

SA WG2 Temporary Document
Page 1

3GPP TSG-WG SA2 Meeting #160-Ad Hoc-e	S2-24001178
Online, Jan 22 – 29, 2024	(revision of S2-231xxxx)

Source:	Huawei, HiSilicon
Title:	Discussion on the evaluation of renewable energy and Carbon related information (general)
Document for:	Information
[bookmark: _GoBack]Agenda Item:	19.4
Work Item / Release:	FS_EnergySys/ Rel-19
Abstract: The papers discuss the factors of evaluating the renewable energy and the factors of evaluating the carbon emissions.
1. Introduction
[bookmark: definitions][bookmark: _Toc519004414]The KI#1 currently includes the issue on how and what energy related information is obtained, in case that this will be addressed in a different LI, the fact that this is an essential issue to be studied is essential 
-	How and what network energy related information from the Network entities (i.e. RAN nodes, 5GC NFs) can be obtained in order to support network energy related information exposure.
This paper proposes consideration on the renewable and Carbon emission measurement and architecture assumptions. 
2. Discussion on renewable energy
2.1	How renewable is determined 
[bookmark: _Toc500949098][bookmark: _Toc92875661][bookmark: _Toc93070685][bookmark: _Toc148441677][bookmark: _Toc145928701]The first aspect to be considered is the definition of renewable energy, there are several definitions with some difference due to the regulation implications, the sector of applicability and economic implications; The main definitions considered are from IPCC, EU directive, USA government, but this are only a limited list of available terms, anyway they have a common base:
From The Intergovernmental Panel on Climate Change (IPCC)[1], The Renewable energy is defined as any form of energy from solar, geophysical or biological sources that is replenished by natural processes at a rate that equals or exceeds its rate of use. Renewable energy is obtained from the continuing or repetitive flows of energy occurring in the natural environment and includes resources such as biomass, solar energy, geothermal heat, hydropower, tide and waves, ocean thermal energy and wind energy.
In UE directive, “energy from renewable sources’ or ‘renewable energy’ means energy from renewable non-fossil sources, namely wind, solar (solar thermal and solar photovoltaic) and geothermal energy, ambient energy, tide, wave and other ocean energy, hydropower, biomass, landfill gas, sewage treatment plant gas, and biogas.
Note that in 3GPP TS 22.261 [2], in the term used has a similar meaning even if there is not a formal definition 
Renewable energy definition from Office of Energy efficiency & Renewable Energy (USA) [3] is defined as the energy produced from sources like the sun and wind that are naturally replenished and do not run out. Renewable energy can be used for electricity generation, space and water heating and cooling, and transportation. Non-renewable energy, in contrast, comes from finite sources that could get used up, such as fossil fuels like coal and oil. 
Proposal #1: it is proposed to add the definition of Renewable energy for UE directive as
“renewable energy’ means energy from renewable non-fossil sources, namely wind, solar (solar thermal and solar photovoltaic) and geothermal energy, ambient energy, tide, wave and other ocean energy, hydropower, biomass, landfill gas, sewage treatment plant gas, and biogas”
2.2	How to distinguish the renewable energy from the non-renewable one
2.2.1	Principles of the electricity market
[bookmark: _Hlk149839986]At this stage it is important to clarify how the electricity is provided to operator’s sites and how the renewable energy can be distinguished from the non-renewable. For such analysis we need to consider how the electricity production and market work. For reference we refer to the European electricity market, since it covers several countries, but generally speaking each countries may then have their own regulation following similar principles. The principles of the electricity market are listed below, an example of description is in [4] and [5]:
· The electricity market is based on national regulation or to regional regulation (e.g. in EU). 
· [bookmark: _Hlk149840036]The production needs to match the consumption, the only way to store electricity in great scale is to store in hydroelectricity power plant, i.e. pumping up water to water basin.  
· The power supplier and the power producer may be separate entities depending by regional and national regulation, such as in Europe even if some company play both roles.
· The power electricity is sold in MWh for a slot of 1 hour or 15 minutes depending by the regulation and the market. 
· Power supplier, i.e. the company selling the electricity to final consumers (both corporate and house holder),  usually buy energy to re-sell as follow: 
-  Over-the-counter (OTC) contract: this are direct contracts with the electricity producers for a given mount delivered in given time in future, for example for the delivery of Y MWh of electricity in the hour between 12:00 and 13:00 the day Z which can be a day up to 5 years in future.
-  Future market: to buy an amount of electricity (MWh) on the electricity market with a delivery in future time up to 6 years. The difference with the OTC contract is that the seller release the order on the market and any seller can match the order (as in stock exchange market)
-  day-ahead and intraday markets: to buy an amount of electricity (MWh) with a delivery the day ahead per slot of 15 minutes/1h (depending by regional/national market. 
-  Intraday market: to buy an amount of electricity (MWh) with a delivery a given time (EU spot market for delivery 5 minutes/30 minutes ahead for 15min/ 30min contract).
-  The future, day-head and intraday market take place on regulated trade market, e.g. for EU on EPEXSpot market (https://www.epexspot.com/en).
-  The spot market consists of the day-ahead and intraday market. 
2.2.2	Plan of the electricity production and contracts
[bookmark: _Hlk149840300]The production plan for the overall country is tuned the day for the day-ahead, for example in EU after the end of Spot market at 12:00, the afternoon is used to plan by each power producer to decide energy mix needs to be switch on and for when, considering its contract (OTC, future and spot), the weather forecast (for solar, wind, tide) and the cost/price. Usually the plan is supervised by a National Regulatory entity. The plan is based on giving priority to Lower-priced generation power plan, i.e. which production power plant produces the electricity is determined by merit order in auctions. The merit order refers to the listing of installations by the increasing price which they have specified to national administration (i.e. the price per MWh declared) plus the are willing to generate electricity for (for example considering the availability of the installation based on maintenance plan and any other criteria that the owner of the power plan may consider). 
These prices typically reflect the costs of generation for the installation. Strictly speaking, this is the marginal costs, i.e. the costs required to generate another electricity unit, which vary depending on the type of installation. Renewable plan (Run-of-river plants, solar and wind power plants) are the most economical, since they have nearly exclusively investment costs and only very low marginal costs (the water is flowing in the river, the sun is shining or the wind is blowing). By contrast, conventional power plants have higher marginal costs just because of the fuel they use (oil, gas, carbon which has a higher cost and also that is can change based on market condition, e.g. gas price and oil price are influence by demand beyond the electricity production). They come into play when water, wind and sun alone are not sufficient to meet electricity needs. 
Among power plants with higher marginal costs, too, those which produce more cheaply have priority (for example for a given level of gas and oil price the higher priority, i.e. with lower marginal cost may be the power using gas in a given period of time, while in other the oil depending by fuel prices). The price of electricity sell to power suppliers which provide to final customer is fixed after that the overall production plan has been fixed and the cost is equal to the cost of power plan having the higher marginal cost that needs to be used to reach the demand in order to be high enough for this installation to be operated economically and it is good for the other producers, because they get the same price and thus a higher rate of return.
[bookmark: _Hlk149840414]For all above reason the daily electricity production looks like those shown in Figure 2.2.1-1 for France which come from RTE (RTE is the French government company responsible for the power grid, https://www.rte-france.com/eco2mix/la-production-delectricite-par-filiere). Other countries have similar information available in real time or for a given period in past. 
For what is important for our scope is to see that the mix of energy sources change per 15 minutes base and the mix may be different each day and the amount of renewable vs non-renewable cannot be determined in advance, it is known at country base and each day may be different. Furthermore, for each country the mix may be different, see the example of Germany from [5] shown in figure 2.2.1-2 compared to France.
[image: ]
Figure 2.2.1-1: Electricity production the 25 October 2023 in France (source [6])

[image: ]
Figure 2.2.1-2: Electricity production the 23 October 2023 in Germany (source [5])
For the country part of the EU community, every year they need to provide information on the amount of renewable used for electricity power production. The information is available in [7] and the current information available are shown in figure 2.2.1-3.

[image: ]
Figure 2.2.1-3: Renewable source per EU country [7])

[bookmark: _Hlk149840648]Conclusion #1: The amount of renewable energy used as source for electricity production may be known at country level from National Regulatory sources, and it may be assumed that the ratio is the same for all eletricity power supplier. 
2.3	Renewables power purchase
[bookmark: _Hlk149840623]Considering the electricity market above describe, a consumer of electricity can be guarantee to have a given amount of electricity produced by renewable sources with direct contract with power supplier. This contract is called in Europe “renewables power purchase agreement” (see [8]) which are a “contracts under which a natural or legal person agrees to purchase renewable electricity directly from an electricity producer” in EU this is guarantee by the Directive [8] in article 19 “Guarantees of origin for energy from renewable sources”. For other country each National Regulation can determine the regulation framework. In ITU-T L.1450 these contracts are called as green certificate, or renewable energy certificate or renewable obligation certificate, which are tradable asset proving that electricity has been generated by a renewable energy source. A green certificate is often issued per 1 MWh of renewable power.
Conclusion #2: An Operator can be guaranteed that a given amount of electricity (i..e MWh) is generated by renewable source via direct contract with the power supplier depending by Regional and Nation regulation.
[bookmark: _Hlk149840675]The Operator has as alternative option to directly deploy renewable energy source of a site, for example via solar panel installed in the site which provides the renewable energy directly. 
Conclusion #3: An Operator may to directly deploy renewable energy source of a site.
2.4	How Renewable energy is related to 3GPP study
In ETSI the Renewable aspect for ICT are specified in EN 305 200 series [9] where for example EN 305 200-2-1 [10] refers specifically to ICT site (the definition of ITC site refer s to ISO/IEC 30134 [i.18] series and CENELEC EN 50600 series) including all infrastructure and facilities, such as Power distribution, environmental control, security, etc. and the ICT equipment. In this scenario the energy consumption is composed by both renewable and not renewable energy at input, but also the consider the output energy which is re-used.
3	Discussion on Carbon emission related information 
3.1	How many carbon’s terms exists?
3.1.1	Carbon emission
In ITU-T L-series [1] recommendation the Carbon emission for an organization is associate to the different scope, in ITU-T L.1450 they are defined as follow:
-	Scope 1 emission: Greenhouse gas (GHG) emission from sources owned or controlled by an organization.
-	Scope 2 emission: On site greenhouse gas (GHG) emission from the generation of electricity, heat or steam that has been purchased by the reporting organization.
-	Scope 3 emission: Any other indirect greenhouse gas (GHG) emissions from sources that are located along the reporting organization's value chain.
3.1.2	Carbon footprint
The carbon emission and the carbon footprint do not represent the same concept and scope even if they are clearly related:
-	Carbon emission is the emission of CO2 from the production of a product or for example from production of the electric power or from burning gasoline in case of transport.
-	The carbon footprint includes the emission from the whole life cycle, i.e. including the production phase from the mining, transport of minerals, all transformation and production phase, the usage phase where in case of ICT related mainly to the emission due to the electricity use for the usage and the end of life cycle for managing the waste process.
It should be noted that the carbon emission is a contribution to the Carbon footprint due to the usage operation of the ICT equipment.
3.1.3	Carbon intensity
The 3rd term is Carbon Intensity which represents the Carbon emission for unity of performance, for example in case of production of electric energy is Greenhouse gas emission intensity (g CO2e/kWh) calculated as the ratio of CO2e emissions from public electricity production (as a share of CO2 equivalent emissions from public electricity and heat production related to electricity production), and electricity production per unit of kWh. In contrast ITU-T L.1333 [2] network carbon intensity as the radio between the GHG emission due to electricity consumption of all equipment of all sites of a network during normal operation and the total amount of volume traffic handled in the period. 
3.1.4	Carbon dioxide and carbon dioxide equivalent
A second set of terms are Carbon Dioxide (CO2) and carbon dioxide equivalent (CO2e). The carbon dioxide equivalent includes greenhouse gases besides CO2, i.e. methane, ozone, water vapor, nitrous oxides and fluorinated gases such as hydrofluorocarbons and chlorofluorocarbons, for example, carbon dioxide scores 1 (as a benchmark), methane would have a score of 25, nitrous oxide would have a score of 298 and some gases would score exponentially higher. For such reason, the CO2e which consider the contributions of other gases is used as a more accurate measurement. 
3.2	Evaluation of carbon emission of ICT network 
The Carbon emission of ICT network due to electricity generation (ECO2) is evaluated from the multiplication of EC per the Carbon intensity of electricity also called Emission Factor EF. According to ITU-T L.1333 [2], definition of the total emission can be evaluated as Energy consumption multiplied Emission Factor (also called Carbon Intensity) representing the mass of carbon emitted per kWh of electricity (kg CO2e/kWh), i.e.:

In order to consider different contributors of energy sources, the carbon emission may be further calculated as the sum of contributors, if available, as 

Where:
EC1 is the consumption of electricity produced locally
EF1 is the Emission Factor for the electricity sourced used locally 
EC2 is the consumption of local renewable energy
EF2 is the Emission Factor for the local renewable energy 
ECj is the consumption of main power renewable energy for source j
EFj is the Emission Factor main power renewable energy for source j 
ECn is the consumption of non-renewable energy 
EFn is the Emission Factor of non-renewable energy 
The Emission Factor (or carbon intensity) is a parameter that can be obtained as a value considering the overall electricity production in a given country considering the mix of energy sources that has been used over a period of 1 year. This information may be available from different sources, for example within the EU community the Carbon intensity (EF) [3] is shown in figure 2.2-1. The number are based on the mix of energy, therefore is the EF derived from that number, the ratio of renewable and non-renewable energy shall not be used since it is already implicitly included. 
The EF can also be considered as the average carbon intensity for the combination of energy source used to generate the energy. 
[image: ]
Figure 2.2-1: GHG emission intensity of electricity generation in EU country (source [3])
If the evaluation is based considering the different energy sources, since they are known more in detail, the EF factor per each source needs to be considered. The EF factor is not worldwide unique since it take into account the kind of electricity power plan which is installed in each country, an example is reported in table 2.2-1 from the French RTE (https://www.rte-france.com/en/eco2mix/co2-emissions)  
Table 2.2-1 The contribution to CO2 emissions (source France RTE [x]).
	The contribution to C02 emissions:
	source

	0.986 t CO2 eq/MWh 
	coal-fired plants

	0.777 t CO2 eq /MWh 
	oil-fired plants

	0.486 t CO2 eq /MWh 
	gas-turbine plants

	0.352 t CO2 eq /MWh 
	co-generation & combined-cycle plant

	0.583 t CO2 eq /MWh 
	other gas-fired plants


The Contribution of CO2 emission needs also be carefully considered since it may be limited to the production or includes also the life cycle contribution of the power plan, therefore the Carbon emission is also for the renewable energy, an example is reported in figure 2.2-2 from IPCC. From SA2 perspective, the point is that a figure exists as average per energy source, and that actual value cam be different.
[image: average lifcycle carbon dioxide emissions for different electricity generators]Figure 2.2-2 Average life-cycle CO2 equivalent emissions (source [4])

3. Conclusions and proposals
3.1 Conclusion and proposal on renewable energy
Considering the above aspects , it can be concluded that:
· The ratio between renewable and non-renewable is available at country level and it is evaluated as average over a given period of time. This information depends by National regulation. In some country this information is available with a granularity of 15 minutes (for example via web pages or via data to be downloaded). This information is the same for the whole country. 
· The guarantee on renewable energy provided to a PLMN is only based by directly contract with power supplier or via direct installation at a specific site.
· The granularity of ratio between renewable and non-renewable in term of location and period of time may be quite broad from a single number per country and year granularity to a value for specific site where the electric power is provided via local renewable energy installation, if know by operator.
· The evaluation of ratio between renewable and non-renewable requires a knowledge of deployment, contract information, regulation aspects, etc which are not in the SA2 perimeter. Therefore, whether this information would be available in 3GPP requires the coordination with SA5.
Therefore it is proposed to send an LS to SA5 for asking whether SA5 can provide the information regarding Renewable energy and with granularity in term of time and NF.

3.2 Conclusion and proposal on carbon related information
Considering the above, it can be concluded that:
· The carbon emission and carbon footprint are different concepts and we need to pay attention to which is used.
· The carbon emission of mobile network considers only the emission due to the energy consumption for the usage of the network. The Carbon emission contribution due to the electricity consumption can be related to the Carbon footprint of the electricity, which includes the contribution of the production of the electricity (i.e. only the contribution of the fuel used to produce the electricity) and the life cycle of the power plant. 
· The carbon footprint of ICT as defined by ITU T series considers the whole life cycle of the network, e.g. the contribution of building the site (material, transport of material, cement, etc.) the equipment (production of equipment including the contribution of mine, material transportation and transformation, transport, production, etc.), the end of life cycle. 
· The several methodologies are present in literature, normative (e.g. in ISO, ITU) and in regulation to evaluate the carbon emission and the carbon footprint of ICT, for example in ITU the carbon footprint of data center, site, transport network, mobile network, etc. 
· The methodology may be associated to EC or to other elements which are outside the SA2 perimeters and all of them are in generally “evaluation” and not real-time data. Therefore, whether this information would be available in 3GPP requires the study by SA5. 
In this release of the study, only focus on the Carbon emission aspect directly related to the Energy Consumption contribution and not consider the Carbon Footprint evaluation since it is related to the overal life cycle of equipment, site, etc.
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To reduce EU net greenhouse gases by 55% by 2030 (compared with 1990) and reach carbon
neutrality by 2050, electricity generation across the EU needs to decarbonise faster. Figure 1

visualises indicative intensity levels that would be consistent with the EU’s climate targets. Today's
geopolitical context calls for faster decarbonisation to replace gas and coal in power generation,
heating and industry. This would substantially reduce electricity prices and improve energy security. To
make that happen, additional policies and measures are needed to save energy, significantly improve
resource efficiency, step up renewable generation and ensure the optimised and secure use of
electricity infrastructures and markets across the European Union.

Figure 2. Greenhouse gas emission intensity of electricity
generation

B O B o @

The GHG intensity of electricity production differs significantly from one Member State to another. In
2021, Poland, Estonia, Cyprus and Bulgaria had the highest electricity generation carbon intensity in
the EU. This was the result of using solid fossil fuels and having relatively few renewables and limited,
or no, nuclear plants in their national electricity mixes. In six additional Member States, the carbon
intensity was higher than the EU average (Czechia, Greece, Malta, Germany, the Netherlands and
Ireland). The GHG intensities for electricity production were lowest in Sweden, Luxembourg and
France, because of their high share of low-carbon electricity sources (nuclear and renewable power).

Regarding national achievements, the highest rates of decarbonisation in electricity production over
the 1990-2021 period were recorded in Luxembourg (89% decrease), Denmark (82%), Malta (78%) and
Slovakia (76%). In non-EU EEA countries, all electricity produced in Iceland and most produced in
Norway comes from renewable sources, and hence, their GHG emission intensities are very low.
Tirkiye has a relatively high GHG emission intensity of electricity generation.

A Supporting information

Definition

The CO, emission intensity is calculated as the ratio of CO, emissions from electricity generation
and gross electricity generation.

Methodology

The GHG intensity of total electricity generation is taken as the ratio of CO, equivalent emissions
from all electricity production (both from main activity producers and auto-producers) to total
electricity generation, including electricity from nuclear plants and renewable sources.

For main activity producers, the CO,e emissions from electricity generation only (i.e. excluding °
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