€nergy in Action

Comparison of fossil fuels & renewables

http://www.asge-national.org/Conference
ASGE conference June 3rd, Las Vegas
Dr. Gunther Berthold



Comparison of fossil fuels &
renewables - opportunity?

Market opportunity needs to be aligned with company
vision.
® Brief introduction

Market opportunity: Renewable energy

References

Consumption for individuals

Actual Energy resources in USA

Can the USA live on renewable only

Balance of consumption and renewable / sustanable enrergy consumption
The markets of opportunity and the vision based on facts

The timing and cost of invention

The strategic approach
® Product portfoglio
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Market opportunity needs to be
alighed with company vision



Product range in line with our vision ?



COMPANY HISTORY in line with our vision?



Worgas IDendity kit

Sales

People
Location

Facility in Formigine

Pioneering Technology

Product

Application

19.000.000 EUR, 14 % growth in 2013 through
innovative world leading products, stable on
existing products

140

Formigine, Italy (1965), South Normington, UK
(1945 — acquisttion in 2009); Bowling Green,
USA (2001)

13.000 sgm, full recovery of test facility heat,
50% of electrical energy made by roof PV
system, state of the art gas appliance testing
from kW to MW,

over 150 patents, world leadership in flat premix
burner, second on commercial premix,

combustion technology and systems, gas
burner, H2 generator

boiler, co-generation, Stirling, Fuell Cell
(reformer), gas absorption heat pump,
Portable power generator



Worgas IDendity kit - customer
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Comparison of fossil fuels &
renewables - opportunity?

Market opportunity: Renewable energy

References

Consumption - per person

Energy resources in USA

Can USA live on renewable only?

Balance of consumption and renewable / sustanable enrergy consumption
The markets of opportunity and the vision based on facts

The timing and cost of invention
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Market opportunity:Renewable Energy USA

Numbers by person by day
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Land surface/person
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GDP per person
GDP per person per day

:32,000 m~2/p
:17,000 bn USD
:55,000 USD/p

:150 USD/p/day




Total primary energy consumption
share by sources & sector

Equals: 220kWh/p/d
25,000TWh/310Mp/365d



Total electricity generation by fuel

Equals to: 36kWh/p/d
4,100TWh/310Mp/365d



Consumption per person
summing up to estimated 205 kWh/d/p

Cars - 40 kWh
® distance travelled per day/distance per unit fuel
® (50km)/(12km/litre) x (10kWh/litre)

Intercontinental & continental flight on Boing 747 — 33 kWh
® [(2x 5,000km)+(2 x 10.000km)]/(0,06km/litre) x (10kWh/litre) =5,000MWh
® Per day per person 5,000 MWh /416person /365 days

Shower - 4kWh
® shower 10 min, 10litre/minute, heat capacity 4,2k]/litre/K
® (10 min x 10 litre/minute) x 4,2kJ/K/litre x 35 K

Cooking - 4kWh
® Gas range 3kW x 1 h
® Oven 2,5kW x 3h per week

Washing-cleaning - 4,4kW

Dishwasher 2,0kW x 1h

Washing machine 2,5kW x 3h per week

Cloth dryer: 3kW x 3h per week

Iron 1kW x 1h per day

Vacuum cleaner 1600 W x 0,25h per day



Consumption per person
summing up to estimated 205 kWh/d/p

Heating — 30kWh

® Boiler 15kWh x 12h/day x 180 day /365 day / 3 person
per home

Cooling - 8,5kWh

® Split 2x 1,5kW x 12 h/day x 150 day / 365 day / 3
person per home

® Refrigerator 0,15kW x 24 h/day
Light - 4kWh

® 8 rooms x 100 W/room x 5h
Gadgets -5,4kWh

® Phone charger battery 40 Wh x 3 devices (computer ,
tablet, phone )

® Computer (100W), television (200W), radio (100W),
other 500W x 6 h/day



Consumption per person
summing up to estimated 205 kWh/d/p

Food and farming - 2,3kWh+1,5kWh

® Consumption 2600 Calories = 2600 kcal x 4,1 J/cal
=3kWh

® Meat from pork, lives 150 days , average weight 100kg,
meat consumption 250g/day,

® Milk and cheese about 1 liter / day, cow 450kg,
consumption proportional to human, 450/65 x
ngh=21kWh, a cow deliveres about 16 liter of milk per
ay,

Stuff -66 kWh/d

® Making raw material

® Production

® Disposal

® Transport (commercial)

Public services - 2,64kWh/d

® Military 1,7 kWh/p/d, 5% energy =0,7KW/d/p
® University 0,24kW/d/p



End-Use consumption sector share



Potential renewable Energy resources
in the US of 259 kWh/d/p

Wind 15kWh (today : 1,5 kWh/p/d)
® On-shore: 15 kWh/p/d = 1% x 32.000m~2/p x 2W/m~2 x 24h
® potential given by NREL =327kWh/p/d

Solar 154kWh (today: 0,09kWh/p/d)
® Solar Power 154kWh/d/=2% x 32.000m”~2 x 100W/m~2 x24hx10%
® Potential given by NREL = 3,500 kWh/p/d

Solar biomass 77kWh
® 10% x 32,000m~2/p x 1W/m2 x24h
® Wine 6750 I/ha/365d, 10% alc. = 6,39kWh/I x 0,675I/m~2 /365d x 10% = 1,2 Wh/m~2

Hydroelectricity 6 kWh (today: 2,5 kWh/p/d)
® max potential guessed:6 kWh

Wave and tide 1kWh
® 5kW/m, Weak potential , maybe 3% of total electric consumption about 1 kWh/d/p (EPRI)

Geothermal 6kWh/p/d (today: 0,13 kWh/p/d)
® Potential 6kWh/p/d



Can the USA live on renewables only?

All the considerations didn’t include any social, economic and
technological aspect. Therefore, the real potential will be
smaller, but the numbers look promissing.

Fossﬂ proven energy reserves in the Worild (60y-240y)

(BP 2013 energy outlook), real resevres might be 4 times higher

® Coal 861 Gt: 40 year (6 billion people, 100kwh/d)
® R/P world= 109 year (reserve / present rate of consumption) - R/P USA = 257 year

® Oil 1700 G barrels: 12 year (6 billion people, 100kwh/d)
® R/P world= 52.9 year (reserve/ present rate of consumption) - R/P USA = 10.7 year

® Gas 187 Tm~3: 8 year (6 billion people, 100kwh/d)
® R/P world= 55.7 year (reserve / present rate of consumption)- R/P USA = 12.5 year

® Nuclear: up to several hundred of years

® Fission U235 U238, fast breader 60 times more efficient
® Fusion Lithium (land and water) 1000 year (6 billion people, 100kwh/d)

Opportunities are as well in energy saving technology as in
renewable energy production & storage




The markets of opportunity
vision based on facts

Electrical car: 15kWh/100km
® 1/5 of consumption of medium gasoline car (80kWh/100km)
® Tesla: sports car 400km distance

Train: 4,4 kWh/100km/p

® 1/18 with respect to present car , already existing
Bus: 8kWh/100km/p

® 1/10, already existing
Heating demand: <30kWh/m#2

® 4 with respect to a home of clima E <120kWh/m~2
Storage technology

® To balance production and consumption

Heating appliance with better effciency
® Condensing Boiler + furnace(+10% to +30%)
® Heat pump (electric + gas ) (+20% to 60%)
® CHP (fuel cell + Stirling) (+10% + 40%)



The markets of opportunity
vision based on facts
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How do we get best all year
round efficiency?

Heat pump combined with best
class electrical generation has
best all year efficiency

CHP makes sense where the
heat and electrical load remain
fitted to demand



The timing and cost of invention

Development phase with high risk on success,
time and cost

Need to have sufficient strength with products
in growth and maturity

Global worldwide investment $257 billion,
China $52 billion, USA $51 billion (0,3% GDP)
(Forbes),

® US congress stated a need for about $120 billion
per year to maintain and improve roads (Reuters)

Solar Industry has been hidden strongly by
strong competition. USA and European leaders
are wiped out or do bad. China’s comanies are
geeting the lead role, despite of unprofitability.

venture capital



Comparison of fossil fuels &
renewables - opportunity?

The strategic approach
® Product portfoglio



The stragetgic approach:
Product Portfoglio

Product mix on all phases of life
time cycle

long term sustainability
Focus on energy transformation

Market approach: component
/subassembly supply with innovative
technology

Gas combustion
Added value through sub assembly

Partnership with customer — early
involvement

Global presence — local support
Italy, UK, US, China



.......... . anhd what is your
approach???

Market opportunity needs to be aligned
with company vision, strategy, product
portfoglio & the right people

“If you haven't found it yet, keep

looking. Don't settle. As with all

matters of the heart, You'll know
when you find it” Steve Jobs



€nergy in Action

Thank you for your attention



