydrogen logistic.

For the case of photovoltaic generator combined with fuel cell generator using H2 produced by an electrolyser, an
H2 compressor and tank are generally used, in order to reduce the size of the H2 tubes needed for adequate energy
storage, as the pressure from the electrolyser islow.

When the solar radiation has the proper intensity the photovoltaic generator provides power to the load and charges the
battery; in this situation the fuel generator isin stand-by status. When solar radiation is below a certain level or during
night the battery powers the load.

In bad weather conditions and when the SOC of the battery islow, the fuel generator starts powering the load and
charging the battery.

The control unit has to provide some important functionality, such as: overvoltage and deep discharge battery
protection, state of charge monitoring to be able to start the fuel generator in time even in case of fail during start-up,
collection and transmission of alarms.
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About installation the photovoltaic generator has to be installed following the normal criteria used regarding inclination,
orientation and shadows awareness. There is afurther element related to the fuel generator: if it isadiesel engine the
modules have to be installed far away from the exhaust to avoid particles to lay down on the photovoltaic panels.

The fuel tank hasto have a capacity suitable to power the load during the time in which the other source is not
available. If using fuel cells, particular attention has to be put in the choice and location of the hydrogen tank. It is
possible also to produce the hydrogen on site through electrolysis of water, in this case a water tank has to be provided,
and a H2 compressor and gas tank, for adequate H, energy storage.

Very important is the lightning protection that can be achieved connecting the system to the earth network through
conductors with a cross section of at least 50 mm2.

Maintenance

Periodical inspection of the system is needed to assure efficient operation. Photovoltaic generator does not require big
operations, the only activities are the cleaning of the module's surface and the visual check for damages (such as glass
cracks, opacity, delamination, etc.).

About the fuel generator, if it isadiesel engine the checks regard oil and liquids levels, filters cleaning and starter
battery state check; if it isafuel cell it does not require any special check but the membrane needs to be changed out on
aregular basis, estimated every five years, though there is no practical experience yet.

7.3.3 Photovoltaic generator combined with wind generator and fuel
consuming generator

Since photovoltaic, wind and fuel generator have each one its own advantages and disadvantages their combination
allows to use their complementary characteristics to obtain an efficient system.

In some conditions wind and sun are complementary so it is possible to extend the operating range of the renewable
energy generation and, thus, to employ generators with alower peak power. The possibility that the wind and
photovoltaic generator can work in parallel makes the fuel generator to work in alimited time.

The structure of such a system is shown in figure 29.

PV panels

— AC laad
Inverter
D load
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regulatar +
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Gener.

Figure 29: Photovoltaic generator combined with wind and fuel generator

In normal conditions the load is powered by the photovoltaic and wind generators using battery if the level is not
sufficient. In case of an excess of energy this will charge the battery. In situations of low sun and wind and with alow
battery SOC, the fuel generator will start; its contribute will be between 5 % and 30 % of the yearly total. Due to the
intermittent operation requested in this architecture, the fuel generator hasto be able to start and stop oftenin an reliable
way.

It is necessary to avoid a state of deep discharge (below 50 %) of the battery for along period in order to prevent
degradation (e.g. sulphation). For this reason in the moments in which the renewable energy sources are not able to give
the required power, the load will be fed from the battery and in case of low state of charge the fuel generator has to start
feeding the load and charging the battery.
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Sizing
When designing the system, the main aspects to consider are:
. The balance between the photovoltaic generator and the wind one.
e  The percentage of energy provided by the fuel generator.
. Battery capacity.
. Meteorological data of the site.

o Reliability needed for the application.

To define the proportions between photovoltaic and wind generators, the wind generator has to be considered first
because usually wind turbines are available in a certain number of sizesin opposition to photovoltaic modules which
are produced in sizes that allow better modularity.

In this solution if the fuel generator work load is kept under 30 % the investment and operation costs will be balanced.
Example

The system in this example is supposed to be in a site at 60° latitude and with a mean wind speed of 6,7 m/s with aload
of 450 W. The photovoltaic panels are installed with atilt angle that maximizes the summer production since in that
period the wind is lower than in winter. The fuel generator is a diesel engine that has to provide 5 % of the total power.
The equipment will be the following:

e Wind generator: 900 Wp at 11 m/s.

. Photovoltaic generator: 1500 Wp.

. Storage battery: 1100 Ah, 48V, 5 days.
. Fuel generator: 3 kW.

e  Yearlyfuel consumption: 0,2 m3.
. Y early start-ups. 8.
. Y early maintenance visits. 1.

Existing systems combining by diesel generator and batteries working in cyclic mode can be upgraded to an hybrid
system such as the one present in this clause.

8 Cooling systems

8.1 Geo-cooling

In geology, "geothermal” identifies the heat sources within the Earth. In particular, temperature within the Earth
increases with increasing depth. Highly viscous or partially molten rock at temperatures between 650 °C and 1 200 °C
is postulated to exist everywhere beneath the Earth's surface at depths of 80 km to 100 km, and the temperature at the
Earth's centre, nearly 6 400 km deep, is estimated to be around 7 000 °C, asvisible in figure 30.
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Figure 30: Temperature within the earth vs. depth

Much of the heat is believed to be created by decay of naturally radioactive elements. An estimated 45 to 90 percent of
the heat escaping from the Earth originates from radioactive decay of elements within the mantle. Heat flows constantly
from its sources within the Earth to the surface. Global terrestrial heat flow is

about 45 TW (1 TW = 1012 W).

Concerning limited depths, as shown in the following figure, a constant temperature of about 10 °C is measured at a
depth of 20 m: then, the temperature growths approximately by 3 °C every 100 m.
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Figure 31: Temperature within the earth vs. limited depth
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As shown in figure 32, there are different solutions that can draw advantage from the ground source energy (that, at low
depth, has mainly a solar origin, while at relevant depth has a geothermal origin). In particular, it can be exploited
through:

. groundwater;

. vertical probes,

. horizontal collectors;

e  ground to air heat exchanger.
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Figure 32: Different solutions for use of ground energy source

Furthermore, several geothermal solutions include the adoption of heat pumps (see figure 33), that can move heat from
one location (the "source™") to another location (the "sink™ or "heat sink™). One common type of heat pump works by
exploiting the physical properties of an evaporating and condensing fluid known as arefrigerant. The working fluid, in
its gaseous state, is pressurized and circulated through the system by a compressor. On the discharge side of the
compressor, the now hot and highly pressurized gasis cooled in a heat exchanger called a condenser until it condenses
into a high pressure, moderate temperature liquid. The condensed refrigerant then passes through a pressure-lowering
device like an expansion valve, capillary tube, or possibly a work-extracting device such as a turbine. This device then
passes the low pressure, barely liquid (saturated vapour) refrigerant to another heat exchanger, the evaporator where the
refrigerant evaporates into a gas via heat absorption. The refrigerant then returns to the compressor and the cycleis
repeated.

& simple stylized disgram of & heat pump's vagpor- &

compression refrigeration cycle: 1) condenser, 21 expansion
valve, 31 evaporatar, 41 compressar.

Figure 33: Heat-pump scheme

ETSI



52 ETSI TR 102 532 V1.2.1 (2012-11)

If the cycle isinverted, the heat pump acts as a refrigerator machine: in this way, geothermal heat can be used for
heating in winter, and for cooling in summer. In the following, are reported some in-depth examinations concerning the
main geothermal solutions.
8.1.1 Horizontal collectors
The geothermal plants that use horizontal collectors (placed at a depth of 0,8 mto 2 m, see figure 34) are:

. ideal when large area available;

o highly efficient;

. easy and inexpensive to install (no speciaist bore hole drilling required).

—N
—

Figure 34: Geothermal plants that use horizontal collectors
Table 7 gives an idea of the thermal power that can be extracted using horizontal collectors.

Table 7: extraction of thermal power with horizontal collectors

Type of ground Area dissipation [W/m?] Collector dissipation [W/m]
Dry and sandy 10to 15 4106

Humid and sandy 15t0 20 6108
Dry and clayey 20to 25 810 10

Humid and clayey 25to 30 10t0 12

Water saturated 30to 40 12t0 16

8.1.2 Vertical probes
The geothermal plants that use vertical probes (placed at a depth of 10 m to 200 m, see figure 35) are:
. ideal when no large areais available and/or there is a huge load to dissipate;

e  low-maintenance requiring.
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Figure 35: Geothermal plants that use vertical collectors
Table 8 gives an idea of the thermal power that can be extracted using vertical probes.

Table 8: extraction of thermal power with vertical collectors

Type of ground Probe dissipation [W/m]
Dry sand/gravel <20
Dry sediments 20
Rock or humid soil 50
Rock with high conductivity 70
Water saturated sand/gravel 55 to 65
Humid clay 30to 40
Chalky rock 45 to 60
Sandstone 55 to 65
Granite 5510 70

8.1.3  Ground-to-air heat exchanger
The geothermal plants that use ground-to-air heat exchanger (see figure 36) conduct fresh air through an underground

pipe system to heat it in winter and to cool it in summer. This solution is mainly used for residential buildings, where
the load to dissipate is quite limited.

ETSI



54 ETSI TR 102 532 V1.2.1 (2012-11)

Ground ta air
heat e hanger
Freshdr
fitter bax
| -5C |

'
el |
Ground

Operating princ ple ofthe aivfieatexchanger inWhisr

Ground 1o air
heat exchanger
Frash air
fiter bow

4+ 26°C |

Ground

Operating princ ple ofthe avfeatexchanger in Summer

Figure 36: Geothermal plants that use vertical collectors

The specific situation of a TLC (fixed or mobile) site or a Data Centre suggests the adoption of the Geo-cooling option
only, considering that the equipment rooms have a high temperature (24 °C and above) in every period of the year. To
this end, depending on:

. the specific total amount of the load,;
e  thegeographical reference area;
. the available space around the site.

Every solution described in the previous pages can be adopted. The only significant change concerns the heat pump,
which can be avoided in order to reduce payback time of the investment, considering that (unless there are offices
located near the equipment rooms) the functionality of heating during the winter is not needed.

8.2 Free cooling

Free cooling (or fresh air cooling) takes place when the external ambient air enthalpy (the term used for a combination
of sensible heat and moisture content) is less than the indoor air enthalpy and the cool external air is transferred to the

building envelope either directly or indirectly. The implementation of free cooling in TLC or Data Centre sites allows

strong reduction of the total number of hours during which the air conditioners are used.

Fresh air cooling throughout year

Depending on climatic conditions the use of outside air throughout year i.e. 100 % of the year for cooling equipment is
practicable (TOTAL fresh air cooling).

No refrigerative units are needed. Different options for implementation of fresh air cooling are possible. By hot spot
exhaust solution, warm air is directly collected above the cabinets over air ducts and removed outside of the building
over exhaust fans (see figure 37). Outside air is supplied through apertures in the outdoor facade or over air ductsif no
direct accessis available.
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Figure 37: Scheme of total fresh air cooling solution with hot spot exhaust

Air managing in the TLC/ICT rooms

There are basically three main methods for the air inlet within a room:

"Over" or "Up flow" (see figure 38): the fresh air is distributed from the top side of the room, while the
warmed up air is recovered from the bottom (as visible in figure 38). Certainly thisis not the most efficient
method for air inlet, considering that this solution allows the creation of "stagnation™ areas, and if there are

heat sources within these areas, it becomes really probable to obtain "hot points' that could lead to equipment
damages.

Figure 38: "Over" or "Up flow" air distribution

"Under" or "Down flow" (see figure 39): the fresh air is distributed from araised floor, through appropriate
grids. Thisis amore efficient solution with respect to the "Up flow", even if the air flow is the same for all the
equipment, while it should be greater where the load is higher. The main problem of this solution is that it's not

always possible to realize araised floor in an existing room (nor isit possible to shut down the TL C equipment
or server to allow the civil works).
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Figure 39: "Under" or "Down flow" air distribution

e  "Displacement" (seefigure 40): the fresh air flow isdistributed at alow speed at the floor level, without the
need for raised floor. Moreover, the low air speed allows the creation of alow temperature air layer (with a
low turbulence) that reaches the different equipment. The most important benefit is that with this solution, the
fresh air capacity is absolutely proportional to the thermal load to dissipate.

Figure 40: "Displacement" air distribution

The overall benefits of the free cooling adoption obviously depend on several factors. the average external temperature,
the amount of total load placed within the room, the method used for the air inlet, etc. Anyway, a situation where the
freshair is used for approximately 70 % to 80 % of the year can be quite easily reached. To this end, the rise of the

average temperature allowed within the equipment room can surely help to reach (and probably outperform) the above
percentages.
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8.3 Absorption machines

In order to get advantage of the heat dissipation from equipment for cooling purposes, absorption cooling systems can
be used; these systems are currently tested in telecommunication area.

Figure 41 gives an idea of the working principle:

outside air flow

1111

condenser e
generalor
expansion
device

® = evaporator .

pump
absorber

chilled water

Figure 41: Example of absorption cooling cycle
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Annex A:
Guidelines & Practical Tips on application of alternative
energy solutions to Telecommunications networks

The present annex collects guidelines and practical tips for the application of aternative energy solutionsin the
telecommunication networks, based on the experience and feedbacks collected by the different stakeholders on the
subject (e.g. Vendors and Operators) in rea field applications.

In general, a"three steps approach” for application of renewable energy solution is recommended (see figure 1),
specifically in the planning phase:

A. highlevel assessment of the Renewable Energy Solution (RES);
B. theoretical planning of the solution, also on the basis of practical inputs from the specific application site;
C. implementation of the renewable energy solution.

Thisis an iterative approach, since physical aspects during implementation might affect the planning phase.

Implementation !

With practical
Input

Theroretical
Planning

High Level RES
Assessment

Figure A.1: Planning approach of Renewable Energy Solutions

A PREACTIVE and HIGH LEVEL ASSESSMENT

1) A preliminary analysis of the annual electrical load of the TLC equipment and related infrastructures
(e.g. cooling) should be performed (both in terms of specific power engaged and of energy consumption), in
order to get a correct design and dimensioning of the alternative energy solution (with estimation of annual
electrical energy production, in kWh/year, of the single alternative energy source adopted in that specific site);

2) TLC/ICT energy consumption's optimization and reduction gives wider applicability of alternative energy
solutions in telecommunications network, so the general strategic action to perform isto get the highest energy
efficiency on the TLC/ICT loads (e.g. application of low power modesin xDSL technologies, adoption of
similar power reduction features in mobile network with relation to the transmission status and similar);

3) Useof Fresh Air Cooling (or Free Cooling):

a)  upto now, positive implementations of "Full Free Cooling” (cooling "all year round” by means of the
only usage of external air, without mechanical air conditioning,) have been implemented in red
networks, for cases of density of dissipation up to some hundreds of Watts per square meters,
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b) asagenera indication, in each site where an "air circulation™ system has been deployed or designed,
there will be the possibility of application of Full Free Cooling, while checks or trials may be needed for
sites where another medium, as water, is used or designed (e.g. high density racks, with load of several
kKW per rack);

¢) implementation of free cooling solution with extraction of the hot air from the room is recommended;

d) deployment of "adiabatic" fresh air cooling has been started in TLC networks, in order to get a wider
applicability of external air (via humidification of the air itself);

€) seeaso TR 102489 [i.34], clause 5.3.2. and annex A, for further indications on free cooling.

Hybrid alternative energy solutions (e.g. solar and wind generation): on the base of the survey of locally
available aternative energy sources, atuning of the best mix of sources (e.g. solar and wind) should be
operated;

For off-grid installations, the storage dimensioning should be able to give power to installation up to severa
days to cover absence of solar radiation (the amount of the back-up time should, in any case, reflect the system
availability required in the specific ared);

THEORETICAL PLANNING

6)

Before an alternative energy solution is applied in a specific site, a preventive data collection must be
performed about the availability of renewable energy source (wind, solar irradiation, etc.) in that area. In order
to fulfil thistask, it is suggested to:

a) collect aready available information from existing data bases about alternative energy sources in that
area (e.g. viaon-line tools for viewing renewabl e resource data);

b) perform preliminary feasibility analysis, also using available planning, decision and design free of charge
software tools available on the web;

¢) if possible, ingtal in the site atemporary (e.g. at least one year) monitoring and measuring system for the
collection of real field data on the availability of the aternative energy source (mainly for wind
application);

d) the monitoring of the previous point is particularly suggested for sites with a significative TLC load (e.g.
several kW);

e) for the monitoring of the alternative energy source, it's suggested reuse of existing TLC/ICT
infrastructures (e.g. installation of weather's data recording station on RBS towers or similar).

IMPLEMENTATION (OPERATION)

7)

8)

9)

10)

11)

Power management and control of energy flows between the various element of an alternative energy solution
(e.g. public electricity grid, aternative energy sources, storage unit, load) isa crucia function: the better this
function is implemented, the most successful will be the application of the aternative energy solution in the
network;

TR 102 530 [i.35] gives an example of monitoring and control of energy flows from production units (solar
panels, wind turbines, diesel generator) to loads/grids and to/from storage units (see the related clause on
optimization of diesel generator's fuel consumption);

The "energy storage” function is crucial for an effective applicability of aternative energy solutions (which are
intrinsically non constant during day and night time), since energy storage units can provide an effective
"power bridging" when the alternative energy source is unavailable;

In case of wind turbinesinstallations, for areas with possibility of strong wind, great care and attention must be
paid in choosing solutions able to withstand mechanical stress on rotors (especialy in case of storms or
similar);

Priority should be given to solutions which allow to maximize the reuse of existing or new TLC network's
infrastructures (e.g. poles of networks, roof of buildings, towers of RBS, etc.), see as an example the following
figure A.2 (installation of PV panels above shelters, for gaining also shadowing effect and lower levels of solar
radiation on shelter). In case of existing infrastructures, a preliminary compatibility study should be performed
(e.g. for static check of poles/towers on which alternative energy system will be installed);

ETSI



60 ETSI TR 102 532 V1.2.1 (2012-11)

Figure A.2: Installation of PV panels above shelters (with positive shadowing effect on equipment)

12) Actions against thefts of alternative energy solutions elements (e.g. PV panels) should be undertaken: use
solutions with security elements against thefts (e.g. PV panels with chip able to inhibit the functioning of the
cell/panel in case of theft), use video-monitoring on the site or adopt installation schemes which make difficult
the removal of systems (e.g. use of concrete columnsin installations);

13) Refer also, in general, to the guidelinesincluded in ITU-T (CCITT) GAS 4 (see([i.1]);

14) Refer alsoto GSMA experiencein this area (see: http://www.gsmworld.com/greenpower/index.shtml), see
following figure A.3 from GSMA white paper on "green power" [i.36]):

Current Green Power Deployments in Developing Countries

Canada

Note:  Number represents number of deployments.
No number indicates single or unknown number of sites
Source: GSMA Memeber Operators

Aica ' Wind-Only
' Wind & Solar i

, Biofuels

Figure A.3: Current Green Power Deployments in developing countries (source GSMA 2009)

15) Maintenance issues: actions to assure the nominal performance of the aternative energy solution during its
technical life (e.g. periodical cleaning of surfaces of PV panels, in dusty areas) are recommended;

In off-grid areas (with absence of electrical power from public mains), the deployment of an alternative solution (solar,
wind, etc.) energy solutions for a TLC site can be useful for providing alocal power facility that can be used by the
local Community to recharge mobile phone (see GSMA's 2010 report [i.37]).
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Annex B:
Life Cycle Assessment of Solar Power System and Diesel
Generator Battery Hybrid solutions for GSM BTS

Introduction

So far, traditionally, Return on Investment (Rol) and MoneyPayBackTime (MPBT) are estimated alternative energy
solutions in telecommunications installations. For "green sites’, commonly only the use phase of diesel generatorsis
included and the CO, avoided by diesel combustion estimated. By including the manufacturing and end-of-life cycle of
the photovoltaic and diesel generator power supply systems, the present annex provides an example of Life Cycle
Assessment (LCA) input to the present document " Guidelines & Practical Tips on application of aternative energy
solutionsin Telecommunications [i.38]".

This study is an example of LCA analisys of a solar power system and diesel generator battery Hybrid solution for
GSM BTS; others studies are referred in the bibliography.

Earlier approaches

LCA isastandardized method by which technology functions can be compared from an environmental and economic
point of view. The data collection is commonly time consuming and several more or less well founded assumptions
always have to be made. The difference between comparables solutions has to be rather large (see note), in order to
reach robust conclusions, thisis nevertheless possible in many cases thanks to logic sensitivity analyses.

NOTE: The"necessary" magnitude of the difference has to be judged from case to case. E.g. the difference
between "A" and "B" global warming potential (CO,€) scores has to be smaller if many unit processesin
respective product system are identical, than the difference for Eco-indicator scores for "A" and "B" if at
the same time the unit processes in respective product system are totally different

Several LCA analysis have been made of PhotoVoltaic (PV) systems. Two of the most comprehensive, and with similar
scope as the present study, are from the Netherlands [i.27] and Spain [i.21]. The latter one will, from hereon, be called
Garcia-Valverde. The scope of Garcia-Valverde study is shown in figure B.1.
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Figure B.1: Scope of Garcia-Valverde photovoltaic system LCA in Spain
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Moreover, the embedded energy for production is shown in figure B.2.

R. Garcia-Valverde et al | Solar Energy 83 (2009) 1434-1445

Production Embodied energy

T 6317

MWhth

Lead-acid PV Supporting Al frames Charge Inverter Cables
batteries modules  structure regulators
(mc-Si)

Figure B.2: Embedded energy for production of Garcia-Valverde photovoltaic system

Garcia- Valverde predicts that Pb acid (PbA) batteries and PV modules will have the largest relative weight for many
Solar Power Systems (SPS).

Key indicators

Usually for photovoltaic LCAs a several key indicators are calculated. These are carbon footprint per KWh, energy pay
back time, and carbon footprint pay back time. Here also "environment" pay back timeillustrated by Eco-indicator'99 is
presented. Definitions used are given below:

Carbon footprints

e  Carbon footprint of SPS (Solar Power System) electricity:
gCO2e embeodied C02¢ in lifecycle of the SPS

KWhSPS actual generated electricity by SFS during its lif etime

e  Carbon footprint of DGBHS (Diesel Generator + Battery in Hybrid System) electricity:

geoZe embeodied C0;ein lifecycle of the DGEBHS
kWh DGBHS actual generated electricity by DGBHS during its lif etime

Energy Pay Back Times

Usually Energy Pay Back Time (EPBT) is defined as "the time required for the solar system to offset the energy used
for itsfabrication". Here Garcia-Vaverde's EPBT definition:

. Payback time for energy:

embedied electricity inlifecycle of the SF§
wsed electricity per yvear by the BTS = annual electricity actually generated by SFS

EPBT =
will be used.

Rydh and Sanden used another definition (EPBTalt) where the energy use of the substituted system (here DGBHYS) is
the denominator.

. Alternate Payback timefor energy:

EPBT.. — Primary fossil energy to budld SPS
e ™ “Annual gress primary fossil energy use of DGBHS

Carbon footprint payback times
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. Payback timefor CO.€:

embodied €0.e in lifecycle of the SFS
avaeided COze per year from electricity grid

EHTGPBTQLBEEIELQ'EEN =

embedied C0;e in lifecyele of the SPS

€02ePBTocens = 7 oided COye per year from DGBHS

Eco-indicator payback times
. Payback time for the" Environment" :

embodied Ecepeints in lifecycle ef the SF§
aveided Ecapeints per year from electricity grid

Eco'99PBTjeeurteirygria =

embedied Ecepoints in lifecycle af the SPE

Eco'99PBTpeans = 7 Ecepoints per year from from DGBHS

Goal & Scope Definition for present study
Following the traditional LCA model, the goal and scope will be defined before the LCA estimation can be made.

Goal

This LCA aimsto explore how LCA helps to understand the impact and assess the benefits of a Power Supply Systems
for telecom applications.

The goal isto configure and compare two typical Power Supply Systems:
1) PV modules+ Storage batteries of a Solar Power System (SPS).
2) Diesdl generator + Battery in hybrid (DGBHS).

For one BTS (Base Transceiver Station) and estimate different relative weighs.

Moreover the following LCA and energy indicators will be provided for comparisons and future calculations:
1) Estimation of the environmental footprint of the defined SPS and DGBHS. Find the relative weights.
2) Estimation of the amount of CO,e/kWh for SPS and DGBHS.

3) For SPS, calculation of EPBT and EPBT 4, COZePBTeIectricity grids CO,ePBTpeehs ECOI99PBTe|eCtriCity grids
Eco'99PBT pgaHs:

Scope
Functional unit (f.u.)
In al LCAsthe so-caled functional unit (f.u) has to be defined and has to be the same for the systems to be compared.

Questions need to be answered about what function is provided, how much, how long, in what way, and how well isthis
function provided.

Here the following f.u. is chosen:

"Power system that can deliver the electricity during 15 years (lifetime of power system) needed by one 800 Watt BTSin
Ghana, Africa which is not connected to the main supply”

Overall system solutions for comparison using the above f.u.:

1) PV modules + Storage batteries (SPS).
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2) Diesdl generator + Battery in hybrid (DGBHS).
Include the functions: power supply, power distribution for loads, system monitoring, and system protection.
Power Supply System |: PV modules + Storage batteries (SPS)
The scope of the SPS — Solar Power System (PV modules + Storage batteries) is shown in figure B.3.

\.
I

P A
Module 1 L &
PV .
- an quipment

— —— - Signal Cable

Storage
Battery

Figure B.3: Scope of SPS - Solar Power System (PV modules + Storage batteries)

List of building blocks considered in SPS:
- PV arrays (modul€)
- PV module support structure
- Solar Junction Boxes
- Energy Controllers (Solar Controller)
- PbA Batteries + Battery Cabinet
- DC Cables
- Signal Cables
PV Arrays (modules)

The PV arrays (modules) (figure B.4) are anticipated to be the second largest contributor to carbon footprint. For this
case in Africa 1,580 m x 0,808 m = 1,276 m* PV modules (1 piece) with nominal power 180 W each were used.
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Figure B.4: PV module schematic
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According to a configuration model (used by a software program for solar power system calculation) which considers
peak sunshine hours, egquivalent DC load, the number of days of backup power, the total number of modulesin use at
the sametimeis 38. |.e. the total KW is 38 x 0,18 kW = 6,84 kW.

Garcia-Vaverde measured that 40 (106 W each) PV modules weigh 400 kg (460 kg with aluminium frames) and cover
an area of 35 m? (1,14 m?per PV module, 13,14 kg/m?). Our module then approximately weighs 16,77 kg. The array
weighs 638 kg in total but as 11 extra modules are needed (during the lifetime of the SPS) the total shipped mass

is822 kg.

The LCA of solar panels from the Netherlands [i.27] concluded that the embedded CO.eis around 3,5 kg/kW and the
embedded energy (Construction Energy Demand, CED) is 8,3 MWH/KW (3 000 MJ/m?).

Garcia-Valverde reported 3,134 kg/kW and 31 MWh/kW.

The accumulated CED (=embedded energy) for the construction of the photovoltaic power plants ranges
from 13 to 21 MWh/kW and represents the lowest threshold for the current state of the art [i.23].

A value of 19 MWh/kW will later be shown for SPSin this study.

BENCHMARKING

Regarding the upstream processes, the "Part Production” is 14 % (Electricity for PV module assembly, Wafer

processing, Raw Si Wafer production) and the "Raw Material Acquisition” is 86 %
(Production of Multcrystalline Si lingots, Al, Glass, Copper, PC, EVA).

All inal, 4 % of PV array production is avoided due to aluminium recycling.

NOTE:  Around 12 % of the environmental impact from PV modules production is from primary aluminium
production. It is assumed that the Al recovery efficiency is 35 % for the aluminium frame recycling.
I.e. 4.2 % of the environmental impact caused by producing the PV modules can be avoided. No other

materials are thought to be recycled within or after the PV module life.

COze [kg/kg]

CED [MJ/kg]

Garcia-Valverde

13 (170 kg/m?)

450 (5,900 MJ/m?)

This study

17 (370 kg/m®)

152 (3,300 MJ/m?)

PV Array Support Structure

The PV Array Support Structure (see figure B.5) consists mainly of galvanised steel.
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Figure B.5: PV module support structure

The Spanish LCA concluded 562 kg support structure for 460 kg (35 m?) PV modules, i.e. 16 kg/m? or 1,22 kg/kg.

Then presumably, for the present system of 38 x 1,276 m? = 48,51 m?, which leads to 48,51x 16 kg = 776 kg support
structure needed.

According to the Garcia-Valverde the embodied energy is much lower for this steel structure than for the PV modules.
All'inall, 90 % of PV array support structure production is avoided due to steel recycling.

NOTE: Around 100 % of the environmental impact from Support structure production is from primary steel
production. It is assumed that the Steel recovery efficiency is 90 % for the Support Structure recycling.
I.e. 90 % of the environmental impact caused by producing the Support Structure can be avoided. No
other materials are thought to be recycled within or after the Support Structure life.

BENCHMARKING

CO.e [kg/kg] CED [MJ/kg]
Garcia-Valverde 1,2 21
This study 2,8 30

PbA batteries

The PbA batteries are of GEL or AGM type and are anticipated to be the largest contributor to overall carbon footprint
of the SPS as they have relatively short lifetime in harsh environments and high mass.

It isfair to assume here that these batteries must generally be replaced after 3 years.
How many batteries are needed? The LCA by Garcia-Valverde needed 4,824 kg for 20 years.

One 2V cell ina2 300 Ah battery (24 x 2V cells) weighs 100,5 kg. From the internet figures of mass per Ah can be
found. E.g. a12 V PbA battery of 150 Ah weighs 60 kg, i.e. 10 kg per 2V cell.

Garcia-Valverde reported that 24 pieces of 2V cells (2 300 Ah bank) connected in series weigh 2 412 kg. Possibly there
isacorrelation between Capacity [Ah] and Weight.

Table B.1: Relation between battery capacity and battery mass

Capacity [Ah] 100 100 115 150 2300 800
Weight per 2Vcell [kg] 55 54 7,7 10 100 39,7

Figure B.6 below shows the possible power function correlation between the values of table B.1.
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y =0,0976 x
Possible correlation between capacity and mass for lead-acid batteries 0.8989
R*=0,9914
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Figure B.6: Possible correlation between battery capacity and battery weight

From figure B.6 the mass of one 2V cell in SPS can be estimated to 0,0976x800%% = 39,7 kg

The present SPS needs one 800 Ah 48 V (24 x 2 V cells) battery bank which (logically) weighsless, around 953 kg
(24 x 39,7 kg).

Two 800 Ah 48V (24 x 2V cells) battery banks are needed at the same time. The battery lifetimeis 3 years and the
SPSlifetimeis 15 years.

All in al, thismeansthat 2 x 953 kg x ? = 9 530 kg batteries are used during 15 years.

Garcia-Valverde study on the other hand seem to use a 10 year life time for their batteries. They used one 2 300 Ah
48V (24 x 2V cells) battery bank which weighs 2,412 kg.

2 battery banks were used during 20 years.
All'inall, 8 % of PbA production is avoided due to Pb recycling.

NOTE:  Around 40 % of the environmental impact caused by PbA battery manufacturing is due to Pb
manufacturing. It is assumed 20 % Pb recovery efficiency. That is 8 % of the environmental impact of
PbA battery manufacturing can be avoided.

BENCHMARKING

COze [kg/kg] CED [MJ/kg]
Garcia-Valverde 1,3 50
This study 2,0 24

Battery cabinet
The battery cabinet of galvanized steel is 2-layer horizontal with measures (140 x 70 x 144 cm) and 0,2 cm thick.

One cabinet then weighs approximatively 140 kg. All inall, 90 % of Battery cabinet production is avoided due to steel
recycling.

NOTE: Around 100 % of the environmental impact from Battery cabinet production is from primary steel
production. It is assumed that the Steel recovery efficiency is 90 % for the Battery cabinet recycling. |.e.
90 % of the environmental impact caused by producing the Battery cabinet can be avoided. No other
materials are thought to be recycled within or after the Battery cabinet life.
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Solar Converter and Energy Controller

The Energy Controller in the SPS corresponds to the charge regulators in the Garcia-Valverde paper.

Figure B.7: Energy controller

Table B.2: Estimation of CO,e and Ecopoints distribution for Energy controller part

Weight [g] TOTAL

Part (estimated) COze [kg] Ecopoints
LCD, 1p 20 1,9 0,2
Main Controller board, 1p 71 8,1 0,8
Interface board, 1p 22 1,3 0,1
60A Circuit Breaker, 12p 1,200 4,1 0,6
Surge Protect Device, 4 p 492 1,7 0,2
Terminal, 1p 100 13 2,8
Circuit Bar, 1p 270 0,6 0,7
Box, 1p 6,150 19 2,7
Heat sink, 520 7,1 0,5
Fuse, 2p 60 2,1 0,6
TOTAL 8,800 58 9,2

All'inall, 11 % of production of Energy controller is avoided due to steel recycling.

NOTE:

Around 31 % of the environmental impact from Solar Controller production is from galvanized stedl. Itis
assumed that the steel recovery efficiency is 35 % for the steel box recycling. |.e. 10,85 % of the
environmental impact caused by producing the Solar Controller can be avoided. No other materials are
thought to be recycled within or after the Solar Controller life

BENCHMARKING

COze [kg/kg]

CED [MJ/kg]

Spanish study

21

830

This study

6,6

100

Solar Junction Box

The solar junction box (inverter) islighter than 10 kg (22,05 Ib) and isa 35 cm x 30 cm x 14 cm metal (steel) box.
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Table B.3: Estimation of CO,e and Ecopoints distribution for Solar Junction Box part

Part Weight [g] TOTAL (estimated) CO2e [kg] Ecopoints
Capacitors, 200p 0,4 0,1 0,01
Resistors, 200p 0,4 0,1 0,1
Box, 1p 6,150 19 2,7
Terminals Not available (n.a.) n.a. n.a.
PCB, 1p 69 3,9 0,5
TOTAL 6,200 23 33

The box containsa PCB (2 layers and 14 cm x 16 cm) with common resistors and capacitors components
and 14 terminals used to connect the cables.

All in al, 28 % of production solar junction box is avoided due to steel recycling.

NOTE: Around 81 % of the environmental impact from Solar Junction Box production is from galvanized steel. It
is assumed that the steel recovery efficiency is 35 % for the steel box recycling. |.e. 28,35 % of the
environmental impact caused by producing the Solar Junction Box can be avoided. No other materials are
thought to be recycled within or after the Solar Junction Box life.

BENCHMARKING

COse [kg/kg] CED [MJ/kg]
Garcia-Valverde 3,1 120
This study 3,7 7

Cables

The cables (see figure B.8) are not expected to have alarge share of the SPS footprint.

-_—1

Figure B.8: Cables

Table B.4: Cable types, mass, CO,e, and ecoindicators

Part We'%:;ti[:;ggt;—do)TAL CO.e [kg] | Ecopoints
Wire,450/750V,227 IEC 02(RV)10mm”2,black 2,28 (32 m) 13 5,7
Power Cable,450/750V,227 IEC 02(RV)10mm"2,blue,62A 0,23 (32 m) 6,4 1,6
Wire,450/750V,227 IEC 02(RV)16mm"2,yellow green,85A 5,5 (30 m) 31 14
Wire,450/750V,227 IEC 02(RV)50mm”2,black,170A 6,8 (24 m) 39 12
Wire,450/750V,227 IEC 02(RV)50mm”2,blue,170A 6,8 (24 m) 39 12

Twisted-Pair Cable,1000hm,SEYYP,0.48mm,26AWG,4

Pairs,Black,Low Smoke Zero Halogen Cable 2,25 (60 m) 14 3.9
TOTAL 23,8 (202 m) 140 49

All'inall, 10 % of cable production avoided due to copper recycling.
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NOTE: Around 30 % of the environmental impact from cable production is from primary copper production. It is
assumed that the copper recovery efficiency is 35 % for the copper recycling. I.e. 10 % of the

environmental impact caused by producing the cables can be avoided. No other material s than copper are
thought to be recycled within or after the cable life.

BENCHMARKING

COze [kg/kg] CED [MJ/kg]
The Society of the Plastics [i.24] 40 67
Industry '
Garcia-Valverde 8,9 110
This study 5,9 120

Simplified flow chart SPS
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Figure B.9: Simplified flow chart for SPS LCA

Power supply system I1: Diesel Generator + Battery in Hybrid System (DGBHYS)
The scope of the DGBHS (Diesel Generator + Battery in Hybrid System) is shown in figure B.10.

BTS

Deep cycle ba ry

Figure B.10: Scope of DGBHS (Diesel generator + Battery in hybrid System)

List of building blocks considered in DGBHS
- Diesel Generator (DG)
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- Deep Cycle Batteries.
- Energy management system (1PS).
- Power system converter (AC/DC).
Scope of each unit process
Diesel Generator (DG)

A DG (6 kW - 7,5kVA - 230 V) (seefigure B.11) with diesel engine and Oil level shutdown and Circuit breaker
Electric starter, weighs 390 kg [i.25]. The lifetime of D.G. has been assumed to 2 yearsin continous operation. The DG
is assumed to consist of 90wt % steel and 10wt % copper.

All'inall, 20 % of DG production avoided due to steel and copper recycling.

NOTE: Around 100 % of the environmental impact caused by D.G. manufacturing is due to Steel and Copper
manufacturing. It is assumed 20 % Steel and Copper recovery efficiency. That is 20 % of the
environmental impact of D.G. manufacturing can be avoided.

Figure B.11: Diesel generator

Deep cycle batteries

These PbA batteries should generally be replaced after 3 years. Mass of one 2V cell in DGBHS: 39,5 kg. Asa
simplification deep cycle batteries are assumed to have identical production load as absorbed glass material (AGM) and
GEL batteries used for SPS.

The present DGBHS needs one 800 Ah 48 V (24 x 2 V cells) battery bank which weighs, around 948 kg (24 x 39,5 kg).
One 800 Ah48YV (24 x 2V cells) battery bank is needed. Lifetime 3 years. Lifetime of DGBHSis 15 years.

All in al, thismeans that 953 kg x ? =4 740 kg batteries is used during 15 years.

All'inall, 8 % of PbA production avoided due to Pb recycling (see PbA batteriers used in SPS system).
Battery cabinets
The battery cabinet is 2-layer horizontal, (600 x 700 x 350 mm) x 2, and assumed to be 0,2 cm thick.
One cabinet weighs approximatively 28 kg and one is needed per lifetime for DGBHS.
All'in al, 90 % of battery cabinet production avoided due to steel recycling.
Use phase — diesel combustion for electricity
The assumption is that 0,56 dm®h x 24 x 365 = 4 905 dm® diesel is used per year for DGBHS.
Then 4 905 x 0,85 x 46,5 x 15 MJ diesel is combusted during 15 years lifetime, i.e. approximately 2 900 000 MJ.
With 24,2 % conversion efficiency, 195 000 kWh electricity is generated during 15 years.
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Simplified flow chart DGBHS
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Figure B.12: Simplified flow chart for DGBHS LCA

So far the production of energy management system (IPS) and Power System Converter (AC/DC) are excluded, as they
probably have a small relative weight compared to combustion of diesel.

Transport from Chinato Africa
Seatransport 97 %, transport by truck, air plane and train 1 % each.

With this distribution, for each ton shipped equipment 550 kg CO,e, 9 100 MJ and 54 ecopoints are estimated.
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Results

The following tables and figures report the main results of the LCA calculation of the present annex’s study.

Table B.5: LCA of SPS Summary

Part Mass [kg] COze [kg] Ecopoints CED [MJ]
PV array 820 14 000 580 130 000
(modules)
PbA Batteries 9 500 19 000 1700 230 000
Battery cabinet 280 760 110 8 300
PV Array Support
Structure 780 2100 320 24 000
Solar Junction Box 6,2 23 3,3 270
Energy Controller 8,8 58 9,2 880
Cables 24 140 49 2900
Transport of PV
Array, PbA
batteries, and PV 11100 6 200 600 100 000
Array Support
Structure from
China to Ghana
Use phase -0 -0 -0
Amount waste
generated 10000
Amount Pb waste 6 600
generated
End-of-life phase -3 000 -460 -11 000
TOTAL 39 000 2900 480 000

Table B.6: LCA of DGBHS Summary

Part Mass [kg] CO2e [kg] Ecopoints CED[MJ]
Diesel Generator 3000 8 200 900 140 000
Deep cycle
batteries (PbA 4700 10 000 6 000 89 000
batteries)
Battery cabinet 27 74 11 800

Transport of D.G.
and PbA batteries
from China to
Ghana

Use phase 260 000 33 000 3 500 000
Amount waste 6 800
generated
Amount Pb waste 3300
generated
End-of-life phase -2 100 -520 -32 000
TOTAL 7 700 280 000 40 000 3 700 000

7700 4300 420 70 000
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Figure B.13: Basic CO.e result for SPS
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Figure B.14: Production COze result for SPS
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Figure B.15: Basic CO,e result for DGBHS

Key indicators

39 250 kg [embodied CO-€]
gCO2e/kWhsps 104 256 kWh [actual generated electricity 376
during 15 years] (0,8 kW x 362 days x 24 hrs x 15 years)

Spontaneously 376 g/lkWh seems alittle high, but not unreasonable for the SPS.
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283 500 kg [embodied COz€]
195 485 kWh [generated electricity during 15 years]
9COze/kWhoesrs (4 905dm3/year x 0,85 kg/dm3 x 46,5 MJ/kg x 24,2 % fuel conversion 1,448
efficiency x 1/3,6 x 15 years)

1,448 g/kWh is close to database values ("Diesdl in diesel generator onshore U™ in ecoinvent db emits 1,342 g/kWh
with 24,2 % conversion efficiency).

40 000 [embodied ecopoints]
195 485 kWh [generated electricity during 15 years]
(4 905 dm3/year x 0,85 kg/dm3 x 46,5 MJ/kg x 24,2 % fuel
conversion efficiency x 1/3,6x15years)

ecopoints/kWhpggns 0,205

2 950 [embodied ecopoints]
ecopoints/kWhsps 104 256 kwh [actual generated electricity during 15 years] 0,028
(0,8 kW x 362 days x 24 hrs x 15 years)

The relation between primary energy (CED, Cumulative Energy Demand) and electricity has been assumed 2,7:1
(The cumulative energy needed to build the SPSis 479 000 MJ and the cumulative energy generated by SPS per year is
67 600 MJ > EPBTSPS =7,1).

49 000 kWh [embodied electricity]
EPBTsps [years] 6 950 kWh [used electricity per year by the BTS]: 7,1
(0,8 kW x 362 days x 24 hrs)

Garcia-Vaverde reproted 9 years.

Rydh and Sandén [i.22] reported EPBT as gpgpT = Qix,] where Q, isthe primary fossil energy to build PV system
EUSQ

(357 000 MJ), E« isthe electricity output (6 950 kWh), and 1 is the overall efficiency of the diesel generator (24,2 %).

Primary fossil energy to build PV system,
"non-renewable, fossil", 357 000 [MJ]
Annual gros mary fossil energy use
of diesel system: (6 950 x 3,6) / 0,242 [MJ]s pri

EPBTsps ait [years] 3,4

Further clarification is needed on which is the preferable EPBT as literature provides many examples of definitions.

39,250 kg [embodied CO-€]
2 877 kg [avoided CO.e per year 13,6
from Ghana electricity grid]: (6 950 x 0,414)

CO,ePBTelectricity grid
[years]

13,6 seems very long CO, payback time. Spanish study found 7,8 years. Garcia-Vaverde reported 7,8 years and
Alsemali.26] (with yet another EPBT definition!) 9-14 years depending on % battery recycling.

39 250 kg [embodied CO-€e]
10 064 kg [avoided CO-e per year 3,9
from DGBHS]J: (6 950 x 1,448)

CO2ePBTpeBHSs
[years]

3,9 yearsisrather similar to EPBT sps 41,

ECO'99PBT ety o 2 950 embodied ecopoints
Iye a?,';]d"c“y grid 264,8 ecopoints [avoided ecopoints per year from Ghana 11,1
Y electricity grid]: (6 950 x 0,038 1)
, 2 940 embodied ecopoints
Eco ?gsel?rl]DGBHS 1 424 ecopoints [avoided ecopoints per year 2,1
Y from DGBHS]: (6 950 x 0,205)
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The reasonableness of the result is below compared to results from more or less similar studies:

[kgCOze/kW] CED [MWh/kW]
Alsema, 2000 [i.27] 15,300 83
Garcia-Valverde, 2009 3134]i.28] 31[i.29]
Sherwani AF, 2009 [i.30] 13-21
Ecoinvent db, 2005 [i.31] 1 600-1 900 8,3-10
This study 5700 19

The result of this study is within arange which could be expected. Garcia-Vaverde SPS system is most similar to the
SPS of this study. Due to theincreasing investmentsin PV technologies more and more LCA results are appearing in
the literature and the above compilation is by no means exhaustive.

An operator using the SPS could save roughly 240 kg CO,e annually versus Ghana grid electricity. If replacing DGBHS
with SPS, the annual saving would be around 7 400 kg CO.€.

A sensitivity analysis will be very important for the batteries, both from manufacturing and End-of-life-treatment point
of view. Can Pb recycling from PbA batteries drastically decrease the footprint for SPS? Figure B.16 shows a simplified
senditivity figure which indicates that Pb recycling will neither drastically improve carbon footprint and EPBT values.

NOTE: The recycling benefit is dependent on which GWP and CED values are used for primary and secondary

Pb production. Alsema et al used 65 MJkg primary Pb and 8,6 MJ/secondary Pb. Here ecoinvent "L ead,
at regional storage/RER U" was used. It assumes 25 % primary Pb (26 MJkg) and 75 % secondary Pb
(12 MJkg) for the Pb mix (16 MJKg),

Effect of increased Pb recovery on CO2e/kWh and EPBT

390
380

370 |

360 |
350

m EPBTelectricty grid [years]
@ g CO2/kwWh

340 |
330 |
320

20 60 80
wt% recovered Pb

Figure B.16: Effect of Pb Recovery on CO, and EPBT
The battery usage for DGBHS could be an underestimation as two battery banks might be necessary.
The D.G. usage for DGBHS could be an overestimation as lifetime might be longer than two years.
Both these concerns will not change the understanding of relative weights for SPS and DGBHS.

SPSis as expected much better than DGBHS over 15 years (see figure B.17) and has potential to be even better with an
improved battery management.
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CO.€e emissions of supply options
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Figure B.17: CO, emission per kWh of supplied electricity (assuming a 15-year life time)
for different supply options

Conclusion

For SPS and DGBHS both, PbA batteries have the largest relative weight seen from CO,e emission point of view. The
benefit maximization for SPS should be focused on battery management.

Further work

Alternatives to or improvements of the PbA batteries, standing out due to relatively short lifetime, should be
investigated. The Li-ion batteries are natural to investigate. A recent article in the "Journal of Cleaner Production” [i.32]
estimated around 16 kgCO,€/kg for the production of plug-in electric car Li-ion batteries. At the 35™ IEEE PVSC
conference [i.33], other recent results shows that organic photovoltai cs have a considerably lower embedded energy
than inorganic. |.e. the 130 000 MJin table B.5 could ideally be as low as 30 000 MJfor organic PV array modules.
Further work should put such results into perspective as well potential high uncertainties of datafor metal production.
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Annex C:
Disposal of waste materials

The present annex provides high level information about the issue of disposal of waste materials that have reached the
end of life, after operation in an aternative energy solution.

The annex will focus, specifically, on lead acid batteries, that are classified by Law as "dangerous waste" since they are
made with a toxic metal as lead.

In general, the proper disposal of the dangerous waste materials used in alternative energy solutions, through the
dedicated and well developed recycling industry, is able to assure prehevention of damages to man and environment.

Future version of the present document will provide further information (e.g. on photovoltaic panels), taking into
account the evolution and progress of the recycling industry.

Recycling Lead Acid Batteries

It is estimated that lead acid batteries have a recycling rate close to 100 %, given the 99,95 % extractability of lead from
batteries during the recycling process.

Lead acid batteries at end of life are composed mainly by plastic (10 %), sulphuric acid H,SO, (25 %) and lead (65 %),
seefigure C.1.

Plastics: 10%

Acid dectrolyte (H,S0,): 25%

Figure C.1: End of life lead acid battery main components

Plastic is mainly used in the manufacturing of battery external case (poly-propilen plastic) and a large amount of
recycling of this part of plastic is possible. Plastic is also used for the internal separation grids (poor plastics), but this
part of plastic is not recyclable.

Recycling of lead-acid batteries was made mandatory in 1991 by Directive 91/157/EEC [i.39], which was superseded in
2006 by Directive 2006/66/EC [i.14]. Recycling is aso driven by the economic aspect as the price of lead currently
stands at over 2 000 US-Dollar per ton. Details on recycling of alead-acid battery is provided in figure C.2.
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100 kg of lead-acid _ 9kgof dangerous
battery at end of life waste to properly
Recovery/ dispose
disposal
. » Polypropylene 6%
9 ——
Plastie 108 | ——— Whste: &%

Electrolyteacid | " | Chalk(gypsum)

25% processingtoinert 25%

Recovery

Figure C.2: Detail of recycling for a lead-acid battery

The recycling logistics chain starts with battery collection in garages, repair shops, industry and battery manufacturers.
Collected batteries are then shipped to one of the 40 smelterslocated in 16 EU countries.

The energy used for lead recycling is only about a third of the amount needed to produce primary lead from ore.

Nearly al the materials contained in lead acid batteries can be recovered during the recycling process. Lead and lead
oxide are the two main recycling products. They are refined and are used in new batteries. Plastic pellets are generated
from the crushed plastic containers and covers. And electrolyte is chemically treated to be reused in new batteries.

High recycling rates of lead-acid batteries reduce the environmental impact of their production in terms of heavy metal
pollution to the minimum. Although lead-acid batteries are the main use of lead today the industry accounts for a
negligible part of overall lead emission. EU regulation limits the amount of lead in the air to 0,5 pg/m®, and lead
production and recycling facilities adhere to this limit by deploying arange of high-efficiency air filters and wet
scrubbers.
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