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About Delta

Decentralised energy research & consulting firm

Research products include:

— Delta Micro-CHP Service
— Delta Micro-Wind Multi-Client Study

Sample clients:
— Energy sector: E.ON UK, RWE, Gaz de France, Osaka Gas, Statoll
— Manufacturers & Developers: Baxi, Microgen, Viessmann, Toshiba
— Finance sector: Numis Corp., Deutsche Bank, Scottish energy investor
— Governments/NGOs: Canadian Government, Sustainable Energy Ireland
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Micro-CHP
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Micro-CHP Global Market Status

2005 Micro-CHP Sales

» Total generating capacity ~31 MW
o Market value ~£100 million

Delta’s 2006 Micro-CHP Sales Predictions
e Japan ~22,000 units

« Germany ~7,000 units

e UK ~1,000 units
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The Micro-CHP Prize

Annual Gas Boliler Sales in Selected European Market s
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Rapid Market Growth in Japan

Currently Available Development Activity

Source: Osaka Gas

Source: Osaka Gas

Source: Yanmar Source: Tokyo Gas
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Fuel Cell Excitement in Japan

* Large PEM fuel cell demonstration programme

« (Gas utility and government push
— gas versus electric battle
— 3 million yen (£14,000) subsidy per unit

 Major corporations involved
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Market Introduction in the U.S.

Source: Climate Energy
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Established (Niche) Markets in Germany

Mature Products Emerging Products

Source: Sunmachine

Source: SenerTec

Source: OTAG

Source: SenerTec
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UK — Gaining A (Very Little) Toehold

Source: Whisper Tech Source: SenerTec
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Chasing the Pot of Gold in Europe

Selected Developers Targeting/On the European Marke t
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Key European Market Shapers

o Utility engagement
— Passive, interested or engaged?

* Boiler manufacturer engagement
— Passive, interested or engaged?

* Product developers (and their investors)
— Boiler manufacturers
— Developers with deep pockets
— Small privately held companies
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Micro-CHP Technologies

Technology Status

Mature

Internal combustion engines

Emerging onto markets

Stirling engines
Rankine cycle engines

Development and
demonstration

Pico-turbines
Fuel cells (PEM and solid oxide)
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Key Micro-CHP Product Requirements

e Marginal capital cost

e Marginal maintenance cost
* Noise and vibration

e Cycling and modulability

* Reliable and durable

* Overall efficiency

» Electrical efficiency / heat to power ratio
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Heat to Power Ratios of Micro-CHP
Products

Heat to power
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Implications of Low Heat to Power Ratios

e Less sensitive to space heating demands

« Longer running hours
— Generating more electricity, more savings

 More flexible operation
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Selected Fuel Cell Micro-CHP Developers

Europe Japan

« Ceramic Fuel Cells * Ebara (with Ballard)
« Ceres Power * Kyocera

e Baxi e Toyota

« Vaillant (with partners)  Toshiba
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PEM Fuel Cells

Advantages Challenges

e Low heat to power ratio e Cost!

* Rapid modulation Reliability & durability
e Rapid start-up Maintenance?

* Low noise & vibration e Complexity
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Solid Oxide Fuel Cells

Challenges

Advantages

* Very low heat to power
ratio (for some)

e Good modulation
e Low noise & vibration

 Cost!

* Cycle-ability

* Reliability & durability
 Maintenance?

o (Complexity)
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A Closer Look at Heat to Power Ratios
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Ingredients for a Micro-CHP Mass Market

Utility interest
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The Future for Fuel Cells for Micro-CHP

Other technologies will create micro-CHP markets

* Fuel cells have some compelling advantages

* But must demonstrate reliability, durability, low cost and
low maintenance requirements

« Different fuel cells product approaches

Sizeable investments in developing fuel cells.
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Jon Slowe, Director

+44 141 227 3982
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