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Introduction
The worldwide operator France Telecom (Orange Brand) is highly involved in environmental preservation and part of it, is its active contribution to the Focus Group ICT&CC and other standardization bodies, observatories, groups, fora and initiatives.

This paper is the first proposed for deliverable 3. This is a general introduction highlighting general aspects of the method and its use to follow ICT service impact progress towards a positive and best possible realistic gain. It will be followed by another paper that will present in details the method assessment, hoping this will be useful to the deliverable 3 work and with possible feedback to the deliverable 1.

A lot of actions are engaged in sustainable development by the France Telecom Group in order to allow the telecom deployment at optimized TCO, with respect to the environment. Research studies and operational best practices to save energy and also to reduce air, water and soil pollution and greenhouse gas emission are encouraged in accordance with the operator social responsibility commitments.
In addition, the use of renewable energy for telecom purpose is dramatically increasing in emerging countries where the Group operates. 

Because sometimes, "green" is now more used as a marketing argument, all these efforts require referenced assessment methods in order to benchmark progresses with the same standard for all actors, and preferably with a neutral scientific method in a first step that can bring an useful output for all stakeholders and is easily understable by them (customers, investors, employees, NGO, politics, media, society in general, …)A lot of works on precise items are already ongoing for example in ETSI or IEEE or ISO or IEC or CENELEC, … as listed in the gap analysis contribution documents, but a final overview work is highly required and ITU-T is one of the best place to do that when speaking about telecom services.
This method should be very modular to avoid multiple count or assessments of the same ICT parts, with risks of getting different results. At the same time, this should simplify and shorten the work by allowing re-use of modules in a lot of services impact assessments.

Because it has been established that some services can mitigate energy and material resources use, when virtual services counterparts exist to physical activities, very global works have been engaged to assess the gain of ICT services for example in transportation, goods manufacture, energy use reduction in residential or professional buildings, … by GeSI, ETNO, … as reported in the gap analysis contribution documents.
For example, cooperative work and teleconference seem to bring high gain when replacing people transportation, allowing that fossil fuel use can be reduced as well as greenhouse gas emissions. The potential gain thanks to tele-work, e-commerce and e-documents is also under assessment.

We can point out that, in order to present the main features of this gain assessment, we believe that we require to define the following:

- A clear functional unit definition for the service, that can be used to express all consumption and gain relatively to this single unit. This includes the definition on how to take into account common ressources sharing (as core network, servers…). 
- A clear time unit, for example all calculation could be done for one year service consumption, which would allow comparing the result to energy consumption or CO2e emissions yearly values. That should include indications on how to take into account how to share the impact of the construction and recycling or end of life of the service. 
- Relevant and international physical units (energy, fuel quantity, gas emission, material mass…) 
- Full life assessment including part of study phase, manufacturing phase, use phase and dismantling phase. This could be a subset of what is commonly called Life Cycle Assessment (LCA), but in the scope of the Focus group with less parameters and much more precise than LCA in terms of boundaries and quantitative calculation. 
- A first realistic traceable and homogeneous assessment approach: In general, the manufacturing phase impact assessment is considered as much more complex and deep than the ICT life phase impact. For this method, it is of high importance to define clearly the limit i.e. where to stop the LCA analysis depth. Going down to the pit or mine for every component can lead to some significant errors and mismatches with the global objective of FG ICT&CC. The value taken into account should be obtained from the final manufacturer or operator which in turn uses values coming only from the previous level, and that's all. This very modular approach means also that other industry input values such as transportation, energy sectors, etc… are available because ICT sector is part of a complex world where all sectors have to fairly contribute to global targets.
- Calculation results expression: it should be in absolute gain to measure absolute progresses. These absolute values are ready for assessment of relative progress to some targets (see KPI below). As already said, the time unit to measure progress is preferably one year. Choosing such a periodical time defined unit should allow a vision of service and operator evolution trends including equipment, geographical coverage and usage change. Another indicator could directly take into account a relative gain, such as total carbon emissions over one year divided by Gross Operational Margin or total energy used during one year divided by Gross Operational Margin.
- KPI (Key Performance Indicator): KPI give benchmark indication in close line with the sustainable development world challenges which include climate change risk mitigation and adaptation, telecommunication development, catastrophe prevention, material resources and fossile energy savings for future generations..

In the following chapters, we come back on these points.

Metrics

The assessment of ICT services impact shall include as a negative input the direct ICT equipment impact including a part of their conception, the manufacturing process, the operational life (use) and the recycling or reuse/ end of life phase. On the other end, it should count as positive the indirect saving obtained by using ICT service in replacement of physical activities previously existing.
International Units

The results should be expressed in ISO 1000 (ICS 01 060) units to avoid confusion.
The metric system chosen is the internationally recognized system 
Power unit : 
1 W = 1 kg m2 s-3

Energy unit :
1 J = 1 W.s


1kWh= 3 600 000 J

Mass unit :
1 kg or 1 t=1000kg

Volume unit:
1 m3=1000l
Other specific units might be used when required for gain assessment: 
1toe= 41 868 GJ= 11 630 MWh (from IAE/OECD)

 = 7,33 boe (barrel of oil i.e 159 l of oil with density 860 kg per m3)

(1 volumic mass of oil varying between 860 and 880 kg per m3)


1 t of Coal = 0,7 toe

1000 m3gas = 0,9 toe

1 t diesel = 1,01 toe


1 m3 diesel = 0,9 to 1,08 toe


1 t gazoline = 1,05 toe


1 m3 gazoline = 0,83 to 0,94 toe
One has to be very careful with these specific units.

One can see a wide range of conversion factors for volumes, because of volumic mass variation between regular and premium fuel. There is a wider variation in CO2e emissions depending on the ratio of Carbon emitted per enery used/.
The direct (or final) energy unit proposal
It appears that there is not only one single metric to express progresses, because there is not only one problem. Climate change is internationally recognised as dependant on human made greenhouse gas emissions, that can be measured in equivalent CO2 tons (tCO2e), but the progresses are also very dependant on carbon fuel use measured in oil equivalent ton (toe).

It can be observed that ICT are essentially consuming electricity in operational life, but also heat in production, which one can call direct energy use expressed in kWh or Joule or toe.

At the end of the day, using direct energy seems to be less subject to conversion factor variations, which is a good thing for reliable intermediate calculation of impact.

(1) During the manufacturing phase, it seems more accurate to use final or direct energy as a fundamental but intermediate value for the ICT impact assessment method, because this is an indicator that is stable and tangible for stakeholders. As everyone can understand it is easily expressed in kWh cost. Other indicators such as CO2e emissions are converted data which can be understood with complementary information because they are very dependent on the manufacturer location in the world and industrial process solutions as explained in delivery 1. For example, heat can come from coal but also from sun or agro-fuel, plastic can come from oil or be replaced by vegetal. It is the same for the energy mix of the country. Coal plant can be replaced by hydro-electric or solar or wind plants. In these 3 cases, plastics, heat and electricity, completely different CO2 emission are obtained. Another argument is economic. The cost of energy reflects the CO2 impact because it influences it. Incentive to reduce CO2 emissions, such as Directives or taxes, and fuel prices increase due to fossil energy depletion should make renewable energy the most economical energy to use in thecoming years.
To assess the manufacturing energy used to build a service, it is possible to calculate and include the energy included in all subparts of ICT devices, but, in order to limit a significant error due to cumulated imprecisions, it should be better to obtain the subpart impact from industrial database e.g. for one integrated circuit, one screen, one box.
(2) During the operational phase, there is a similar argument, because it is essentially electricity that is used (France Telecom environmental report indicates that more than 70 % of energy is electricity), and the CO2e emissions will depend a lot on the way with which electricity is produced (see NTT presentation in FG ICT&CC deliverable 3 living list).
Energy consumption is the result of hardware technologies or architecture and software implementation. Improvements on these 2 areas have a direct impact on energy consumption which can be easily measured. Methodology of measurements can be standardized in order to get reliable results and further benchmarks. So, on one end, all the manufacturers and operators efforts should be translated in a physical data: final or direct energy use. On the other end, carbon emissions will also have to be evaluated.
One can also argue that ICT energy is essentially transformed in heat that can reduce heating and so mitigate the required energy for heating in customer premises but also in tertiary buildings. Of course, this argumentdoes not apply in hot latitudes, especially in summer, where cooling systems will consume more to eliminate the heat excess. But that outlines again that major efforts are to be made to save direct energy use and as a consequence CO2e emissions. Anyway, it will be possible to calculate CO2 emissions gains as a consequence of direct energy reduction.
Final argument in favor of final or direct energy as good intermediate value for ICT negative impact assessment is the fact that legislation and standards are mainly base on power or energy data: European Code of Conducts, Energy using Products directive and other rules require efforts and put targets in power level expressed in Watt (BroadbandCoC) or in efficiency (Datacenter CoC, or power supply adaptors CoC, Energy Star).
That means also that manufacturer have to characterize their equipment in terms of power (Watt) in each operation modes (full operation, reduced operation, standby) and in different configuration. Then energy consumption on a defined period can be calculated for a given user profile and user case. At the ICT energy consumption, shall be added cooling and air management energy. 
(3) On the ICT positive saving side, the final or direct energy is a good choice, if it can be used to easily express the gain for user. For example, teleconference should save transportation, that could be expressed as km saving, it is obvious that we have the choice to express these km savings as CO2 savings or as fuel savings. Another way to do it is to express both as direct energy saving. As there will be great change in the future to produce this energy, depending on the transportation mode, on the vehicle progress and on the fuel process (agro-fuel, oil from coal, …). It is possible to use the average distance for one trip, that is the more direct variable and then to convert it in a chosen unit for energy or CO2 with the relevant conversion macro coefficient (provided at national or world level). It is better to stay with direct user gain expression. This is possible to convert direct energy use in toe for car, planes or trains or in kWh for electric trains and so in saved cost. The CO2e emissions reduction can also be calculated. Another example is e-documents that could save physical media manufacturing. In that case, there is also reduction of material resources. Although direct energy is not the main gain, it is still possible to assess direct energy saving when reducing physical goods production, which allow CO2e emissions reduction. At the end, major objectives are to get a comparison of energy consumption and Carbon emissions between scenarios (for instance, with physical travel versus without).
(4) Indirect saving: It is not obvious to assess these indirect changes, but it is probable that final or direct energy use can reflect some changes. With dematerialization, there should be more durable infrastructure (road, rails, tarmac, …) and longer lifetime of vehicle (Car, vans, planes, boats, …), which mean also change in manufacturing tools with ICT. Energy production should also be lowered. All of that means activity sectors displacement from heavy industry and services for transportation (infrastructure, maintenance, vehicles) and energy production/distribution towards ICT (equipment production in clean room, operation in datacenter, software production, telecom network, home network…). 
(5) Primary energy: if required, it can be assessed from the final or direct energy use, as well as CO2e, so this is probably not a good solution to use primary energy as the main value for intermediate calculation, because it will introduce a lot of conversion factors, which are still under discussion and subject to more changes due to country energy mix evolution, manufacturing process evolution, transportation evolution etc.
Assessment Methods

(1) First of all, "black box" algorithms or indirect data shall be avoided when possible. For example, common problems of LCA or macro economic input-output tables are that they include a lot of indirect calculations, hypothesis, and limits are not always clear, and homogeneous when performing the impact analysis. Sources are sometimes lost and there are too much conversion coefficients that can change with time, so that the global error on the result can be very high.

(2) The boundaries of the LCA should be homogeneous in all phases. A simple way to do that is to limit the depth of investigation to the direct energy used in the ICT devices integration manufacture as we do for operation life.  For example, could be taken into account the energy used to manufacture and install the electricity grid including energy generators or to build roads and cars used to deliver the ICT devices because this is relevant to a common infrastructure for sustainable development of a country.

Only the energy to assemble the ICT devices and to make the specific part or materials of the device should be considered. For example, when considering photovoltaic industry,  it seems natural to integrate a dedicated silicone manufacturing process as a negative weight in addition to PV module integration. But when this silicone is recycled from electronics wastes, that should be counted as a positive impact in the electronics ICT field.

So what we recommend is to be very careful, and not to go too deep in the LCA trees, to avoid too much approximation and errors, and to avoid double count of the same positive or negative impact (e.g. between electronics (ICT sector) and photovoltaic industry (Energy sector) as explained).

(3) An heuristic and iterative method rather than a very systematic investigation will help to determine in an optimized time how to cut the LCA tree branches. To do this :

(a) it is of high importance when collecting data from several sources to get a sound approximation, even if very rough,

(b) then to compare this input to the global cumulated impact to see if this input has a significative impact and if it is needed to get a more precise value. No need to loose time with very low impact.
This is typically a method of equation system solving by approximation where there are more unknown variables than equations. It is well known in chemical reaction solving for example.

(4) All the data should be given with confidence level and error estimation. All the hypotheses should be quoted.
(5) The general principle to assess positive and negative impacts are as follows:

For one service must be identified all the used ICT equipment and their lifetime.

Then the use is ponderated according to the functional or service/product unit over the estimated ICT lifetime for each device. For example for the devices used for teleconference, the unit of use can be a bit quantity during a user time unit (1hour per user). We may keep as estimated lifetimes 4 years for a laptop, 6 years for blade server, 10 years for an Ethernet switch, 15 years for ADSL cabinet, and 40 years for copper or optical network. The manufacturing energy is then weighted by the use and the lifetime.
On the operational use side, the assessment will be based on power measurement method in Watt in different modes defined by standard such as in ETSI EE. Targets are already defined by Eu Code of conduct, rules or directives.

Then the energy can be assessed using average user profiles, which define use times in the different use modes.

Energy over the considered period = Sum of (mode power x time in this mode) + environment energy consumption (cooling) sometime expressed as coefficient (energy conversion efficiency, cooling system performance coefficient …)
Several methods can be proposed for the same variable assessment because sometimes one is more consistent with the available data collection. The one chosen should be clearly indicated and justified.
- Negative impact assessment example:

Example for different ICT power consumption assessment (a), (b) formulas
NOTE: depending on available data, other possible assessment are possible
(a) for a transmission system including optical cable:


life energy = Equipment Number 
x [(individual equipement power x (conversion +cooling coefficient)*8766 + yearly energy for maintenance]
initial or investment energy = ICT manufacturing / ICT lifetime in year 
+ cable concrete installation energy / m  x cable length in m / cable lifetime in year
or 

(b) 
for datacenter:

life energy = Room size in m²
x
(average power consumption per m²   





+ yearly energy for maintenance per m²)

initial or investment energy = ICT manufacturing energy / ICT lifetime in year 



+ Room size in m² x building energy per m² /building lifetime
or …
Then these consumption must be weighted for each service use in the appropriate unit (bit, second, …)

- Positive impact assessment example:

Some example are given for ICT service gain assessment with (c) or (b) formulas, depending on available statistics :
(c) Average km per car per year
x  average number of people per car
x average rate of business trip
x average rate of business trip for meeting
x replaced physical meeting coefficient through teleconference

or

(d) Average business travel per user per year 


x average km per travel per year

x average rate of business trip
x average rate of business trip for meeting
x replaced physical meeting coefficient through teleconference

or …
In addition, 

(7) The choice of the model should allow Micro and Macro comparison. For example, it is possible to make the balance between yearly negative impact of ICT and yearly positive impact, but it is also useful to be able to convert it to service unit such as meeting hour per one user to compare between one hour of teleconference and one hour of real meeting at an average distance.

(8) It should be possible to evaluate evolution with time in order to discriminate the true effect of ICT from other big effects having an equivalent result. For example the cost of oil already pushes towards a traffic reduction, which may be of comparable magnitude to ICT impact assessment.
(9) Unit conversion to homogeneous units should be done as immediately as possible in order to avoid mistakes. For example, consumed fuel can be given in kcal, but it's better to convert to Joule or kWh or toe.

Absolute and Relative balance result expression

The main absolute and relative results can be expressed as follows:
AB1=Absolute ICT service balance in final or direct energy 
= Positive impacts – Negative impact at the same year
AB2=Absolute ICT service balance in other unit (primary energy Joule, toe, tCO2e, …) = AB1 x conversion coefficient
RB1 = Absolute ICT balance in final or direct energy / country final energy consumption at the same year

RB2 = Absolute ICT balance in other unit (CO2e, toe, …)/ country (CO2e, toe, …) at the same year

These simple relative indicators currently proposed do not outline all the effort made by ICT to reduce energy consumption and CO2 emissions, because the impact is diluted in too big energy numbers and all the previous effort of datacom development is counted as negative. 
In the following we propose to mitigate this approach by a more realistic assessment taking into account that past and recent country development has been done using a telecom network base and a computing base. This doesn't mean that no further effort has to be done to highly reduce negative impact as it will be explained and is already put into power targets for the telecom sector with BBCoC for example and on going for mobile networks.
Relative targets (KPI) discussion
Before introducing our new proposal, we would like to give some comments on the previously proposed indicators.
The intensity indicators

Some proposals have been made to mitigate this negative impact by introducing a technical and economical efficiency calculation such as intensity, which is for example Energy or CO2 Unit/Activity Unit measured in money unit. These raised 2 new problems. 

- The first is that intensity is not a good indication to measure progress towards absolute reduction targets that are defined by UN or EU. If absolute activity keeps on increasing faster than absolute energy or CO2 impact, it is possible to have a better efficiency with more global consumption or emission. Of course this is better to improve intensity but not sufficient considering the world problem of energy and CO2.
- The second problem is linked with the nature of the unit. Economical units are subject to faster changes compared to physical units. Another issue is which money unit should we use at an international level as reference for the activity: Euro, $, Yen, £ …

Reference issue
About the reference level to assess the ICT impact, the difficulty is to understand which reference of previous activity is to be taken into account in order to assess the positive ICT impact.

We cannot consider ICT impact at equivalent activity level, i.e. replacement  of one physical action by one equivalent virtual one, because ICT may also tremendously accelerate the increase of activity by indirect effects or so-called rebound effects.

For example, one trivial case is the replacement of letter by email. It is obvious that this is not one for one. But let's go to not so caricatured demonstration, internet can facilitate the information circulation making possible some physical activities that where not so easy to imagine before. The world market helps customers to find goods all over the world and to obtain the best price on the bargain.

The very low cost of personal color printers have probably also increased the paper use, which is more due to ICT democratization than to telecom democratization. People are printing internet pages but also their photos. 

Another problem is that people do no longer discriminate information, contrarily to what was done in the real world because of space and weight limits. In the virtual world, space seems to be infinite and bits to have no weight. People can only see a limit that is that they handle much more data than before and have difficulties to retrieve them and will even lose intimate or important ones. This is not only the telecom network bandwidth that creates this, but also the fact that there is the illusion that there is no limit in the information handling and that it does not cost in term of direct space and weight. Moreover, people have not yet seen the equivalence between space and weight and energy that is more natural for physicians. We need a new relativity revolution in the field of information !
As a consequence, technical ratio such as J/bit does not clearly reflect what happens at the service level, for different reasons. The number of bits is very dependent on what represents the bit at a service level. For example, UMTS is very efficient for broadband data, but not at all for voice. The other point is that potential bit or bit-rate use can be very different of actual use. 

However, compared to intensity indicators, (energy/money) this kind of technical indicator (J/bit potential or real) can be much more useful if used as intermediate variables in a service level method where they help to assess J/service unit as we have explained before.
A realistic balance highlighting ICT efforts in a UN defined sustainable development frame
Our present proposal will just be a correction to the previous chapter relative KPI results.

We will stay with an energy ratio and not an intensity.
The advantage is also to be able to take into account the Eu Code, directive and rules for the sector and global UN targets in the proposed KPI.
UN energy consumption targets 

Whatever is the change due to ICT, there is an average consumption or living standards for every people living in a country that can be assessed in terms of revenue or now in term or energy or CO2 emissions.
There are several ways to express the average energy consumption associated to this life style. It can be expressed in energy (toe, kWh or J) or in permanent equivalent power (W) to be multiplied by a determined time duration to obtain the energy consumption.

The present power equivalent level has been calculated and expressed by the EPFL (Ecole Polytechnique Fédérale de Lausanne) as 6 kW society which is easy to confirm with IAE data. In order to face energy crisis and bring CO2e concentration to a lower level, EPFL has also defined a 2 kW target in 2050. Another calculation gives 1,7 average toe per people, with 3 to 8 toe in the developed countries.
The CO2e reduction target "factor 4" means also energy reduction and displacement to low CO2e emission energy (e.g. renewable). 
Of course there is a minimum basic or offset level that is linked to natural needs (physiological necessity) but there is also a poverty level that is much higher than the survival level. And a sustainable development energy level has been defined in each country or group of nations.
The energy and climate change crisis induce drastic revision of objective levels in order to mitigate the possibly bad consequences of over-consumption for humanity and other life on the earth. 
One realistic target has been defined in a first step by UN as a 20% reduction target in 2020, and then there will be a revision of the target for ulterior times. Some prospective are already ongoing for 2050.

We define the National Energy Reduction Target (NERT) in primary energy:NERT = Number of capita x Today Power level x (1-UN reduction target) x 8766 h

or = reference year national primary energy consumption x (1-UN reduction target)

Example from IEA for France: data from the Key World Energy Statistic 2008

Country level:

France population = 63,2 M capita


Primary energy  = 273 Mtoe

Final energy (direct energy in that paper) = 162 Mtoe (DGEMP France 2006)

x 11630 MWh = 1880  TWh 

Electricity consumption : 479 TWh

Capita level (ICT user level):

Average primary energy = 4,3 toe

Average permanent equivalent power = 5,8 kW

Average finale energy = 2,56 toe

Average permanent equivalent final power = 3,4 kW

in which:

Average permanent electric power use= 0,87 kW

European targets for energy consumption: in the 20-20-20 scenario, it is planned to reduce of 20% the projected energy consumption. Following this target, we can obtain for France:


Average primary power saving in 2020 = 1,16 kW


Average finale energy saving in 2020 = 0,7 kW 
Final Energy effort between 2006 and 2020 in which ICT service can contribute: 

NERT in France 2020 = 273x20%= 55 Mtoe 
Note that this primary energy saving target represents 642 TWh which is more than today electricity national demand

ICT power consumption targets

As a consequence, minimum energy or power consumption values for universal services that should be offered in the frame of sustainable development have been defined or will be defined (see code of conduct).  
ICT impacts (negative and positive) should be expressed as progress towards these defined targets and relatively to the global energy reduction target as a KPI.
We propose to mitigate the negative impact of ICT by an offset value. This offset is the minimum power consumption targets for basic services operation that will be mandatory in the frame of sustainable development. 
NOTE: these values are coming on the physical side from the signal theory that defines a lower level to transmit signal with a sufficient signal/noise ratio to correctly transmit the information through a network and is added what is needed for a proper technical and economical operation of a real operator network.

These minimum target values are already defined in terms of power in Watt for some equipment (Broadband network and CPE equipment) in European Code of conducts and in standards such as for example ETSI EE documents about DSL. Powers limits in different operation modes are already been under specification for all ICT.
The minimum consumption value for one service can then be calculated as explained before in this paper by considering an average user profile that each countries regulation authority follows and publishes at national level.

We define the ICT Bbasic Service Energy "BSE" which is the minimum energy for one service as can be calculated from equipment power targets and average user profile corresponding to sustainable life style
The negative impact should be mitigated by this minimum level of energy for operation under which it is not easy to go. The next step would be to reduce ICT use or to discover a disruptive solution, cases which are not addressed in this work.

NOTE: there is also a minimum energy level to manufacture the ICT device linked to the country energy target, when using renewable energy and more efficient industrial process, but we don't know how to access it, so we propose a conservative approach by keeping today value, which goes in the sense of a realistic approach.

Corrected ICT negative impact  = Absolute ICT negative impact – ICT BSE

Corrected ICT gain KPI

After these correction, we can recalculate a modified relative KPI highlighting the ICT contribution towards the UN environmental reduction targets in the frame of a defined sustainable life style.

For each service, the proposed realistic balances to measure ICT impact and progress are:

Realistic Absolute Balance RAB' = positive ICT impact – corrected ICT negative impact
Realistic Relative Balance RRB' = RAB' / NERT

AB' and NERT are in J, TWh or toe

Conversions in CO2e are still possible as required.
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