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Political environment : Subsection plain Upper/lower case

Reliable electricity supply with low carbon technology has high political priority

UK electricity consumption
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• Electricity consumption continues to rise

• Supply reliability falls

• Awareness of global warming drives green house gas emissions reduction 
policies

• UK Government Energy White paper:

– 10% reduction in CO2 emissions by 2010, 60% by 2050

– 10% of electricity produced by renewable sources by 2010 

– 10 GWe installed good quality CHP systems by 2010



Current Electricity supply situation: Subsection plain Upper/lower case

The electricity supply chain in the UK delivers only around  37% of the 
primary energy input as electricity to the end user the rest is wasted 

37% electrical energy delivered

3% transmission losses

60% lost as
waste heat



Power generation system : status quo

Utilities have very little ability to influence short term consumption behaviour, 
to reflect real cost of electricity 

Utility company

Scheduled generation:

• time/load prediction based 
purchase from large 
generators 

• load fluctuations have to be 
covered by wasteful spinning 
capacity

• large electricity purchase 
price variations

• consumption behaviour of only few large consumers can be 
influenced on an hourly basis 

Household consumption:

• constant price

• quarterly billing



Prices at Amsterdam Power Exchange 2003

0
100
200
300
400

Mon Tue Wed Thu Fri Sat Sunp
ri

ce
 [E

u
ro

/M
W

h
] Week 26 (Eur/MWh) Week 25

Power generation system : status quo

The cost of electricity shows huge fluctuations
Scheduled generation in large plants:

• time/load prediction based purchase from large generators 
long/medium/short term contracts

• unpredicted short load variation have to be covered by wasteful spinning 
capacity or purchase of external capacity at the electricity spot market



Why is Micro CHP an interesting technology?

Micro CHP is attractive for its high efficiency, a large market potential and 
its potential of contributing a substantial proportion of UK electricity 
generation 

• 24 million dwellings in the UK

• This base could provide a generation capacity of 24 GWe representing 30% 
of the currently installed UK generation capacity

• 4.8 million boilers are sold per year in Europe, of which 1 million are sold in 
the UK. A substantial proportion could be replaced by Micro CHP systems

• CHP can deliver net efficiencies of >80% providing heat and electricity 
compared to 37% efficiency of the current electricity supply chain

• UK heating market is dominated by single dwelling heating systems, micro 
CHP is applicable without investment in district heating infrastructure



Key challenges

Sizeable regulatory, commercial and technological barriers have to be 
overcome to turn micro CHP into a mass market success and displace 
incumbent boiler technology representing 100 yrs of engineering

Product cost profile:
cost/performance balance

Grid integration:
regulation (feed-in prices, connectivity)

remote control & monitoring?
metering & billing

Installer acceptance:
minimise complexity of 

installation

Reliability :
maintenance & reliability

comparable to boilers

Convenience:
simple customer interface

optimised functionality



Micro CHP: energy conversion technology portfolio

A large number of traditional boiler manufacturers and new market entrants 
are developing micro CHP units based on traditional and novel technology

• Internal combustion engines (Synertec, Honda, Ecopower, Cogenics)

• External combustion engines:

– Stirling cycle (Whispertech, Microgen, Sigma, Enatec)

– Rankine cycle engine (Whispertech, Microgen, Sigma, Enatec)

• Fuel Cells (Buderus , European Fuel Cells, Sulzer Hexis, Vaillant, Viessmann)



Technology maturity

expected time of micro CHP market introduction
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Ratio of electrical to thermal output

Electrical/Thermal Energy output has to match the application 

Intrinsically high total efficiency only achievable if BOTH heat and power are used

match of technology to consumption profile is of high importance

Electricity and useful heat output from 1 kWh chemical energy 
converted
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Consumption profile of dwellings : changes in  heat/electricity ratio

Heat to electricity demand ratio is reducing due to better thermal insulation 
and increased usage of electric appliances 

Stirling engines and Rankine cycle devices are better suited to old dwellings,
Fuel cells and IC engines are better suited to new dwellings

Consumption profile has an impact on the suitability of CHP technologies:

Proportion of heat and electricity consumption for different house types
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Key challenge : cost/performance balance

The energy converter is only part of the micro CHP system, cost efficient 
ancillary components optimised for micro CHP are often not available  

exhaust 
system

air 
supply

fuel 
supply

energy 
converter

power 
electronics

electricity 
consumer/

supply

Material flow:

Heat flow:

Electricity:

heat 
consumer 

AirFuel

• micro CHP systems are complex systems
• mass produced components are typically not available or not 

optimised for the application, thereby impairing system performance



Key challenge : cost/performance balance

Performance of micro CHP systems in initial field tests was 
disappointing due to insufficient systems optimisation

• To be convincing micro-CHP has to be better than the combination of 
high performance condensing boilers combined with grid electricity 
supply

• Limited engineering resources have to be focussed on the 
development of components and subsystems which have the strongest 
impact on performance  

System simulation provides early insight into the system performance 
impact of design choices



Example for application of system simulation: control of CHP unit

For control of a CHP system a set-up with standard proportional control 
or more sophisticated predictive control systems could be chosen

• Relying on simple proportional 
control allows usage of  control 
hardware mass produced for the 
heating market

• Application of predictive/adaptive 
control, a technology developed in the 
process industry and successfully 
applied by Cambridge Consultants in 
automotive powertrain control. => on-
cost ~ £20/unit

• System simulation provides quantitative links between cost contribution, 
choice and value



System simulation: CHP & house model 
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System simulation: Simple proportional controller  

Power output of support burner and Fuel cell CHP is modulated proportional 
to the difference between boiler return temperature and target temperature
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System simulation: Sophisticated predictive controller

Non-linear predictive controller uses internal simplified system model to 
minimise operational cost as well as deviation from thermal comfort target

SYSTEM STATE

SET PB = PB*, PFC  = P*FC
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FOR

� t
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NO

MODIFY 
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SIMPLIFIED SYSTEM MODEL
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System simulation: Scenarios assessed

Three pricing scenarios were assessed representative for UK, German and 
some US states  

scenario
ratio elec. feed-in/elec. 
purchase price

electricity feed-in 
price [� ]

S1: United Kingdom 0 0
S2: Germany 0.49 0.075
S3: Reverse Metering
(proposed in some US
states)

1 0.1527



System simulation: Result

Non-linear predictive controller adjusts the load sharing between the support 
burner and the fuel cell stack automatically to the different cost scenarios

Fuel Cell load factor over time for different control 
strategies and electricity feed in prices for a winter day 
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System simulation: Results operational cost

The predictive controller can provide substantial improvements compared to 
a proportional controller especially when feed in price conditions change 

total yearly expenses for heat and electricity provision and yearly fuel cell CHP 
utilisation
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Predictive & adaptive micro-CHP control: Added functionality 

Two-way flow of electricity & information between utility and consumer will 
enable a more market driven and more efficient electricity supply system 

• Predictive/adaptive control allows to 
reduce installation effort, the controller 
automatically adjusts its behaviour to 
building fabric and usage profile

• When combined with occupancy 
detection and user positioning, 
consumption and comfort 
improvements can be realised by 
moving from timed to need based 
heating system control



Power system of the future : Bringing market forces into electricity supply

Two-way flow of electricity & information between utility and consumer  
enables a more market driven and more efficient electricity supply system 

• By transferring electricity feed-in/purchase price information to micro 
CHP, autonomous controllers can minimise the cost of heat & 
electricity provision, while maintaining thermal comfort 

Utility company

• Producer & consumer

• dynamic pricing

Households:

Large generators:

• provision of spinning 
capacity can be reduced

• electricity purchase price 
variations will be dampened 
by micro CHP contribution 



Summary

• There are a variety of micro CHP technologies under development

• Different technologies are here to stay since they are suited for the different 
heat/electricity consumption ratios of different building types

• Substantial technical challenges have to be overcome before micro CHP sees 
broad application:

• Ancillaries optimised for micro CHP have to be developed

• mass manufacturing capabilities have to be built up

• engineering effort and investments have to be prioritised and focussed

• System simulation is an important tool for this prioritisation and to balance 
technology cost and end customer benefit

• predictive control is a technology, which could help micro CHP to achieve its 
potential, and contribute to a more efficient, market driven electricity supply 
system
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