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Dirty business

Global energy-related CO, emissions, by sector, 2014, tonnes bn
Total: 36.2bn

Heating buildings - | Cooking =~ Other
1.6 0.5 0.6

Other industry
22

0.3
Paper 0.2

Power generation

Light road
4.8

Heavy road
2.5
Rail 0.2 Other 1.6

Source: International Energy Agency

The Economist

2 DNVGL®©2019 DNV:-GL



14/02/2019

From The Economi st iClean enel|[=¥vy =~ .0
have yet reached a tipping pointo

. I Clean equals cheap

North America, average cost of energy
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storage needed for variable renewables Source: Lazard, levelised cost of energy analysis
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KEMA Laboratories

Electricity: a key role in Energy Transition https://eto.dnvgl.com/2018 |
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Northstream 2 pipeline 1250 km Russia I Europe

55 bcm gas per year
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Nord Stream 1
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Electricity in combination with molecules as fuel

{e;Refinery

Towards sustainable production
of chemicals and fuels

Source TU Delft
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Abundant variable renewables; KEMA
in 2017 > 60GW wind and 100GW solar added

Laboratories

Offshore wind farm Wind farm

Large solar farm, Middle East
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Veltoor 100MW Solar Power Project India

DNVGL SE 0078 o6project certification of phot
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Advanced Power Electronics

ASoftware -controlled  compact configuration of fast solid - state
switches  capable of transforming electric energy with high efficiency
in applications between power sources and loads. Advanced power
electronics also enable  precise steering and protection

GHCK JORCH N |

10w 100w 1kw 10kwW 100kW IMw 10MW 100MwW 1GW

P @® 0B Oe

£
Ly

10 DNV GL© 2019 DNV:-GL



14/02/2019

KEMA Laboratories

High Power semiconductor switches

Thyristor
8kV, 5.5kA

IGBT
5kV, 3kA
Source: ABB
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Laboratories
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http://www.inmr.com/advanced -power -electronics -rule -future -power -systems -part /
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Laboratories

KEMA

VSC valve hall

High Power Electronics

- Skagerak
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