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24 November 2025 

Dear requester 

Request for Information 

Thank you for your request for information which we received on 27 October 2025.   Your request 
has been considered under the Environmental Information Regulations 2004 (EIR) as the 
requested information meets the definition of ‘environmental information’ provided at Regulation 
2(1) of the EIR.  

Request 

You asked us: 

... we need a concise clarification of the basis of the API’s intensity values and the size of the 
overall adjustment from generated to delivered/final-use electricity.  Please provide: 

• Basis. 
- Whether the API’s gCO₂/kWh values are expressed on a delivered/final-consumption 

basis or a generated basis. 
• The total "generated -> delivered" adjustment: full historical series. 

- The net percentage or multiplier used to convert generated electricity to 
delivered/final-use electricity in the API calculation, provided as a historical time 
series for all dates you hold (e.g., monthly national values, and per region/zone if 
available).  Please include any temporal variation (monthly/annual) and 
regional/zone variation if held.  CSV or JSON would be preferred; links to existing 
published tables would also be fine. 
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Our response 

We can confirm we hold recorded information in scope of your request. 

A detailed description of the Carbon Intensity API Methodology, including the calculation used for 
GB’s carbon intensity and explanation that the carbon intensity is corrected to account for 
transmission losses, is available from the website: Carbon Intensity.  Copies of the national and 
regional methodologies are also provided alongside this response. 

NESO does not hold recorded information on an historical time series of the net percentage or 
multiplier used to convert generated electricity to delivered/final-use electricity in the API 
calculation.  

The exception at regulation 12(4)(a) of the EIR allows us to refuse a request or parts of a request 
where we do not hold the information at the time when a request is received. We are not required 
to create new information in order to respond to an EIR request. All EIR exceptions are subject to 
public interest test (PIT) however the Information Commissioner’s Office (ICO) recognises that it is 
not possible to carry out a meaningful PIT where information is not held. 

NESO’s Open Data Portal provides access to several carbon intensity datasets, including GB 
historic generation mix, and historic carbon intensity forecasts at national, country (Scotland, 
England, Wales) and regional level: Data search | National Energy System Operator.   

Next steps   

If you are dissatisfied with our handling of your request, you can ask us to review our response. If 
you want us to carry out a review, please let us know within 40 working days and quote the 
reference number at the top of this letter. You can find our procedure here: Freedom of 
Information and Environmental Information Regulations | National Energy System Operator. The 
ICO’s website also provides guidance on the internal review process: What to do if you are 
dissatisfied with the response | ICO.  

If you are still dissatisfied after our internal review, you can complain to the Information 
Commissioner’s Office (ICO). You should make complaints to the ICO within six weeks of receiving 
the outcome of an internal review. The easiest way to lodge a complaint is through their website: 
www.ico.org.uk/foicomplaints. Alternatively, they can be contacted at: Wycliffe House, Water Lane, 
Wilmslow, SK9 5AF.  

Thank you for your interest in the work of the National Energy System Operator (NESO). 

Regards,  

The Information Rights Team, National Energy System Operator (NESO) 

 

https://www.carbonintensity.org.uk/
https://www.neso.energy/search-data?f%5B0%5D=organization%3A48371
https://www.neso.energy/corporate-information/freedom-information-and-environmental-information-regulations
https://www.neso.energy/corporate-information/freedom-information-and-environmental-information-regulations
https://ico.org.uk/for-the-public/official-information/what-to-do-if-you-are-dissatisfied-with-the-response/
https://ico.org.uk/for-the-public/official-information/what-to-do-if-you-are-dissatisfied-with-the-response/
https://www.ico.org.uk/foicomplaints
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National Energy System Operator (NESO), in partnership with Environmental Defense 

Fund Europe and WWF, has developed a series of Regional Carbon Intensity forecasts for 

the GB electricity system, with weather data provided by the Met Office. 

Introduction 

NESO’s Carbon Intensity API provides an 

indicative trend of carbon intensity for the electrical 

grid of Great Britain up to 48 hours ahead of real-

time [1]. It provides programmatic and timely 

access to forecast carbon intensity. This report 

details the methodology behind the regional 

carbon intensity estimates. For more information 

about the Carbon Intensity API see here. 

What’s included in the forecast 

The Regional Carbon Intensity forecasts include 

CO2 emissions related to electricity generation 

only. The forecasts include CO2 emissions from all 

large metered power stations, interconnector 

imports, transmission and distribution losses, and 

accounts for national electricity demand, and both 

regional embedded wind and solar generation. 

While we recognise upstream emissions and 

indirect land use change impacts and other GHG 

emissions are important, it is only CO2 emissions 

related to electricity generation that are included in 

the forecast. This work does not consider the CO2 

emissions of unmetered and embedded 

generators for which NESO does not have visibility 

of. 

Methodology 

The Carbon Intensity forecast is particularly 

sensitive to short-term forecast errors in demand, 

wind and solar generation, as this impacts the 

amount of dispatchable generation that is required 

to meet demand. 

The forecast also makes use of historic generation 

data to make predictions about future generation, 

which invariably changes per system conditions. It 

is therefore important to note that these forecasts 

are likely to be less accurate than forecasts such 

as electricity demand, since it includes the 

confluence of uncertainties from demand, wind, 

solar, and CO2 emissions by fuel type. 

Estimated carbon intensity data is provided at the 

end of each half hour settlement period. Forecast 

carbon intensity is provided 48 hours ahead of 

real-time for each half hour settlement period and 

uses NESO’s latest forecasts for national demand, 

wind and solar generation. 

The GB carbon intensity 𝐶𝑡 at time 𝑡 is found by 

weighting the carbon intensity 𝑐𝑔 for fuel type 𝑔 by 

the generation 𝑃𝑔,𝑡 of that fuel type. This is then 

divided by national demand 𝐷𝑡 to give the carbon 

intensity for GB: 

 

𝐶𝑡 =  
∑ 𝑃𝑔,𝑡  × 𝐶𝑔 𝐺

𝑔=1

𝐷𝑡

 

 

The carbon intensity is then corrected to account 

for transmission losses to give the intensity of 

Carbon Intensity 
Forecast Methodology 

 

https://carbon-intensity.github.io/api-definitions/#carbon-intensity-api-v2-0-0
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consumption [3]. Table 1 shows the peer-reviewed 

carbon intensity factors of GB fuel types used in 

this methodology. Carbon intensity factors are 

based on the output-weight average efficiency of 

generation in GB and DUKES CO2 emission 

factors for fuels [4]. 

Interconnector carbon intensity factors 

Daily at 6am, the average generation mix of each 

network the GB grid is connected to through 

interconnectors is collected for the previous 24 

hours through the ENTSO-E Transparency 

Platform API [6].  

The factors from Table 1 are applied to each 

technology type for each import generation mix to 

calculate the import carbon intensity factors. If the 

ENTSO-E API is down, the import carbon factors 

default to those listed in Table 1.  

Fuel Type Carbon Intensity 

gCO2/kWh 

Biomassi 120 

Coal 937 

Gas (Combined Cycle) 394 

Gas (Open Cycle) 651 

Hydro 0 

Nuclear 0 

Oil 935 

Other 300 

Solar 0 

Wind 0 

Pumped Storage 0 

French Imports ~ 53 

Dutch Imports ~ 474 

Belgium Imports ~ 179 

Irish Imports ~ 458 

 

The estimated carbon intensity uses metered data 

for each fuel type, which is also available from 

ELEXON via the Balancing Mechanism Reporting 

Service, and includes fuel types such as metered 

wind, nuclear, combined cycle gas turbines, coal 

etc. Estimated data is used for embedded wind 

and solar generation.  

Weather data, such as wind speeds and solar 

radiation, are procured separately by NESO and 

so are not publicly available. A rolling-window 

linear regression for each fuel type is performed 

and used with forecast demand, wind, and solar 

data to estimate forecast carbon intensity. 

An index for carbon intensity has been developed 

to illustrate times when the carbon intensity of GB 

system is high/low. Table 2 (overleaf) shows the 

numerical bands for the Carbon Intensity index. 

Table 2: Numerical bands for the Carbon Intensity 

Index. Carbon Intensity values are given in 

gCO2/kWh: 

 

Limitations 

There are several limitations with this 

methodology. This approach does not use 

Physical Notifications (PNs) of Balancing 

Mechanism (BM) units in the forecast. This is to 

ensure that the commercial sensitivities 

surrounding the balancing market are maintained. 

This means that only historic data is used in the 

analysis, limiting forecast accuracy. Finally, this 

work does not consider the emissions of 

embedded generation of which NESO does not 

have visibility. Future work will look at estimating 

these contributions to GB carbon intensity. 

Contact 

For any suggestions, comments or queries please 

contact: lyndon.ruff@nationalgrideso.com 
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i Using ‘consumption-based’ accounting, the carbon intensity attributable to biomass electricity is reported to be 120 ± 120 gCO2/kWh [2]. 

The large uncertainty relates to the complex nature of biomass supply chains and the difficulty in quantifying non-biogenic emissions.  

http://www.gridcarbon.uk/
https://www.sciencedirect.com/science/article/pii/S0301421516307017?via%3Dihub
http://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
http://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
https://www.bmreports.com/bmrs/?q=generation/
https://transparency.entsoe.eu/
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National Energy System Operator (NESO), in partnership with Environmental Defense 

Fund Europe and WWF, has developed a series of Regional Carbon Intensity forecasts for 

the GB electricity system, with weather data provided by the Met Office. 

Introduction 

NESO’s Carbon Intensity API has been extended 

to include forecasts for 17 geographical regions of 

the GB electricity system up to 48 hours ahead of 

real-time [1]. It provides programmatic and timely 

access to forecast carbon intensity. This report 

details the methodology behind the regional 

carbon intensity estimates. For more information 

about the Carbon Intensity API see here. 

What’s included in the forecast 

The Regional Carbon Intensity forecasts include 

CO2 emissions related to electricity generation 

only. The forecasts include CO2 emissions from all 

large metered power stations, interconnector 

imports, transmission and distribution losses, and 

accounts for regional electricity demand, and both 

regional embedded wind and solar generation.  

This approach considers the carbon intensity of 

electricity consumed in each region and uses peer 

reviewed carbon intensity factors of GB fuel types 

[2][3]. The carbon intensity factors used in this 

data service are based on the output-weighted 

average efficiency of generation in GB and 

DUKES CO2 emission factors for fuels [4]. GB 

regions are divided according to Distribution 

Network Operator (DNO) boundaries, see Figure 

1. 

 

 

Carbon Intensity 
Regional Forecast Methodology 

 

Figure 1: GB Regions and IDs for the API. 
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Methodology 

A reduced GB network model is used to calculate 

the CO2transfers between importing/exporting 

regions, which takes into account the impedance 

characteristics of the network, constraints, and 

system losses. See Figure 2. 

Estimating the carbon intensity of the electricity 

consumed in each region requires modelling the 

power flows between importing/exporting regions 

and the carbon intensity of those power flows. The 

estimated regional carbon intensity of generation 

uses metered data for each fuel type. 

Step 1: Forecasting ahead 

The demand (𝑃𝑖
𝑑𝑒𝑚), generation (𝑃𝑖

𝑔𝑒𝑛
), and 

generation by fuel type for each region is forecast 

two days ahead at 30-min temporal resolution 

using an ensemble of state-of-the-art supervised 

Machine Learning (ML) algorithms. The forecasts 

are updated every 30 mins using a nowcasting 

technique to adjust the forecasts a short period 

ahead. 

Step 2: Calculating the generation and CO2 

emissions at each node 

The GB power system is divided into regions and 

represented as an N-bus network connected by 

lines. The power generation at bus is the sum of 

the generation in that region: 

𝑃𝑖
𝑔𝑒𝑛

= ∑ 𝑃𝑖,𝑔
𝑔𝑒𝑛

𝐺

𝑔=1

 

The CO2 emissions of each generator is estimated 

to calculate the CO2 emissions from generation in 

each region:  

𝐸𝑖
𝑔𝑒𝑛

= ∑ 𝑃𝑖,𝑔
𝑔𝑒𝑛

𝐺

𝑔=1

× 𝑐𝑔 

Where 𝑐𝑔is the carbon intensity of generator’s fuel 

type, see Table 1. Then, the carbon intensity of 

generation 𝐶𝑖
𝑔𝑒𝑛

 is calculated at each node:  

𝐶𝑖
𝑔𝑒𝑛

=
𝐸𝑖

𝑔𝑒𝑛

𝑃𝑖
𝑔𝑒𝑛 

Step 3: Calculate power imbalance between 

exporting and importing regions 

The power imbalance 𝑃𝑖 at bus 𝑖 is calculated by 

subtracting the regional power generation 𝑃𝑖
𝑔𝑒𝑛

 

from the regional power demand 𝑃𝑖
𝑑𝑒𝑚: 

𝑃𝑖 = 𝑃𝑖
𝑔𝑒𝑛

− 𝑃𝑖
𝑑𝑒𝑚 

A region is exporting power if 𝑃𝑖 > 0 and importing 

power if 𝑃𝑖 < 0. 

Step 4: Three-phase Newton Raphson AC power 

flow 

A network of 𝑁 buses and 𝐿 lines is described by 

an 𝐿 × 𝑁 incidence matrix 𝐴, such that 𝐴𝑙,𝑖 = −1 if 

line 𝑙 ends at bus 𝑖, 𝐴𝑙,𝑗 = −1 if line 𝑙 ends at bus 𝑗, 

and 𝐴𝑙,𝑘 = 0 if 𝑘 ≠ 𝑖 ≠ 𝑗. The power equations for 

the AC power flow in polar form are: 

𝑃𝑖 = |𝑉𝑖| ∑|𝑉𝑗|

𝑁

𝑗=1

|𝑌𝑖𝑗| cos(𝛿𝑖 − 𝛿𝑗 − 𝜃𝑖𝑗) 

𝑄𝑖 = |𝑉𝑖| ∑|𝑉𝑗|

𝑁

𝑗=1

|𝑌𝑖𝑗| sin(𝛿𝑖 − 𝛿𝑗 − 𝜃𝑖𝑗) 

Figure 2: Electrical representation of reduced GB network. 
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Where |𝑌𝑖𝑗| is the admittance, |𝑉𝑖| and |𝑉𝑗| are the 

bus voltages, 𝛿𝑖 and 𝛿𝑗 are the phase angles at 

buses 𝑖 and 𝑗 respectively. 

A three phase Newton Raphson iteration is 

performed to calculate the active and reactive 

power flows between buses 𝑖 and 𝑗. 

Step 5: Calculate the carbon intensity of power 

flows 

Once the inter-regional power flows have been 

determined from the power flow analysis, it is 

possible to calculate the carbon intensity of power 

flows through every line. 

The carbon intensity of power flows through lines 𝐿 

between 𝑁 buses is represented as a matrix, 

where the carbon intensity of power flowing out of 

a bus is equal to the weighted average of the 

carbon intensity of power flowing into that bus.  

Step 6: Calculate the carbon intensity of power 

consumed in each region 

It is then possible to calculate the carbon intensity 

of electricity in each region. If the region is 

exporting power, then that region consumes 

electricity equal to its carbon intensity of 

generation. If the region is importing power, then 

the carbon intensity of the power that it consumes 

is equal to the weighted sum of its regional 

generation plus the power flow from the lines it is 

importing from.  

Limitations 

This work does not include any commercially 

sensitive market information about generator 

positions, outages, or price data. The forecasts 

only consider historic generation data and forecast 

weather data.  

This work does not consider the CO2 emissions of 

embedded generators that NESO does not have 

visibility of or access to metered data. Future work 

will look at estimate the contributions of these 

embedded generators to regional and national 

carbon intensity. 

Interconnector carbon intensity factors 

Daily at 6am, the average generation mix of each 

network the GB grid is connected to through 

interconnectors is collected for the previous 24 

hours through the ENTSO-E Transparency 

Platform API [6].  

The factors from Table 1 are applied to each 

technology type for each import generation mix to 

calculate the import carbon intensity factors. If the 

ENTSO-E API is down, the import carbon factors 

default to those listed in Table 1.  

Fuel Type Carbon Intensity 

gCO2/kWh 

Biomassi 120 

Coal 937 

Gas (Combined Cycle) 394 

Gas (Open Cycle) 651 

Hydro 0 

Nuclear 0 

Oil 935 

Other 300 

Solar 0 

Wind 0 

Pumped Storage 0 

French Imports ~ 53 

Dutch Imports ~ 474 

Belgium Imports ~ 179 

Irish Imports ~ 458 

 

Contact 

For any suggestions, comments or queries please 

contact: lyndon.ruff@nationalgrideso.com  
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i Using ‘consumption-based’ accounting, the carbon intensity attributable to biomass electricity is reported to be 120 ± 120 gCO2/kWh [2]. 

The large uncertainty relates to the complex nature of biomass supply chains and the difficulty in quantifying non-biogenic emissions.  

http://www.gov.uk/government/collections/digest-of-uk-energy-statistics-dukes
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