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Outline

	General Introduction

		Difficulty of the impact assesment: importance of details

		Methodology to assess ICT negative impact

		Methodology to assess ICT positive impact

		Example

		From a micro to a macro analysis
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Proposal of the Paris-Diderot university 

Energy Consumption Rate Assessment Method 

This contribution introduces an operational and transparent method for ICT assessment.



This method is based on a general assessment method already used for the energy transformation industry.



General method and examples have been published by the French "Académie des sciences" [1].



The interest is to cope not only with CO2 crisis energy but also with Energy crisis (end of cheap oil, limited hydroelectric or agro-fuel potential, etc).







[1] Chavanne X, Frangi JP, «De la détermination du rendement des filières énergétiques», 

C. R. Geoscience vol. 339, n° 8, 2007, 519-535.
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I.	Difficulty of the impact assessment
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I.	Topics

		CO2 emission: 

		ICT equipment and telework do not emit directly CO2,

		Electricity use of ICT equipment,

		Energy consumptions for equipment manufacturing, maintenance and end of life,

		Parasitic consumptions / Rebound effects.



		 Clarification and classification 

		 Quantification / hierarchy setting





ICT & CC Deliverable 3    Geneva 25-28 nov 08         FT & Paris Diderot



presentation title

*







*



		Electricity use impact

Norway	versus      	  Poland



Final energy = electricity, etc.

		 Focus on ICT direct energy use (kWh) 

		 Then convert to CO2 or primary energy



ICT

95% coal

Very low

gCO2 per kWh

Maximum

gCO2 per kWh

ICT CO2  emission can vary for the same service not because of different electricity use  

but because of very different gCO2/kWh coefficients

99% hydro

Primary energy = crude oil, hydroélec., coal, etc.
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		Input/Output table and energy intensity



Electricity and Fuels

In $, £, ¥, €, etc.

		 use of direct and physical units



   (kWh, material mass, hours or bit of services)‏

    IO table only for rough macro assessment

Goods and Services Turnover

In $, £, ¥, €, etc.

All ICT

0.25 G€ (2007)‏

53 G€ (2007)‏

Variation on market valuation, salary or taxes, recession, etc. 

can have higher effects than energy on turnover 

so, IO table are not very good indicators for energy or CO2 assessment

Leontiev Matrix

Inverse Leontiev Matrix

Example:
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		Details and transparency of the data



		 check details, use different sources of data, use established technical and scientifical information, 

		 work with direct energy (kWh)‏



Example of the IP phone: 

		Analyse of the energy to manufacture the device.

		Use of a commercial database (LCA).



Data from a LCD screen: different resolutions, different technologies and so probably different manufacturing energy consumptions

LCD screen: 245 kWh (in primary energy)‏

Total phone: 475 kWh (in primary energy)‏
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		Better to deal first with energy

		Then convert to CO2, primary energy or other indicators

		Express all energy in directly used energy (electricity in kWh, fuels in liter or toe, etc.)‏

		Detail the analysis to avoid big mistakes:

		Indicate necessary assumptions to compensate lack of data

		keep tracability from a lot of data to condensed results

		clearly state uncertainties



		Difficulty of the assessment
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II.	 Methodology to assess ICT negative impacts
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Down-up Method

Process based micro analysis  Macro impact assessment

(connection with macro method, e.g. NTT method without LCA proposed at ETSI)‏

		Phase A: energy consumption of one telecom service (negative impact) using 4 steps

		Phase B: energy consumption of the substitued physical service (positive impact) using 4 steps

		Phase C: assessment of the energy gain.

		Phase D: what about parasitic consumptions and rebound effects ?



		Methodology: overview



=> predictive and optimization tool
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		Methodology: Phase A - Step 1

Division of work > modules



		 Separation according to the different subsystems and operations > modules

		 Identification of devices, operational and investment consumptions



Operation A1

Operational consumption

Investment

consumption

Sub-system 1

...

Operation B1

Data

Electricity

Voice

One end user

Computer

Phone

+

Access

Electricity

Transfer

Network

Electricity

ONT…

Fiber…

Processing

Electricity

Protection

Data center

Electricity

Servers

Firewall…

Example: teleservice

Generic service

End service or product

Electricity

Investment

+

Operation An

Operational

Investment

Sub-system n

Operation Bn

+

Investment

One hour of teleservice per user

Operational

Operational

Sub service
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	- Raw data gathering

- Estimation of the Energy consumptions Cij for each sub-system i

- Different units for Cij e.g. kWh/(h.device), kWh/bit, kWh/(bit.km),etc.

Operation Ai

Operational Ci1

Investment Ci2

Operation

 Xi

Data

kWh/(h.dev.)‏

Voice

One end user

+ …

Access

Transfer

Network

Processing

Protection

Data center

Sub-system i

(detail)‏

End service or product

+

kWh/dev.

kWh/(h.dev.)‏

kWh/(bit.km)‏

kWh/bit

kWh/dev.

kWh/dev.

kWh/dev.

Operational Cin

Investment Cin+1

kWh/(h.dev)‏

kWh/(h.dev)‏

kWh/dev.

kWh/dev.

		Methodology: Phase A - Step 2

From raw data to consumptions



Example: teleservice

One hour of teleservice per user
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To compare the different Cij, introduction of the consumption rates Rij associated to Cij:

		Definition of one single unit for all Rij based on the end service.

		e.g. Rij in kWh per one hour of the teleservice per user.





		A unit conversion coefficient is needed: Pij 



	Pij is the number of end service associated to Cij.

		e.g. if Cij is in kWh/server, Pij = number of hours of the teleservice per user processed by the server during its life time.





		Conversion of all Cij into Rij using the formula:



Rij = Cij / Pij

		Methodology: Phase A - Step 3

Consumption rates
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		Rij analysis:



Comparison and hierarchy between Rij

Improve data accuracy for the largest Rij (time saving).

Understanding Rij with their governing parameters to optimize energy efficiency of the operation corresponding to Rij



		Creation of reusable modules













		Simulation of other technologies with Rij/modules exchange (optimization, prediction)‏

		End service energy assessment

					R  =  R(module i)‏



		Methodology: Phase A - Step 4

Analysis, assessment, simulation



Operation Ai

Operational Ri1

Investment Ri2

Operation Xi

+ …

Sub-system Module i

Operational Rin

Investment Rin+1

R(module i)  = Rij

j
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		Methodology: Phase A - Step 4



The user

The datacenter

The network

Not considered

Ci = 5 Wh.(h.dev)-1

Pi = 1 hCN.user.(h.dev)-1

Ri = 5 Wh/hCN.user

Phone (analogical)‏

Not considered

Ci = 250 Wh.(h.dev)-1

Pi = 1 hCN.user.(h.dev)-1

Ri = 250 Wh/hCN.user

desktop computer (with cathodic tube ray display)‏

Investment consumptions

Operational consumptions

Teleconference Service

















Ci < 18 = 26x0.7 MWh

Pi = 11.6 M hCN.user

(3 years lifetime)‏

Ri < 1.5 Wh/hCN.user

Ci = 34 MWh.year-1

Pi = 3.9 M hCN.user.year-1

Ri = 9 Wh/hCN.user

Firewalls and switches

(6 F and 20 S)‏

(6 x 30 + 20 x 100)x1.8 W

Ci < 43 = 11x3.9 MWh

Pi = 11.6 M hCN.user

(3 year lifetime)‏

Ri < 3.7 Wh/hCN.user

Ci = 86 MWh.year-1

Pi = 3.9 M hCN.user.year-1

Ri = 25 Wh/hCN.user

Phone connection

(11 servers)‏

(2 x 700 + 9 x.450)x1.8 W

Ci < 93 = 24x3.9 MWh

Pi = 11.6 M hCN.user

(3 years lifetime)‏

Ri < 8 Wh/hCN.user

Ci = 310 MWh.year-1

Pi = 3.9 M hCN.user.year-1

Ri = 79 Wh/hCN.user

Computer connection

(24 servers)‏

(2 x 2 + 22 x 0.7)x1.8 kW

















10 to 100 Gbit.s-1

40 years lifetime

Ri assumed negligible

Ci < 0.01 Wh.(Gbit.1000 km)-1

Pi = 4/3 hCN.user.Gbit-1

Ri < 0.01 Wh.(hCN.user.1000 km)-1

Core network

(fibers)‏

Ri assumed negligible

Ci = 15 W.user-1

Pi = 1 hCN.h-1

Ri = 15 Wh/hCN.user

Access Core network























24 servers in half use versus one PC







Even over-evaluated, server investment Ri lower than operational Ri

(is it true for PC ?)‏
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III.	 Methodology to assess ICT positive impacts
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		Methodology: Phases B and C

Positive impact assessment



	Phase B: study of the physical service consumptions

Same method as phase A to assess the physical travel consumptions (steps 1 to 4).

		e.g. Ci as liter of fuel or kWh. Ri in single unit, kWh per person per km.



	Phase C: assessment of the gain due to ICT use

		Comparison of overall consumptions between the telecom service and the physical service. 

		Use of a common unit for Ri: kWh per conference for a fixed distance in km.

		Conversion in primary energy and CO2 emission.
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IV.	 Example
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Direct energy consumptions per conference

between the teleservice and a travel depending on the distance.

IV.	Methodology: example

Direct energy
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Primary energy consumptions per conference

between the teleservice and a travel depending on the distance.

Poland

Norway

IV.	Methodology: Example

Primary energy

oil products a unique factor of 1.09 (from to well to wheel).



Norwegian power structure with 100% waterfall and a factor of one.



Polish power structure with 100% coal plants and a factor of 2.6.
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Amount of fossil CO2 emission per conference

between the teleservice and a travel depending on the distance.

IV.	Methodology: Example

CO2 emission

Poland

Norway

270 gCO2 per kWh of crude oil. 



zero emission for Norway. 



900 gCO2 per kWh of electricity for Poland. 
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V.	 From a micro to a macro analysis
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V.	From a micro to a macro analysis: Phase D

Parasitic consumptions:

	+ parasitic bytes (advertisements, games, etc).

	+equipment switched on but not in use.



Rebound effects:

	+more than one teleservice per substitued travel.

	+other occupations with energy consumption.

Micro analysis: at one service level (for the crucial details).



Macro analysis: at a compagny or a country level (for ICT impacts at this level).



From micro to macro by integrating over the services. Other factors to take into account:
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CONCLUSION

		Proposed assessment down up method based on additive consumption rates “Ri”,

		Ri allow to focus on the important details and save time on less important ones,

		Ri are reusable modules to assess other ICT services,

		Ri allow to study optimisation and to make prediction on efficiency (governing parameters),

		Ri gives a reliable assessment of the energy consumptions. Hence it will give a reliable assessment of CO2 emission and so of ICT impacts.
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Thank you for your attention.
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