
Hello Ladies and Gentlemen.
Welcome to the talk “Superconductivity for Green Energy”
Thanks to the organizers for the invitation to provide this plenary in the name of Mathias Noe and me. It’s an honor and pleasure to 
contribute.
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- First some general aspects on fossil energy and sustainability.
- Then we will look into the history and see what changed in power generation in the past and into the actual shape of the electric grids.
- Following that, Mathias Noe will describe what implications and opportunities arise from the situation for power grid devices.
- He will elaborate on the worldwide fusion activities a bit.
- Then I will take over to describe the key performance values in generator types and opportunities for HTS
- The popularity of the “game changer hydrogen” leads to some new opportunities for HTS in the combination with LH2
- Finally, we will conclude.
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- The earth had 100 My time to convert 10% of original biomass into fossil energy carriers.
- Nature build a considerable energy deposit for us – with extremely low efficiency on long timescales = like the hourglass to

the left.
- However, we are living from this energy deposits for abt. 200 years

=like the hourglass to the right.
- These are extremely asymmetric charging/ discharging processes!
- What means “Green Energy”?
- In other words “sustainability”?
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- Now we will look into the history and see what changed in power generation in the past and into the actual shape of the electric grids.
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- Nice example on the evolution of energy use is by the Rheinfall in Schaffhausen
- The very first local use of energy was at selected locations:

- windmills
- watermills

- Industry was founded at selected locations (river hydro energy) and evolved from that over the 
centuries.

- The first transport of high-density energy was in the form peat (first fossil) 
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Example: Germany
“Localized Generation” (Erection of Hydro)
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The next two decades may be called “tailored fossil power generation.” In decreasing capacity:

- mainly coal
- some natural gas
- some petrol
- some hydro
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This timeframe may be called the “coal & uranium power generation”

Coal and Nuclear used to create full coverage of generation – filling the gaps.

What happened in the next/last 20 years? 
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Distributed Renwables dominate the power generation landscape – at least in numbers.
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The REN outnumbers the conventional power generation by far in capacity. 
Changed role for Fossil Power Generation: from base load to “peaker.”
(Nuclear is somewhat special and more or less still base load).

 How about the situation in Europe as a bigger picture?
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- Full Energy Need is more than Electricity!
- The European Energy Systems are by far NOT green today!
- A long way to go, but electrification is a must.
- The "Green Energy Generation“ is a beginning.
- First time situation: widespread generation of REN
- Need in improved electric grids in transmission & distribution
- Opportunities for Superconductivity and HTS

Mathias Noe will address these opportunities on Superconductivity and HTS in the next minutes. 
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- The situation is special for the different rotating machines of power generation.
- Turbo:

- high rotational speed
- high efficiency
- need for CO2-free fuel

- Hydro Power:
- medium rotational speed
- high pole number
- high efficiency – depending on type
- robust assembly
- long MV power link

- Wind Power:
- high pole number
- high efficiency (85...95%)
- LCOE

- Let’s look at the General aspects, benefits and prospects for HTS machines...
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Here: not only for Generation, but for drive applications, too.

- describe columns
- LH2 is already mentioned, lateron in detai

1. Introducing HTS into e-machinery (rotor) will reduce the loss by abt. 37% (depending on specific application)
2. Using the for-free cold of LH2 will yield a loss-reduction of >40%.
3. Using HTS in the stator, too, (today, only viable without cooling penalty), will reduce the loss by abt. 80%.

 But let us first consider a Wind Power and perform a back of an envelope check on options and restrictions...
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- follow slide

This might be addressed with LTS (but high effort of cooling below Tc and stable operation). Conclusion: Clever Designs are needed!

 However: is there something around the corner which might be helpful for such HTS-machines? (DUDA)
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• We followed a “stacked 2G-HTS sheet approach”.
• Kind of Single-turn windings.
• Change of paradigm: move away from fully superconducting current trajectory  compact engineering current path with manageable small contact 

loss.
• follow slide...

• compact magnet configurations

 How could that influence a Wind Power Generator, for example? (wound-tape vs. DUDA)
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- left: wound tape airteeth stator (optimized)
- right: DUDA high-pole-number/ high slot number machine (and 20K) – not optimized, simple emag-approximation
- eliminating the space consuming winding heads
- Miniaturization by DUDA
- might be used for other applications/ machines with even greater benefit.

Conclusion: There is the need for clever design – DUDA might be among them.

 next section: back to energy and energy carriers...
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 development of Energy Vectors...
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- follow slide

 H2 has a higher energy density than fossil – it depends?
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- Fossil energy carriers (C-Atom) are „benchmark“ – mainly liquid, if gaseous: compression needed!
- H2 as pressurized gas not bad, but when at same pressure as NG (co-mixing) reducing the energy content of the pipeline/ gas-grid
- H2 under high pressure is not bad, but a lot of drawbacks
- LOHC very similar to H2-hi-pressure, makes sense in niches, but high needs in energy for storage/ release.

- LH2 competitive to compressed Natural Gas – meets "benchmark“!
- Furthermore: the for-free high-value cold may be used in devices/ applications down the energy chain...

 How about the energy chain efficiency of LH2? 
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- Describe the chain (for vehicles)
- highlight 24% at shaft

(WP: 
97%: 

95%: Xu, Y., et al. (2015). "Operating Temperature Influence on Performance of 10 MW Wind Turbine HTS Generators." IEEE Transactions on Applied 
Superconductivity 25(3): 1-5. )

 energy chain of pH2...
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- follow slide:
- energy share for pressurization is “lost”
- remember 28% 

 compare to petrol energy chain...
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- follow slide:
- When considering the “availability efforts,” the petrol energy chain is even less efficient than hydrogen!
- So we had 24%, 28% and 18%. 

And we the chance to use the “for free energy backpack” of LH2...

LH2 provides high-value cold...
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- When evaporating, LH2 is one of the “stars” of cooling media (taking away a lot of heat)
- When warming up, due to the high specific heat of LH2, it is an excellent cooling media above boiling temperature, too.
- This is the motivation to include that in rotating machines as a coolant (for free!, see previous slide)
- Using these features will raise efficiency to (at least) pH2!!!

 So, how to address LH2 in the Energy System...example Germany: AppLHy!...
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- 3 projects within the range of 140 M€ each all partly research, partly 
implementation

- addressing H2-production near-shore
- addressing GW-electrolyzers
- addressing transport

 work packages in AppLHy!... 
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This project is not the first to address LH2 & superconductivity (first paper found of 1976 – even before HTS)!
Activities in Russia in the past (LH2+HTS flexible cable).
AppLHy! has unique research points:

- efficient liquefaction
- materials
- develop technology platform for bulk transport of LH2 (and electric power on-top) and integration into energy systems (KIT Energy Lab 2.0); hybrid 

energy transport
- researching in synergetic benefits of power devices using HTS and LH2

 As an example: Is there some prospect for vehicle motors?
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One rationale for addressing vehicles in the project AppLHy!:

- Combining compact HTS machines (perhaps by DUDA) with LH2-cooling 

will yield extremely compact motors e.g., for vehicles.

 How about the transportation of energy?
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- Point-to-point (electrical) energy transport is most efficient when done by HVDC.
- However, the transport of (chemical) energy by LH2 is nearly as efficient – neglecting the "liquefaction energy backpack.“
- Combining chemical (LH2) & electrical (HTS) transport & power devices (cooling) will leverage synergies, turn cons into pros and increase the 

overall efficiency.
(The first paper on that is from 1976 – even before the birth of HTS)
Several proposals and some projects already done with LH2 and HTS 

Hopefully we will be able to realize convincing demonstrators in the next 4 years in the project.

 Coming to the conclusions...
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