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The way we use energy today

Energy by primary source, OECD 2014
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Combustion creates economy of scale

Investment costs for various generation options
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Our current energy use

Renewable
electricity: ~17%

Intermittent
renewable:~ 5%
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The power of the people

One power plant: 1 GW
One solar installation: 3 kW
Investment in one solar installation: $ 8000
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A million such installations is equivalent to the 1 GW power plant

Amount of people able to afford solar PV
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Stressing the grid

Limit to introducing renewables
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Phases of introducing wind and solar

> Phase 1:Growing share
The investment in renewable exceeds investments in fossil-based

» Phase 2: Shrinking capacity credit
Up to about 40% the need for backup power increases. After 4£0%, 100% backup
power for installed renewables is required

» Phase 3: Reduced payback
Above 50% —75% renewables production regularly exceeds demand. Only storage
can save the day
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Heat pumps to boost demand

New heat pumps for use in buildings generate on average 5 kWh of heat for every kWh
electricity input

Cost of heat using heat pumps
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Example: heat battery
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Batteries are introduced for alternative reasons

60 -
50 7] 75 60
Yearly - ?:IJ Iﬂux‘sz(f'p Heat o
3 —
gIobaI 4O - z :g /I/ .4 \ 55 é
battery 3 ss | il b 50 3
5 ¥a g &
demand 30 - ! 50 | oy £
£ o £ TR e
from 5 40 | & 2
plug-ins 20 - w 2: ~m= Heat Pump Demand kW: Total= 42.1 kivh [ 40 g‘
h E 2:5 fl/ —o- . Outdoor Temperature: Avg= 44.2° ?
(GWh) B 20 33
10 - T 15 =]
10 30
0.5
0O - 0.0 . . ! , . [ 25
2 4 G 8 10
© Ne)
,.I,O'y'y ,1’0';1’ ,1,0';5 q/ory\" ,.1/0”() ,1,0'y ’1«0';\ ,1,0'5' ,1,0.\9 q,oq’o Time of Day: December 18th Tampa TMY2
MEV mPHEV mFCV
Electric vehicles lead to an Domestic electricity applications
unprecedented battery capacity require batteries to support peak

° ) demand
luxresearch @



YEARS

Paving the way for virtual power plants
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Converting industry is the major challenge
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Several public private partnerships are
aligned on the same roadmap to create an
electricity based (chemical) industry

(@) }
luxresearch e



j YEARS @

Yet sometimes heat is inevitable

Glass furnace: 1850 °C
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Blast furnace: 1400 °C

Processes requiring phase
changes and chemical reduction
have to use high temperature
heat.
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Periphery (flue gas, ORC (Process room,
plpes, valves, haat inel, Turbine, evaporator,
rejection system, etcl cantrol cabinet):

Supplied by Triogen riogen wpply
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STAGE OF DEVELOPMENT
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The future use of energy: >80% renewable eIectricT’Ey
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In summary

The energy transition is a complex non-linear process
» Energy storage starts from alternative business cases and is not always electric

» Regular cheap electricity will help industry electrify, if engineers lose focus on
efficiency

» High temperature heat offers backup capacity
> Software to utilize battery capacity will mobilize storage

> Oil refineries and chemical industry in jeopardy

Finally:

Technology is showing and paving the way
Government policy sets the pace
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