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1 Introduction
Ericsson is using the LCA method to estimate the impact of ICTs on climate change as well as the CO2 emissions reduction potential in other sectors through the use of ICTs. 

This paper presents a method on how to assess the CO2 emission reduction potential and a case study for a mobile homecare telemedicine system. The aim of this contribution is to present a generic method and to give an example in form of a case study how the relative change in CO2 emissions before and after the introduction of telemedicine could be assessed. The method presented can be used for further studies when evaluating potential reductions that ICT can bring in other sectors. 

2 Method for assessing potential CO2 reduction

To be able to quantify the potential CO2 reductions of ICT applications and services  the environmental impact of both of the system itself and the system it substitutes, e.g. physical transport, need to be assessed in a life cycle perspective. A schematic illustration of the proposed method for comparing a new ICT service with an original service is shown in Figure 1.The method builds on results from LCA studies of new ICT based systems, e.g. PCs and network access, and LCA studies of the substituted sectors, e.g. buildings and transport. Both the original system (1) and the new ICT based system (2) are assessed in the same way and then compared (3). 
First the processes and boundaries of the system need to be defined. Secondly data is collected from LCA databases, field studies and statistics. The crucial part is to collect real-world data for the use of the service, both in the original system and with the new ICT based system to be able to compare the different systems. Lack of real-world data for new ICT based systems is a problem that can be bridged by scenarios. The third thing to do is the assessment of the CO2 emissions based on the defined systems and collected data. This calculation is based on the LCA methodology. It is important to also include the manufacturing phase besides the operation phase of the new ICT system. The fuel extraction, production and distribution, vehicle manufacturing and construction and operation of necessary infrastructure for travel and transports connected to a service are also important to be included in the assessment. The final part is the comparison between the two systems and from this the potential CO2 reduction potential from the introduction of the ICT service (delta) can be evaluated.
The sequence of the use of the method is described below (A-G), in Figure 1 and also in the case study presented in this paper. 
Original system

A. System (processes, boundaries) 

B. Data collection (statistics, field studies, previous work and experience)

C. CO2 assessment based on LCA method

(2) New ICT based system

D. System (processes, boundaries) 

E. Data collection (statistics, field studies, previous work and experience)

F. CO2 assessment based on LCA method

(3)
G. Comparison of original vs. new ICT based system
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Figure 1 Overview of the method for comparing new ICT based systems to original systems that carry out an equal service. (C-LCA = CO2(e) based life cycle assessment, ICT = Information and Communication Technology, BVT = Building and Vehicle Technology, TT = Travel and Transport)
The same generic method can be used to assess a wide range of services (and applications) and to compare them with conventional systems in use today. 

3 Reducing CO2 with mobile telemedicine - case study 

Ericsson Research has used the method for a study on the potential CO2 emission reduction from the use of a mobile telemedicine system. Below an application of the proposed method is presented.
3.1 Conventional homecare
A. System

The healthcare process selected for this study is homecare of patients with hard to heal leg and foot ulcers (wounds). The patients are consulted by the general physician or the wound care center ones a month for therapy adjustment. This meeting includes physical travel for the patients. The system boundaries are set to only include the CO2 emissions from the transport of the patients and for Swedish conditions.  
B. Data collection

In the transportation scenario only the patient travel will be affected and not the staff travel. Statistics are collected for the traditional homecare process and the patient transports. The number of consultations for this kind of treatment is 12 consultations per year.  

About 85% of the patients having leg ulcers are older than 64 and it is realistic to assume that most of the patients are going by taxi or patient transport to the consultations and it is assumed that cars used are newly produced. The average transport distance to a healthcare facility in Sweden is 25.3 km which will result in a total distance of 50.6 km per consultation.

C. CO2 assessment

In average CO2 emissions of all new petrol and diesel cars in Sweden 2007 was 181 g CO2 per km. Also, LCA data from fuel, material and vehicle production are used. For a normal petrol car 25% of the total CO2 emissions can be added to also include the material and vehicle production. However, taxi cars have longer driving distance per year then a normal petrol car and will result in a lower environmental impact due to the manufacturing phase in a lifecycle perspective. For this reason it is assumed that the CO2 emissions from material and vehicle production are about 8% of the total CO2 emissions from driving. For the production of fuel 11% of the total emissions from driving are added. Compensating the average CO2 emission figure for fuel, material and vehicle production the resulting figure is 216 g CO2/km. 
There are 12 consultations per year that requires personal transport of 12*50.6 km = 607 km per year and patient. This will result in a yearly CO2 emission of 131.2 kg per patient.
3.2 Introducing telemedicine
D. System 

The targeted patient group for the telemedicine service is elderly with leg or foot wounds assisted by homecare nurses. The homecare nurse can capture and transmit digital photographs, videos, sound recordings and text from the patient’s home to a medical doctor in a clinic using a mobile phone, se Figure 2. The medical doctor can view the material and give medical advice to the homecare nurse. The teleconsultation can replace some of the conventional face-to-face consultations. Published studies have shown that at least 50% of the face-to-face consultations can be replaced with maintained medical results and quality of care introducing teleconsultations, i.e. 6 consultations per year can be avoided. 

[image: image2]
Figure 2 Overview of the healthcare process and telemedicine system
It is assumed that the homecare staff already has a mobile phone and that the doctor has a computer with Internet connection. Both the mobile phone and the computer are used for other tasks than for the homecare application for the majority of the time. The energy consumption for the computer and the mobile phone when using the homecare application is negligible compared to the transportation reduction potential.

The consultations are carried out in the same facilities as if it was a regular face-to-face consultation. The teleconsultation is faster and will result in a time gain. This is beneficial for the patients, the finances and the efficiency but does not directly lead to less office floor space if no organizational changes take place to ensure this.  

E. Data collection

The amount of data generated by the homecare application is estimated to be 24 MB/year/patient (12 MB sent and 12 MB received). The total amount of data for one telemedicine consultation between the doctor and the homecare nurse is 2MB. This includes three medical images, text and a one minute voice recording of 1.6MB sent by the homecare nurse to the doctor and one voice message answer from the doctor of 0.4MB. These figures are used when estimating the CO2e emissions associated with the operation of the telemedicine system (PC, and mobile phone) for one homecare patient during one year.  

The average data traffic per mobile subscriber is about 150 MB/year [1], [2] and the average CO2 emissions associated with a mobile phone subscription, about 25 kg/year [3]. The data traffic (24 MB/year) is used to dimension network resources, which are allocated based on data traffic.

The average data traffic per PC is about 50 GB/year ‎[2] and the CO2 emissions associated with an average PC and all network resources and broadband connection requires about 485 kg ‎[4]. The system requires one hour extra PC use time per year and patient. This extra time is used to dimension the CO2 emissions from the use of the PC. The data traffic (24MB/year) is used to dimension other network resources, which are allocated based on data traffic. 

F. CO2 assessment based on LCA method

The assessment builds on extensive LCA studies on mobile communication systems by Ericsson. Every part of the system that is needed to be able to communicate with a mobile phone is included, and the whole life cycle of these parts. 

Table 1 shows the CO2e emissions associated with the use of mobile phone and PC calculated for one patient. The results include the use time (energy consumption) of mobile phones and PCs and the energy consumption of data centers, core network and transmission allocated based on data traffic. For the assessing of the electricity and power production the fuel supply chain is included as well as the manufacturing of power plants and the grid itself, with all the poles and cables. Also, all waste is included with metal recycling on the positive side and end-storage of nuclear waste on the negative side. For more information about the electricity model, see Ericsson contribution (C67).

Table 1 CO2e emissions associated with the operation of the telemedicine system for one homecare patient during one year. Figures are based on mobile phone data transfer (24 MB/year) and PC use (1 h/year) with Swedish average electricity production.

	
	Emissions from use/data 
(Swedish average electricity production)

	Mobile phone
	0.14 kg

	PC
	0.03 kg

	Total:
	0.17 kg


In table 2 the weighted CO2 emissions originating from the manufacturing of phones and PCs and infrastructure (RBS sites, cables, etc.) are presented. 

Table 2  CO2e emissions associated with the manufacturing of the telemedicine system for one homecare patient during one year. Figures are based on mobile phone data transfer (24 MB/year) and PC use (1 h/year) with Swedish average electricity production

	
	Emissions from whole life cycle excluding use/data
(Swedish use)

	Mobile phone
	2.35 kg

	PC
	0.07 kg

	Total:
	2.4 kg


With this telemedicine system at least 50% of the face-to-face consultations can be replaced, i.e. 6 consultations per year can be avoided. However, still 6 consultations will have to take place. This will result in a yearly CO2 emission of 65.6 kg per patient.
3.3 Comparison of original homecare system and telemedicine
A summary of the CO2 emission contributions before and after introducing the telemedicine service is shown in Table 3. The figures are for one average homecare patient with a leg ulcer that requires continuous treatment in the home.
Table 3 Comparison of different CO2 emission components for an average patient before and after introduction of telemedicine service. The data for CO2 emission from energy production is based on production in Sweden. Further it is assumed that both PC and mobile is used for other things than homecare (based on global figures for average use). The figures are in kilogram CO2e/patient/year.

	Process component
	Conventional homecare
	Introducing telemedicine
	Diff.

	Patient transportation including vehicle, fuel and material production
	131.2
	65.6
	-65.6

	Manufacturing of mobile phone
	not applicable
	2.35
	2.35

	Data transfer and overhead CO2 emission for the mobile network
	not applicable
	0.14
	0.14

	Manufacturing of PC
	not applicable
	0.07
	0.07

	Internet data transfer and overhead CO2 emissions form the internet (including application server)
	not applicable
	0.03
	0.03

	Total (kgCO2e/patient/year)
	131.2
	68.2
	-63.0


The CO2 reduction potential when introducing telemedicine in the homecare program is 63 kg CO2e per year for the average patient, which is a decrease of 48 % compared to a conventional homecare process. The CO2 reduction results from cutting the patient transportation. 

5 Conclusions

This paper presents a generic method that can be used to assess a wide range of ICT services (and applications) and to compare them with conventional systems in use today. An application of the method is presented in form of a case study about the introduction of a telemedicine service. This paper proposes that this method can be used for further studies when evaluating potential savings that ICT can bring in other sectors. 
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