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Introduction 

• Decarbonisation agenda in the UK based on large-scale deployment 
of intermittent RES and inflexible nuclear generation 

• Challenges and costs associated with wind intermittency could 
offset a part of emission benefits of low-carbon generation 
 

Objectives: 
• Analyse and quantify the implications of LCTs trialled in LCL (EVs, 

HPs, I&C DSR, dToU) for the carbon emissions of the broader UK 
electricity system 

• Evaluate carbon benefits of smart operation of LCTs 
• Assess system integration benefits of DSR through reducing the 

overall system cost of intermittent RES 
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DSR case studies 

 No. Case 

1 Non-smart 

2 Smart EV 

3 Smart EV / FR 

4 Smart HP 

5 Smart HP / FR 

6 dToU 

7 I&C DSR 

8 Fully smart: balancing 

9 Fully smart: balancing & FR 
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ASUC model 

• Stochastic generation system scheduling taking into account RES uncertainty and impact on inertia 
• Based on rolling planning window 
• Optimises allocation of reserve between different technologies 
• Frequency response requirement driven by inertia of conventional generation 
• DSR models developed in LCL and included in ASUC model, using data from LCL trials 
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Average system emissions and carbon benefits 
of smart demand 
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System integration cost of intermittent RES 

• Whole-System Cost (WSC) of intermittent RES consists of their Levelised 
Cost of Electricity (LCOE) and System Integration Cost (SIC) 

• SIC is defined as additional infrastructure and/or operating costs as a 
result of integrating renewable power generation 

• Benefits of LCT resources trialled in LCL are quantified in terms of 
reduced SIC of RES in 3 categories: 

1. Reduced backup capacity cost (due to reduced peak net demand) 
2. Reduced balancing operating cost (lower cost of system operation 

including more efficient provision of reserve and response and reduced 
RES curtailment) 

3. Reduced investment cost associated with balancing (reduced RES 
curtailment requires that less additional zero- or low-carbon generation 
capacity is built to meet the carbon target) 
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Reduced RES integration cost from 
deployment of smart LCTs 

2030 GW 2050 HR 
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Key findings 

• Carbon benefits of DSR primarily driven by the ability to: 1) 
support more efficient scheduling, and 2) provide 
frequency regulation 

• Carbon savings per unit of smart demand are in the order 
of ~100 g/kWh, but vary depending on DSR flexibility 

• Integration of electrified transport and heating demand is 
significantly less carbon intensive with smart operation 
 

• DSR are capable to support cost-efficient decarbonisation 
of future electricity system by reducing RES integration cost 

• Average RES integration benefits when all smart LCTs 
coexist in the system are £8-11/MWh of RES output; 
marginal benefit is 2-3 times higher than average 



9 

Report D6 
Carbon impact of smart distribution networks 

 
http://innovation.ukpowernetworks.co.uk/innovation/en/Projects/tier-2-

projects/Low-Carbon-London-(LCL)/Project-Documents/LCL Learning Report - 
D6 - Carbon impact of smart distribution networks.pdf  

Marko Aunedi 
Fei Teng 

Goran Strbac 
Imperial College London 

UKPN LCL Industry Day, 9 February 2015 
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DToU Constraint Management  
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Grid Carbon Intensity Today 
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800kW Turndown Event 
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Electric Vehicle Charging Management  
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Cross check against ICL carbon report 
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