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Progress, Plan and Actions 

• Task Start: M18 - End: M40 
• Early start focused on methodology 

 
• Timeplan to September 2014 

– Trial data collection and data gap analysis 
– Definition of scenarios and creation of case studies 
– EU grid initial case studies 
– Create initial set of representative distribution 

networks for member states 
– Run and analysis of distribution network case studies 
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Evaluating the Impact of Fuel Cell Micro CHP on 
Power System 

Generation & 
network planning 

Seasonal 
maintenance 

planning  

Day ahead 
market 

Real time 
system 

balancing 

Time horizon: from long-term investment to real-time operation 

Adequacy Energy 

arbitrage 
Reserve Response 

System Adequacy System Operation  

Years before 

delivery 

Months to days 

before delivery 

One day to one hour 

before delivery 

Physical delivery 

Impact of fuel cell micro CHP 
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System impacts of fuel cell micro CHP 

• Supporting system security 
– Can act as a back-up plant 

– Reduce the need for peaking plant *  

– Support microgrid concept  

• Reduction in operating cost 
– Reduce peak demand and flatten demand profile, allowing higher 

capacity of base load plant 

– Potential providers for balancing services * 

• Reduction of synchronised generators running part loaded 

• May provide network congestion management services at 
transmission and distribution if fully controllable 
– Heat led operation may have negative impact especially at low demand 

(in the early morning) 

* this is likely to increase in future 

 
5 



Imperial College London 

Modelling of EU Grid 
Impact on EU Grid, Operation, and CO2  
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• Modelling the whole 
generation fleet across EU 
• Dynamic parameters 
• Operating cost  
• Carbon prices 

• Diversity in renewables 
profiles 
• Wind 
• Solar 
• Hydro 

• Diversity in load profiles 
• Modelling different types 

of network technologies 
and the associated cost 

• Modelling competing 
technologies (DSR, 
storage, flexible 
generation) 
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DSIM’s integrated optimisation approach for 
generation, and transmission investment problems 

Generation Data: 

technical and cost 

characteristics 

Renewable 

Generation Data:                          

wind, solar, hydro , etc. 

Energy (heat/ 

electrical) Storage 

and Demand 

Response Data 

Load Data 

Transmission  

Network 

Configuration and 

Cost Characteristics 

Dynamic System Investment Model 

Optimisation Model 

Objective function: Minimisation of the overall generation and transmission 

investment cost and generation operating cost 

Investment decisions:  
  - Generation, and transmission network capacities; 

Operating decisions (further assessed in system balancing 

model): 
  - Overall system operation cost; 

  - Generation dispatch including RES and storage 

  - Demand response 

  - Power flows. 
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Future work 
Impact on EU Grid, Operation, and CO2  

• Impact of fuel cell micro CHP on the future European system 
– Year: 2020 , 2030, and 2040 
– Generation and demand backgrounds: ECF 2020-2040 scenario 
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Case studies (for discussion) 
 
1. Value of micro CHP on the EU 

Grid requirement, operating 
costs, and CO2 

2. Sensitivity studies: penetration 
level of CHP, flexibility in terms of 
providing stand-by reserve 
services 

 
Data needed: 
1. Technical characteristics 

(synchronisation time, dynamics) 
2. Cost characteristics 
3. Operating characteristics 

- Heat demand profile 

Source: ECF Power Perspective 2030 
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Structure of Imperial Distribution Network 
Analysis Model 

Domestic and C&I Heat pumps Electric vehicles 

Dynamic Distribution Investment Model 

Thermal, voltage and fault level driven reinforcements 

Alternative reinforcement strategies(inclusive of losses) 

Outputs 

Network upgrade schedule 

Cost profile 

Equipment Utilisation (Risk) 

Value of flexible technologies and services 

Future development scenarios (from 2015 – 2030/40) 

(local and national) 

System operation paradigm 

BaU Smart technologies 

mCHP 

Allocation of demand/generation to distribution sites 
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Illustrative Representative Networks 

Urban system: 
– 5 MVA/km2 

– 20 Substations/km2 

– Range of substations: 200kVA-630kVA 

Rural system: 
o 0.2 MVA/km2 
o 8 Substations/km2 
o Range of substations: 50kVA–200kVA 
 

0.95 km 2.6 km
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Illustrative Demand Profiles 
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Profiles with Heat pumps 

Profiles with mCHP • Electrification of 
heat sector will 
increase demand 

• Application of mCHP 
will reduce net 
demand 
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Reinforcement Cost 
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Uncontrolled Voltage Control 

• Increase of demand drive reinforcement of the 
network which can be avoided by installation of mCHP 

• Application of voltage control on LV network have 
potential to reduce network reinforcement 
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Mitigation Measures 
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QUESTIONS AND COMMENTS 
Thank you 
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