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Renew 2020 
Annual Review of progress on renewable 
Solar costs continue to fall…  

 

 
      https://reneweconomy.com.au/the-future-of-solar-power-from-unbelievably-cheap-to-insanely-cheap-77615    

 ...and will carry on that way   

 
 

..with system integration choice still an issue for power, heat & transport  

SGN  www.rivieramm.com/news-content-hub/approval-sought-for-offshore-wind-hydrogen-to-homes-project-59460 
 

NATTA - Network for Alternative Technology and Technology Assessment, Dec 2020 

 

The hydrogen route 
is one option for grid 
balancing and also 
home heating- see 
right for SGNs H100 
Fife concept. But 
some look to electric 
heat pumps… 
  

Wind costs fall too               
       offshore especially 

 
This 2000 NREL prediction had turned out about right  
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Annual Review of progress on renewables 
The big news of 2020 was of course the Coronavirus emergency, which in many ways upstaged 
the climate emergency. Certainly COVID-19 demanded urgent response. However, while 
responding to it may have temporarily reduced carbon emissions, as economic activity and energy 
use fell off, that didn’t mean the climate emergency had gone away, or that it was no longer 
urgent. Short term cuts in CO2 emissions due to COVID-19 responses, however welcome, will 
not reduce climate change impacts much, or longer term. So there was, and still is, a need for 
urgent emergency responses - including measures to deal with floods, fires and so on, as well as 
longer-term adaptation to climate change, where possible, for example by investing in enhanced 
sea-rise protection in flood-prone areas. However, all of that is just ameliorative. We also have to 
invest in mitigation measures - including the development of renewable energy, to reduce carbon 
emissions, so as to deal with the fundamental climate problem - which, will get worse if 
emissions are allowed to continue to rise. This annual review looks at the progress made in 2020 
and at the overall state of play with renewable energy globally - all in 11 packed pages!  
Contents 
1. Overveiw             
2. Wind power         
3. Solar power 
4. Water power 
5. Earth power  
6. Bio-power 
7. Integration 
8. Transport 
9. Nuclear 
10. Conclusion 
11. NATTA/Renew details 
 

 
www.ren21.net/reports/global-status-report/ 

N
ote: Solar PV

 capacity data are provided in direct 
current (D

C). D
ata are not com

parable against 
technology contributions to electricity generation.  

 
Renewables supplied 27.3% of 
global power by the end of 2019, 
but only around 11% of total final 
energy. We still have a long way to 
go in terms of heating, cooling 
transport and industry…  
 

 

 

 

PV 
solar 
roars 
ahead  
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1. Overview  State of play summary: https://ember-climate.org/project/global-electricity-h12020/ 
 

As the charts above (first page) indicate, there has been a continuing rapid fall in renewable costs: 
www.irena.org/newsroom/articles/2020/Jun/How-Falling-Costs-Make-Renewables-a-Cost-effective-Investment   
And that is driving rapid expansion of renewable capacity around the world. Wind and PV 
continue to lead, with PV especially booming across the world. That raises issues of scale - do we 
want vast solar arrays? Wouldn’t smaller locally-owned schemes be better? But can they survive 
in the competitive market place? https://ukerc.ac.uk/news/financing-community-energy-in-brave-new-world 
System integration is another major issue: the wire (power) v pipe (gas) debate rumbles on. In 
some cases, eco-impacts are still a worry, so that there may be limits and not all the options may 
be viable for continued expansion: www.bbc.co.uk/news/science-environment-52023881 However, while 
debates on issues like this continue, in general the 2020 story is a positive one, and the prospects 
for the future look good - assuming demand for coal and fossil energy generally can be 
constrained, so that global emissions fall. More attention to energy efficiency in all sectors is 
clearly vital. Our focus in this review though is on the supply side and on newly emerging 
technological developments. But that too cuts demand for fossil (and nuclear) energy.  

 
 

 
 

 

Energy saving  ‘Global primary energy intensity - 
the amount of energy used per unit of GDP - fell more 
than 10% between 2013 and 2018, although the annual 
improvement slowed over the period. The decline in 
energy intensity has been facilitated in part by the 
uptake of renewables, as the use of some sources of 
renewable power - particularly hydropower, solar PV 
& wind power technologies - lessens the amount of 
primary energy needed to meet final energy needs by 
reducing the overall transformation losses in 
generation. Meanwhile, improvements in final energy 
intensity reduce overall energy demand, and can 
enable the same renewable energy sources to supply a 
larger share of the world’s final energy needs.’ REN21 

 

The front runners on the energy supply side…  

 

Power 
Heat 
 

Biomass/biofuels are also used for 
power generation (44 GW) and 
transport (4EJ) but much less of it 
than for heating (40EJ). 
 

www.ren21.net/reports/global-status-report/ 
 

 

Solar PV 

Wind 

Solar 

Bioenergy 
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New Renewables knock all else out  

 

 

 
www.worldnuclearreport.org/-World-Nuclear-Industry-Status-Report-2020-.html 

Renewable power output 
continues to lead all other 
sources, including now coal- 
see chart left. Wind, solar and 
other non-hydro renewables 
combined overtook nuclear 
globally in 2018- see chart at 
the bottom. None of that’s 
surprising given the rapid fall in 
renewable costs- see the chart 
in the middle. If you also add 
hydro, then renewables clearly 
are well ahead of all else.  
Nuclear out of it… 
In June 2020, the IEA put 
forward a three-year 
Sustainable Recovery Plan, 
‘focused on cost-effective 
measures that could be 
implemented during the specific 
timeframe of 2021 to 2023’. 
The plan has three main goals: 
boosting economic growth, 
creating jobs and building more 
resilient and cleaner energy 
systems. The proposal for the 
power sector suggested a 
prioritisation of investment in 
renewable energy and a 
strengthening of the grid, such 
that a range of measures could 
be put in place to support the 
expansion & modernisation of 
electricity grids; accelerate new 
wind and solar installations and 
re-power existing ones. For all 
other energy sources, including 
nuclear power, the IEA 
suggests that they should be 
maintained or managed. The 
World Nuclear Industry Status 
Report 2020 said ‘the message 
is clear: for economic, 
employment and sustainability 
reasons the clear priority is 
renewable energy’. This report 
looks at what’s on offer.  
  

Carbon Capture and Storage  The IEA said it would be ‘virtually impossible’ for the world 
to hit climate targets without capturing and storing emissions generated from factories, power plants, 
transportation & other sources. The transition to renewables would not cut emissions in time. 
https://www.theguardian.com/environment/2020/oct/07/carbon-capture-moonshot-moves-closer-as-billions-of-dollars-pour-in 
That’s debatable. Yes, CCS may help with some hard to decarbonise industrial plants, but progress in the 
power sector has been very slow. Indeed, one of the flagship US power projects, the Petra Nova plant in 
Texas, has been abandoned: ieefa.org/wp-content/uploads/2020/08/Petra-Nova-Mothballing-Post-Mortem_August-2020.pdf 
If, despite the uncertainties, carbon capture can be made to work effectively on a large scale, there are 
limits to how much space is available for CO2 storage. Rather than diverting money to this expensive 
approach, we should arguably focus mostly on renewables- the only viable long term energy supply option. 
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2. Wind power  
Wind turbines - big growth, new ideas 
By 2030 there will be 1.5 TW of onshore wind capacity in place, 
and 150 GW offshore (fixed and floating) globally, says 
DNV-GL. It estimates that the LCOE will fall to $50/ 
MWh for fixed offshore & $70/MWh for floating by 
2030, though some say floating wind could be as low as 

€40: www.dnvgl.com/to2030/technology/wind-energy-going-offshore.html 
Floating wind Globally, floating wind is expected  
to rise to over 1 GW by 2025 and 5 GW by 2027: 
www.4coffshore.com/news/floating-wind--changing-gear-nid13899.html 
Design innovations are likely e.g., for floating platforms:     
https://renews.biz/58754/rwe-team-puts-floating-wind-to-the-test  
And grid links: https://analysis.newenergyupdate.com/wind-energy-
update/equinor-pioneers-offshore-microgrid-floating-wind-farm   

Upgrades The worst turbines are the old ones on the 
best on shore sites, so re-blading is vital to upgrade output : 
www.windpowermonthly.com/article/1681472/europes-green-deal-hold-the-
worst-turbines-best-sites  Old fiberglass blades can be recycled: 
www.bbc.co.uk/news/business-51325101 And textile blades are 
lighter than fiberglass: www.energylivenews.com/2020/04/14/eureka-
moment-with-worlds-lightest-wind-turbine-blade and www.actblade.com 
Wooden towers can avoid CO2 debts: www.windpowermonthly.com/article/1681785/photos-wooden-turbine-tower-takes-shape-sweden  

On shore array infill? Small 
wind devices are less efficient than 
large, tall machines, though smaller, 
lower, vertical axis devices may 
still supply useful power e.g. in-
filling on the same site, they boost 
its output: https://windharvest.com/ But 
it may make the site look cluttered.  

Flying wind   
Kite and aerofoil based 
wind energy systems have 
been pushed for a while, 
but Alphabet/Google has 
pulled its support for one the leaders, Makani (pictured 
above), despite it having run a test flight of its 600kW 
airborne wind generator in Hawaii in 2018 and an 
offshore test in 2019 off Norway: https://youtu.be/F6NW0QeKLZA Flying turbines with air 
borne generators may be an eccentric idea, but Shell is still looking at Makani’s design: 
www.rechargenews.com/wind/shell-mulls-makani-future-as-google-parent-drops-energy-kite-project/2-1-758718 
So this obituary seems a little mean: https://cleantechnica.com/2020/02/21/rip-google-makani-perhaps-the-
entire-airborne-wind-energy-space-will-finally-disappear/ As it admits, there are also other variants,  

such as kites linked to generators on the ground,  
& ship towing kites, that may hold more promise.  
See the pics left from the progress overviews at 
last year’s biannual gathering in Glasgow: 
https://awec2019.com     Abstracts for each project: 
https://doi.org/10.4233/uuid:57fd203c-e069-11e9-9fcb-441ea15f7c9c 

 
 
Offshore: 30GW now, 200GW by 2030? 
www.energylivenews.com/2020/03/26/offshore-wind-
capacity-to-hit-200gw-by-2030 
Aiding cost reduction, offshore power   
rating is rising- up to 14 MW with shared 
hubs: https://analysis.newenergyupdate.com/wind-
energy-update/uk-offshore-developers-predict-
savings-plug-grid 
 
 

  
 

6.2MW floating Seawind project 
planned off Scotland next year 
www.windpowermonthly.com/article/1678312/seawind-
steps-development-radical-two-blade-offshore-turbine 
with more to come later. Two bladed 
devices use less material than 3 bladed 
designs, but need to rotate faster to give 
the same output. There can also be more 
asymmetric stress on the hub.  

 
https://skysails-group.de/     www.brainwhere.com/ 
 

 

 

Tiny wind Nanotech energy harvesting https://physicsworld.com/a/fluttering-polymer-ribbons-harvest-electrical-energy/ 
Electrolyers up-scaled https://newenergyupdate.com/wind-energy-update/rapid-scaling-electrolyzers-accelerates-wind-hydrogen-savings 
Bird impact cut 72% www.rechargenews.com/wind/painting-one-turbine-blade-black-reduces-bird-fatalities-by-72-says-study/2-1-861643 
Black it! https://theconversation.com/painting-wind-turbines-black-could-help-protect-birds-as-long-as-it-doesnt-disrupt-their-migration-145407  
Impacts low anyway www.windpowermonthly.com/article/1697603/almost-no-birds-die-collisions-wind-turbine-blades-research-finds 
More on Recyclable blades www.energylivenews.com/2020/09/24/consortium-to-build-worlds-first-100-recyclable-wind-turbine  
More on Wood towers www.windpowermonthly.com/article/1694975/vattenfall-work-wooden-tower-manufacturer  and on rare earths for 
magnets: https://theconversation.com/boris-johnson-promises-a-uk-offshore-wind-revolution-but-china-holds-the-monopoly-on-vital-rare-earth-metals-147645 

 O
nshore

 -
 keep off the peat 

 https://theconversation.com
/w

ind -farm
s-

built -on-carbon-rich-peat-bogs-lose-their-
ability-to-fight-clim

ate-change-143551 

 Global Offshore wind  https://climatenewsnetwork.net/global-
offshore-wind-industry-takes-huge-strides 

 

New Tech 

EU offshore wind- 22GW  
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3. Solar PV heading for over 600 GW globally  
The cost of solar PV has fallen by 90% 
over the last 10 years, and further cuts 
are expected, with the utility-scale 
system price heading for $0.45/W by 
2030 across many markets - cheaper than any other source. 
See DNV GL’s chart left. They say ‘on a global level, utility-
scale installations will account for almost 50% of global solar 
capacity in 2030’, and that crystalline silicon PV leads the 
market, while new materials, perovskite especially, may have 
a role: ‘Improvements in the efficiency & reliability of 
Passivated Emitter & Rear Cell (PERC) technologies will be 

the main focus in the next few years, with technologies such as TOP-Con & Hetero junction Si 
becoming more competitive due to their higher efficiency & in some cases, lower temperature 

coefficients most relevant in hot climates. Silicon module efficiency will begin to approach 25% across 
much of the industry by 2030.’ www.dnvgl.com/to2030/technology/solar-pv-powering-through-to-2030.html  
Perovskite push: https://grist.org/energy/solar-panels-are-more-efficient-than-youve-heard-this-material-could-make-them-even-better 
‘27% efficient’: www.theguardian.com/business/2020/aug/15/uk-firms-solar-power-breakthrough-could-make-worlds-most-efficient-panels-by-2021 
Lighting too: https://theconversation.com/how-a-new-solar-and-lighting-technology-could-propel-a-renewable-energy-transformation-133658 
 

New cell geometry https://discovery.kaust.edu.sa/en/article/989/filling-in-the-gaps-for-future-solar-cells   
CIGS  Copper-indium-gallium-diselenide cells talked up: www.idtechex.com/emails/11922  

Night-time solar Alternative PV concept - the earth 
as a heat source & the night sky as a heat sink - see left:  

https://earthsky.org/human-world/solar-power-photovoltaic-production-at-night 

Underwater PV  < New sites > 
https://physicsworld.com/a/wide-band-gap-
semiconductors-could-harvest-sunlight-underwater/  

Floating Alpine array   

 
Floating barges with solar  
panels on a Swiss alpine reservoir: 
https://webgate.epa.eu/?16634349628007773501&MEDIANUMBER=55643318 
 

CSP Concentrated Solar Power  
There are some giant focused solar  
thermal projects, e.g. UAE’s 500/ 
250 MW CSP/PV Noor Energy 1:  
www.energylivenews.com/2020/05/15/worlds-largest-concentrated-solar-plant-progresses-despite-covid-19 
But CSP hasn’t done as well as PV so far, & there are environmental issues: 
www.popularmechanics.com/science/a32945164/concentrating-solar-power-plants/  
IEA says try harder: www.iea.org/reports/tracking-power-2020/concentrating-solar-power-csp#abstract 
CSP design upgrades: www.greentechmedia.com/articles/read/can-nrels-fault-finding-study-help-csp-survive 
 

PV though is the clear winner - heading for ever lower unit costs below $0.01/kWh by 2040 or earlier:   
https://reneweconomy.com.au/the-future-of-solar-power-from-unbelievably-cheap-to-insanely-cheap-77615    See our front page 
Can home PV compete with utility scale PV?  In most places it’s 5 or more time more expensive/MWh, mainly due to economies of 
deployment/finance scale: www.lazard.com/media/450773/lazards-levelized-cost-of-energy-version-120-vfinal.pdf But that may 
change: https://100percentrenewableuk.org/is-domestic-solar-nearly-as-cheap-as-big-solar-lessons-from-australia-and-uk 
 
 

Eco-Impacts  PV recycling https://grist.org/energy/solar-panels-are-starting-to-die-what-will-we-do-with-the-megatons-of-toxic-trash/ 
PV aids biodiversity www.pv-magazine.com/2019/11/21/solar-parks-help-biodiversity-by-recreating-pre-industrial-soil-conditions/ 
Desert solar impacts avoided:  https://pv-magazine-usa.com/2020/01/13/a-desert-solar-farm-can-actually-improve-desert-tortoise-habitat 
 

Solar farm design aid https://ukerc.ac.uk/news/managing-solar-parks-for-nature-delivering-to-the-climate-and-ecological-emergencies/ 
Better cell design  https://reneweconomy.com.au/checkerboard-solar-cell-design-could-boost-output-and-make-panels-much-cheaper-70182/ 
And finally- a ‘solar fuel’ device www.cam.ac.uk/research/news/wireless-device-makes-clean-fuel-from-sunlight-co2-and-water 

                         
      Thermo radiative solar/radiative cooling 

 

                        PV gains & review  
                                     The Covid 19 lockdowns led  
                                      to cleaner air & a boom in PV  
                                      output. A BBC review of                  
             options for higher efficiency     
             said ‘the Shockley-Queisse            
             limit marks the maximum     
         efficiency for a solar cell made from just one               
         material, and for silicon this is about 32%.   
         However, combining 6 different materials into 
         what is called a multi-junction cell can push  
         efficiency as high as 47%.’ Well sort of, and as                  
         it says, focusing can also help, but low-cost cell  
         materials may be best, even if low efficiency-  
         if big areas can be used:  
             www.bbc.co.uk/news/business-51799503 

 

PSC Perovskite 
4- layer roll-to-roll 
printed cell, with 
12.2% efficiency 
in lab, the best yet.   

www.eurekalert.org/p
ub_releases/2020-
07/su-ref070820.php  
 

 
  
Solar in space PV arrays in orbit, microwaving 
power to earth. A new review of an old idea: 
www.tandfonline.com/doi/full/10.1080/01430750.2018.1472642  
  

 
 

Fish farming under PV array 
                           in China- Getty 
         

 
https://reasonstobecheerful.world/n
ext-generation-solar-farm-
pollinators-crops-grazing/  and 
https://marketscale.com/industries/
energy/how-sheep-are-increasing-
the-sustainability-of-solar-energy/ 
  

Solar cooling www.treehugger.com/paint-
passively-cool-buildings-5083659  PAINT 
 

 

New Hybrid PV-T 
https://techxplore.com/news/2020-07-scientists-high-
performing-hybrid-solar-energy.html 
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4. Water power        Wave Power 
Still struggling to get to scale, but wave projects carry on 
like Ecowave’s on shore system (see right) at Gibraltar, & 
the Wave roller off Portugal: http://aw-energy.com/waveroller/ 

 
Tidal power is doing better with 
the UK-French Tiger consortium 
backing a range of projects, like the 
big Atlantis/ Meygen sea-bed mounted 

turbines (see 
right), Orbital’s 
2 MW floating unit (left) and Minesto’s 
‘Deep Green’ Tidal kite-above: 
www.theengineer.co.uk/tiger-tidal-stream-project 
Overall global wave & tidal energy is 

still small, with only ~ 500 MW in place including tidal 
barrages, but talking it up, Ocean Energy Systems said 
cumulative wave & tidal stream out   put ‘surged from less than 
5 GWh in 2009 to 45 GWh in 2019’, a 10-fold rise in 10 years: 
www.maritimejournal.com/news101/marine-renewable-energy/huge-rise-in-wave-
and-tidal-energy-production 
Well yes, but from a  
very low level.. 
 

Hydro still the largest single renewable source (1.2 TW) but suffering from climate change:  
www.renewableenergyworld.com/2019/06/25/too-much-water-or-too-little-hydropower-fights-wild-weather/ and eco-impact 
issues. Smaller run-of-the-river projects may be better. And new Natel turbines may reduce fish impacts: 
www.bbc.com/future/article/20200713-the-most-powerful-renewable-energy while pumped hydro storage has balancing 
attractions: www.energy-storage.news/blogs/pumped-hydro-electricity-storage-is-making-a-comeback-in-india-and-the-worl 
Alpine lakes: www.ge.com/news/reports/pump-it-how-alpine-lake-became-massive-battery-ready-feed-grid-moment’s-notice 
Dams can also play a role in limiting sea level rise: www.bbc.co.uk/news/science-environment-53836018 
 

5. Earth Power  Deep heat 
Geothermal power Generation from 
underground strata is expanding, to 13 GW+ of 
power (right) and 25 GWth heat, also with CHP co-
gen options, but we must try harder says IEA: 
www.iea.org/reports/tracking-power-2020/geothermal#abstract 
We can use the earth for other things 
too, but there are eco-limits   
Earth sources & sinks  
Non-energy material resources 
http://sdg.iisd.org/commentary/guest-articles/why-we-
need-a-new-normal-for-production-and-consumption  
Seabed minerals - a new source? 
https://sustainabilitycommunity.springernature.com/channels/2901- world-
oceans-day-2020/posts/deep-sea-mining-the-potential-convergence-of-
science-industry-and-sustainable-development 
Slow Carbon sink: CCS by Rock weathering/Soil 
basalt dusting www.nature.com/articles/d41586-020-02001-4 and 
www.popularmechanics.com/science/environment/a32799266/green-sand-carbon-dioxide-climate-change/  
Afforestation for medium term natural CCS: www.ukerc.ac.uk/publications/afforestation-energy-demand.html     
Micro-option: www.weforum.org/agenda/2020/07/tiny-urban-forests-miyawaki-biodiversity-carbon-capture     
Farming https://europeansting.com/2020/08/04/how-carbon-smart-farming-can-feed-us-and-fight-climate-change-at-the-same-time/ 

 

Tidal Power  
Europe is a world leader in tidal 
capacity, and its tidal stream 
projects generated 50% more 
power in 2019  
than in 2018,  
says Ocean  
Energy Europe.  
EU tidal stream 
capacity rose in 
2019 to a total  
of 28 MW- 
almost 4 times  
as much as the  
rest of the world: 
www.maritimejournal.com/news101/marine-
renewable-energy/european-tidal-power-
generation-jumps-50 
 

Kite 

 
        

Simec Atlantis 
 

             The Cor-Power Ocean ‘wave boost’         
              review, seeking to upgrade plant efficiency: 
                  www.businessgreen.com/news/4013784/waves-eu-funded-wave-
energy-trial-delivers-cost-efficiency-advances  
and this £1.4 Apollo scheme in Aberdeen: 
www.energyvoice.com/otherenergy/252542/apollo-engineering-to-share-in-1-4m-
wave-power-efficiency-funding A useful IoP wave power overview: 
https://physicsworld.com/a/turning-water-into-watts/ 
Hope for progress: www.greentechmedia.com/articles/read/is-wave-
energy-ready-to-climb-out-of-the-valley-of-death-for-new-technologies 
 

 

Another tidal system 
from Hydrowing  

 
https://hydrowing.tech/ 

 

 

 

POST- UK marine energy review 
https://post.parliament.uk/research-briefings/post-pn-0625/ 

 

w
w

w
.ren21.net/reports/global-status-report/ 

 

Low Temp systems 
www.forbes.com/sites/mitsub
ishiheavyindustries/2020/02/
26/this-new-mexico-power-
plant-uses-geothermal-
energy-in-a-new-way-
video/#4e775c2f35fc 
 

 

Slower 
Trees 
www.theguardia
n.com/environm
ent/2020/sep/08/
shorter-lifespan-
of-faster-
growing-trees-
will-add-to-
climate-crisis-
study-finds 
 

Seagrass 
www.ecowatch.co
m/seagrass-
conservation-
climate-change-
2647411748.html 
 

 
Carbon Capture & Storage 
Underground storage of CO2 captured from 
the air is seen as costly & too far off to help: 
www.nature.com/articles/s41558-020-0823-z.epdf    
But CCU might work later on: www.iea.org/fuels-
and-technologies/carbon-capture-utilisation-and-storage 
 

Wave 
roller 

Blue Star 
Edinburgh 
Wave test 
www.energyvoice.co
m/renewables-energy-
transition/247094/ne
w-wave-of-work-for-
fife-fabricator-ajs/ 
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6. Bio-power and syn-fuels 
Biomass a huge resource, but we have to use 
it carefully. Biofuels for vehicles have major 
land-use/eco-impact issues and burning them 
generates net CO2 even if they are replaced/ 
replanted fast. Biogas from wastes is a power 
option- no new land use. 10% of EU gas could be 
renewable gas (biomethane/synthetic hydrogen): 
www.euractiv.com/section/energy-environment/news/industry-calls-for-10-
renewable-gas-target-in-europe/  
A UK take on it: www.sgr.org.uk/resources/bio-methane-
sustainable-future-gas 
Food waste AD challenged:  https://phys.org/news/2020-
09-reveals-anaerobic-digestion-undermine-uk.html                                
And burning trees for power generation is bad! 
www.stand.earth/latest/forest-conservation/primary-forests/risky- 
business-canada-props-wood-pellet-export-false  

BECCS? some see Biomass energy + Carbon 
Capture & Storage as viable (see chart left), but 
it would need large-area biomass growing and 
large volume CO2 storage. However, some say 
that not all the eco-impacts will be bad: 
https://ukerc.ac.uk/news/finding-the-win-wins-for-bioenergy-
with-carbon-capture-and-storage-beccs-as-we-move-to-net-
zero-for-the-uk-at-least-size-matters But it’s site specific: 
www.carbonbrief.org/guest-post-where-in-the-uk-might-be-
suitable-for-beccs  

Direct Air Capture avoids biomass use, but it also has issues: www.bbc.co.uk/news/science-environment-53891414  
  

Power to X - green power to 
synthetic-gas/liquid conversion   
The last year or so has seen the P2X idea 
blossom. Surplus renewable power can 
be converted via the electrolysis of water 
to hydrogen, and that can used direct as 
a fuel or converted to synthetic methane, 
methanol, ammonia etc. for multiple uses 
- heating, transport and grid balancing.  
In effect P2G and P2L give us a flexible 
and storable range of synthetic biofuels/ 
gasses, without the land use problems of 
biomass. The conversion processes do 
involve energy losses, but then so did the 
traditional approach of converting 
primary fossil (and nuclear) fuel into 
electricity. As White and Kramer nicely put it ‘the 
difference is that today, energy conversion losses (and the 
prime difference between total Primary Energy Supply and 
Total final consumption) comes from fuel-to-power losses, 
whereas in the future, it will come from power-to-fuel 
losses’: www.cell.com/one-earth/fulltext/S2590-3322(19)30220-9 
P2X will be vital for system integration- see later. And 
P2G hydrogen costs are falling- see chart right. 
 

Some say that synthetic ‘blue’ hydrogen made from fossil gas should not be used for heating, but neither 
should green P2G hydrogen, since it’s a poor use of renewable power compared to using heat-pumps: 
https://100percentrenewableuk.org/alarm-politicians-are-being-hoodwinked-by-gas-industry-to-back-hydrogen-for-domestic-heating  
But will the power grid be able to supply enough energy to run heat pumps to meet the huge heating load usually met by gas? 
Another synfuel option - CO2 catalysis magic: https://phys.org/news/2020-08-electrocatalyst-carbon-dioxide-liquid-fuel.html   
Also robo-kelp: www.fastcompany.com/40458564/could-these-robotic-kelp-farms-give-us-an-abundant-source-of-carbon-neutral-fuel 

 

 

 
www.energy.gov/sites/prod/files/2014/08/f18/fcto_2014_electrolytic_h2_wkshp_harvey1.pdf   

 

 

w
w

w
.ren21.net/reports/global-status-report/ 

 

 

 
  

 CO2  removal 
 

BECCS beats trees?  
best?  
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7.  Integration  Power balancing, storage, heat & energy saving   
Integration https://innovationorigins.com/dutch-initiative-to-prevent-overloading-of-the-grid-with-hydrogen-buffers-and-curtailment/ 
Hydrogen www.euractiv.com/section/energy/news/from-hydrogen-islands-to-hydrogen-valleys/ and 
www.businessgreen.com/news/4013840/future-lies-hydrogen-siemens-uniper-forge-green-hydrogen-partnership 
Power to Grid balancing- P2G conversion www.vox.com/energy-and-
environment/2020/3/28/21195056/renewable-energy-100-percent-clean-electricity-power-to-gas-methane  
Inertia https://theconversation.com/fully-renewable-electricity-could-destabilise-the-grid-but-old-coal-plants-may-have-a-solution-133385  
New Lithium Ion battery  
New materials for anodes (Silicon) 
/cathodes (layered Nickel):                              
www.idtechex.com/en/research-article/where-is-li-ion-technology-heading/20542               
Sodium batteries https://phys.org/news/2020-07-lithium-sodium-batteries.html  

Diamonds are forever www.energylivenews.com/2020/03/24/diamond-batteries- 
could-offer-decades-worth-of-energy UK micro battery. A US idea for larger units:          
 www.energylivenews.com/2020/09/02/us-startup-unveils-battery-made-from-nuclear-waste-that-could-last-up-to-28000-years 
Long life batteries for EVs https://grist.org/energy/million-mile-batteries-are-coming-are-they-really-a-revolution 
V2G https://theconversation.com/the-uk-plans-to-build-huge-batteries-to-store-renewable-energy-but-theres-a-much-cheaper-solution-143053 
Smart Brick capacitors https://edition.cnn.com/2020/08/12/world/smart-bricks-energy-storage-solution-scn/index.html  and MGA 

Blocks https://theconversation.com/aussie-invention-could-save-old-coal-stations-by-running-them-on-zero-emissions-lego-blocks-144864 
Thermal storage www.greentechmedia.com/articles/read/storing-energy-in-the-freezer-long-duration-thermal-storage-comes-of-age 

Heat & power balances The right mix is still unclear, but in the one mix below left, from the 
Energy Systems Catapult’s ‘Innovating to Net Zero’ study, electric heat pumps supply most heat - 
hydrogen & CHP/district heat networks, not so much, though of course there are  
devotees of both. See sample below. https://es.catapult.org.uk/reports/innovating-to-net-zero/                                       

 
Hydrogen EU Roadmap…  

 
www.fch.europa.eu/news/hydrogen-roadmap-europe-sustainable-pathway-european-energy-transition                     …Efficiency/cycling 
We always need energy efficiency https://climatenewsnetwork.net/efficient-energy-cuts-uk-electricitys-carbon-output/ 
Energy saving creates jobs www.bbc.co.uk/news/business-52999337 and smart micro systems help cut demand  
Energy harvesting  micropower wearable tech: www.idtechex.com/en/research-article/self-charging-medical-devices/20676 
Materials harvesting from electrical waste: www.bbc.co.uk/news/science-environment-53418758 All part of the cyclic economy 
 

Wasted food produces six times the amount of GHG as global aviation, says WRAP: 
www.energylivenews.com/2020/10/16/wasted-food-produces-six-times-the-amount-of-greenhouse-gas-emissions-as-global-aviation 

Power 2 heat 2 power Storing heat is easier than 
storing power, but Power-to-Heat-to-Power storage is 
usually seen as likely to be inefficient given PHPS’s 
multiple conversion losses. However, with recycling 
of the waste energy in a total energy system, including 
cooling, that may not be so. This Spanish study looks 
to a 12 year pay-back time for PV heat stores, less 
with heat pumps and/or direct solar heating added: 
www.sciencedirect.com/science/article/abs/pii/S0306261919316228  

 
 
 
 
 
 

Hydrogen ‘makes the large-scale integration of 
renewables possible because it enables energy 
players to convert & store energy as a renewable gas. 
It can be used for energy distribution across sectors 
and regions and as a buffer for renewables. It 
provides a way to decarbonize segments in power, 
transport, buildings, and industry, which would 
otherwise be difficult to decarbonize’. FCH 
  

Ammoniaihttps://100percentrenewableuk.
org/breakthrough-plant-to-enable-long-term-
storage-of-renewable-energy-using-ammonia 
andiwww.respectmyplanet.org/publications/fu
el-cells/zero-emission-ammonia-production-
from-green-hydrogen  

NH3 

DAYS- Long Duration Storage 
Pumped hydro, Liquid Air, Hydrogen, CAES  
https://cleantechnica.com/2018/12/02/what-long-
duration-energy-storage-is-why-it-kills-coal/  
 Hydrogen for a big EU change 

www.cleanenergywire.org/news/eu-plans-
completely-change-outlook-global-
hydrogen-economy-bloombergnef 
 

HVDC 
Supergrids 
For power 
trading and 
balancing 
www.irena.org/-
/media/Files/IRE
NA/Agency/Publi
cation/2019/Sep/I
RENA_Supergrid
s_2019.pdf   
  

Heat 
storage 
www.icax.c
o.uk/therma
l_energy_st
orage.html  

Forget aircon- for C19 
We need windows! 
https://theconversation.com/open-
windows-to-help-stop-the-spread-
of-coronavirus-advises-
architectural-engineer-142579 
 

Energy Internet 
www.mdpi.com/1996-
1073/13/16/4242/htm  

 

..with solar heat Best bet? 
www.sciencedirect.com/science/article/pii
/S0960148120310168  Beats heat pumps!   

Air Con 
Cooling 
https://grist.or
g/climate/air-
conditioning-
climate-
change-hfc/ 

Liquid Air 
www.bbc.co.uk/n
ews/business-
54841528 
 

 

 World’s biggest battery 
https://grist.org/energy/one-solution-to-californias-
blackouts-the-worlds-biggest-battery/ 
 

New storage media  
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8. Transport Electric vehicle debate rumbles on  Growth?  www.idtechex.com/emails/11990 
Not so much?  https://theconversation.com/electric-cars-wont-save-us-if-the-numbers-dont-add-up-economist-142765   
Stay with ICEs www.youtube.com/watch?v=NNRk4iGreSw&utm_source= 
No way! EVs OK www.bbc.co.uk/news/science-environment-51977625   
No they are not www.transportxtra.com/publications/local-transport-
today/news/65650/country-s-battery-electric-car-strategy-is-doomed-to-failure-/ 
BEVs v HEVs https://iopscience.iop.org/article/10.1088/1748-9326/ab8a85 
System issues https://theconversation.com/germanys-plan-for-100-electric-cars-
may-actually-increase-carbon-emissions-72997    
But EVs boom in China 
www.bbc.co.uk/news/business-51711019 
Buses too: www.idtechex.com/emails/11856 
Though hydrogen fueled vehicles may 
win out- see filling station pic right >  
Ships going green  
www.idtechex.com/emails/11542  
www.idtechex.com/emails/12015  
And fuel-less fight!! The Eather One aircraft ‘does not need fuel 
tanks or large battery banks’, since, once in high speed fight in the 
troposphere/stratosphere, it will generate electricity from friction 
with air molecules. Triboelectric nanogenerators built in the wings 
convert mechanical energy directly into electrical energy to power 
electric motors to drive air jets. But it would need power for take-off: 
https://robbreport.com/motors/aviation/business-jet-air-friction-power-2905135  See Right 
Amazing! But small Cessna mods & similar are what we have just now: 
www.energylivenews.com/2020/06/15/slovenian-electric-aircraft-becomes-world-first-to-receive-certification-by-european-
union-aviation and https://ca.news.yahoo.com/battery-electric-cessna-passenger-plane-120000906.html See right  
Also https://insideevs.com/news/446402/zeroavia-first-hydrogen-passenger-flight 
Though next, BAe’s blended wing Airbus (right) is on test: 
https://futurism.com/the-byte/test-jetliner-ride-wings But for advanced 
tech like this it may be slow going, with innovators, as ever, 
facing teething troubles. The prototypes of the Lilium Jet 
(above), with 36 ducted fans for vectored thrust flight, and also Eviation’s 
propeller-driven Alice (right), were destroyed by battery-related fires while on the ground. But work goes on: 
https://electrek.co/2020/03/02/first-electric-vtol-lilium-jet-prototype-goes-up-in-flames/                     
Or will trains win? www.euractiv.com/section/railways/news/planes-vs-trains-high-speed-rail-set-for-coronavirus-dividend/ 
Batteries best? www.treehugger.com/study-concludes-that-battery-powered-trains-will-be-35-cheaper-than-hydrogen-5072498  
China’s 600 km Maglev: https://news.cgtn.com/news/2020-06-21/China-s-600-km-h-high-speed-maglev-completes-trial-run-RvueeEECTm/index.html  
 

Electric Airships www.energylivenews.com/2020/08/17/jet-zero-takes-off-giant-helium-filled-airship-moves-toward-electric-propulsion/  

9. Nuclear It is still around & kicking. Some see the military link as a key driver: 
‘The US has well-defined defense needs that also depend on a healthy nuclear fuel cycle in the long-
term. There are currently two defense needs for uranium: low-enriched uranium is needed to produce 
tritium required for nuclear weapons, & highly enriched uranium is used to fuel Navy nuclear reactors.’ 
www.energy.gov/sites/prod/files/2020/04/f74/Restoring%20America%27s%20Competitive%20Nuclear%20Advantage_1.pdf 
But its problematic waste output makes it an odd choice for future of energy supply:   

https://thebulletin.org/2020/03/nuclear-waste-disposal-why-the-case-for-deep-boreholes-is-full-of-holes 
And will nuclear plants survive the climate changes likely for the UK elsewhere? 
www.vice.com/en_uk/article/akwayk/ons-nuclear-power-stations-climate-warning-uk 
Their cost also remains very high - though some say new small modular reactors will be better. And 
that, for example, GE Hitachi’s BWRX-300 will have many times greater economic return than wind & 
solar, by the time it’s ready for commercial deployment in the UK in maybe 2030: 
Solar - 15.5X: https://bwrx-300-nuclear-uk.blogspot.com/2020/05/fund-managers-with-424-million-to.html 
Offshore wind - 12X: https://bwrx-300-nuclear-uk.blogspot.com/2020/05/invest-90-billion-in-offshore-wind.html 
Onshore wind - 7.5X: https://bwrx-300-nuclear-uk.blogspot.com/2020/05/fund-managers-with-320-million-to.html 

All very optimistic: https://reneweconomy.com.au/small-modular-reactor-rhetoric-hits-a-hurdle-62196/  
Will it be possible to deploy large numbers of SMR’s to get unit costs down? 
Operating them in CHP mode would help their economics, but, given the safety and 
security issues, will residents accept them near or in cities for direct local heating? 
As for hydrogen production, which can be done anywhere, renewables look a better 
bet, e.g. using solar in desert areas and tanking/piping the gas to where it’s needed. 

Or on a smaller scale locally, using marginal-cost surplus wind/solar power. That would help balance 
variable renewables & arguably would make more sense than trying the make SMRs flexible. Though 
if you are very optimistic, how about mini fusion? https://futurism.com/mit-researchers-fusion-reactor-very-likely-work 

 
 

Polymer PV coated body adds 
up to 34km extra range: 
https://sonomotors.com   
 
 

 Wildest yet: solar space plane 
www.wired.co.uk/article/solar-flight-pt-ii-space 
But this electric VTO is real.. 

 

 

 A
ir  Taxi  Lilium

.com
 

 

 
SLUG? Rolls Royce 
SMR concept 
 

Nuclear-10% of 
global electricity 

   Alice 

 

Eather One  

Lilium Jet 
 

New Farm tech www.idtechex.com/emails/11976 

 

E
lectric T

rucks 
https://energyathaas.w

or
dpress.com

/2020/08/10/t
ruckin -california-style/ 

  

 
Sion
PV 
Car 
 

Airbus 

 

Natrium SMR 
https://world-nuclear-
news.org/Articles/TerraPow
er,-GEH-introduce-Natrium 
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10.  Conclusion - off we go? 
A recent WWF report, Keeping us Competitive, by Vivid Economics, 
suggested that transitioning the UK to net zero emissions could create 
at least 210,000 jobs in 2030 and 351,000 in 2050 from sectors such 
as green buildings, electric vehicles and power. It also calculated that 
the net zero transition could yield over £90 bn of annual benefits to 
the UK through improved health and living conditions, delivering 
economic gains that outweighed the costs: 
www.wwf.org.uk/sites/default/files/2020-06/Keepingus_competitive.pdf 
There have been many reports saying the same thing for the UK and 
elsewhere - a zero carbon renewable future is the way ahead.  The technology is ready. Solar 
powered flying may be a bit beyond us still (see above), but getting most of our energy from 
renewable sources is no longer a fantasy. The economics look excellent, with costs still falling: 
www.reuters.com/article/us-energy-renewables-costs-idUSKBN2390I8 and the political commitment seems to be 
building. Off we go? Maybe not instantly - there are still some issues & blockages. But soon. 
Storage is often portrayed as the key thing, and batteries certainly can be fine as buffers for short 
term balancing and frequency support. However, with power production from renewables getting 
so cheap, longer term storage may only be economic when there is no alternative real time supply 
or demand reduction option. A key economic issue is can storage technology get to the point 
(£1/kWh?) when it is possible to recover the investment cost of inter-seasonal storage - with big 
storage plants, then doing nothing for most of the year! A way to go on that. 
There are of course also other issues. The debate over biomass continues. Certainly burning trees 
for energy is bad news www.biofuelwatch.org.uk/wp-content/uploads/ROCs-factsheet-2020_compressed.pdf  And large 
scale Biomass CCS seems to something of a long shot, with major land-use and CCS viability 
issues. But AD biogas from some wastes may fit alongside synthetic P2G-derived green gas. That 
can help with balancing. So can hydro, pumped hydro storage especially, but there are still big 
eco-issues with large scale hydro and climate-related problems with its water supply.   
The Future - with green energy technology 
It’s risky making predictions, but, at a guess, it seems likely 
that PV solar will boom in the years ahead, with new cell 
technology helping: https://cleantechnica.com/2020/07/16/low-cost-
perovskite-solar-cells-breathing-down-the-neck-of-coal-fossil-gas-too including 
maybe some wild ideas: www.independent.co.uk/life-style/gadgets-and-
tech/news/sun-solar-energy-renewable-environment-a9628246.html   
Wind power will also boom, offshore floating systems 
especially. See DNV GL’s chart for planned projects - which 
has the US taking a lead! As noted above, it’s also possible 
that green gas, what some in the US call Renewable Natural 
Gas, will play a major role: https://grist.org/energy/is-renewable-natural-
gas-buildings-a-serious-alternative-to-electrify-everything-heat-pumps  
That includes P2G hydrogen, for power, heating & transport, 
with its storage possibly helping with demand balancing e.g. 
during long lulls in renewable supply. Liquid Air cryo-stores possibly too: 
https://cleantechnica.com/2020/07/23/this-simple-rule-change-unleashes-energy-storage-rager-upon-uk-
for-green-covid-19-recovery Long distance supergrids can also help with balancing.  
On the transport side, the best mix? It’s not clear yet, e.g. even when it 
comes to choosing between plug-in electric/hybrid electric cars: it depends 
on location/energy sources: https://iopscience.iop.org/article/10.1088/1748-9326/ab8a85  
And after the global Covid shut downs, who knows what will emerge in the 
transport area - and also in many other demand sectors.     

11. Renew on Line is a free bimonthly newsletter from 
NATTA, the Network for Alternative Technology and Technology Assessment, which was set up 
in 1976 as an independent information service, run by Dave Elliott & Tam Dougan. This annual 
review is produced in December each year. NATTA’s web site has links to back issues of Renew 
on Line and this Annual Review and to other info sources: https://renewnatta.wordpress.com 

 
A c1896 solar flying machine  

A c1896 solar flying machine 

 

 
 Planned floating offshore wind MW 
    DNV GL  
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Net Zero offsets 
Negative Emissions 
Techs and CCS are 
still being pushed 
hard, despite the 
drawback that they 
would need large 
amounts of CO2 
storage and, are a 
distraction from 
renewables/energy 
saving, the key long-
term answers to 
climate change.  


