
 1 

Renew 2021 
Annual Review of progress on renewable 
 

 
   www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020 
 

 
Source: REN21 annual review 2021 www.ren21.net/wp-content/uploads/2019/05/GSR2021_Key_Messages.pdf 
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They 
grow
! 

…but so does 
demand and 
fossil fuel use  
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Annual Review of progress on renewables 
 ‘Any country which does not take green energy very seriously, but clings to polluting 
energy, will eventually get left behind.’ Australian mining magnate, Andrew ‘Twiggy’ Forrest: 
www.ft.com/content/a37d0ddf-8fb1-4b47-9fba-7ebde29fc510 
‘Our Amazing Clean Energy Future Has Arrived - the evidence of a great green wave is now 
overwhelming. And it will only get better’: https://foreignpolicy.com/2021/01/23/clean-green-energy-future/ 
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1. Introduction 
Renewables will meet the bulk of our energy 
needs in the decades ahead. There are now many 100% renewable by 2050 scenarios, some for 
just power, some for all energy. The IEA’s scenario (see above) is one of the more cautious, with 
nuclear and fossil CCS still retained. But it does look at a case where this is not possible and says 
there would be a need for an extra 2,400 GW of wind & solar, as well as 450 GW more batteries 
being required to fill the gap in power supply in a non-nuclear non CCUS future - see below:  

 
Full review of the IEA plan: www.carbonbrief.org/iea-renewables-should-overtake-coal-within-five-years-to-secure-1-5c-goal 
Most of the 100% scenarios see the elimination of nuclear & fossil CCS as a goal not a problem! 
And, as the annual review below suggests, the technology should be there to achieve that. Yes, 
we must improve it all and breakthroughs/new ideas may help us move even faster, but we don’t 
need to start looking in fundamentally different directions - diverting effort to new nuclear/CCS: 
https://thehill.com/opinion/energy-environment/554605-no-we-dont-need-miracle-technologies-to-slash-emissions-we-already 
In what follows, we try to set the overall scene for the energy changes that are underway, and 
then look at progress in each of the key energy technology areas - all in 8 pages! 

Bitcoin, green 
engineering 
 

 

The IEA 
now says we 
can get to 
net zero 
carbon by 
2050, with 
renewables 
supplying 
90% of  
electricity, 
2/3rd of all 
energy. 
Others say 
we can do 
better than 
that. Either 
way, a key   
role for 
renewables. www.iea.org/reports/net-zero-by-2050 

The IEA’s 2,400 
GW more wind & 
PV doesn’t sound 
too hard. In its 
standard scenario, 
additions are at 
~1000 GW p.a. 
So it’s 2.5 years’ 
worth. But the 
IEA says it would 

be a lot more if 
green hydrogen 
was used or 
bioenergy could 
not be used.   
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Overview  A short history of energy & how we got to here:  www.waltpatterson.org/firetoelec.pdf 
Now the standard view seems to be that renewables & other green techs can get us to zero carbon 
But there are other views e.g. some says the potential pace of change has been over-estimated: 

 
https://am.jpmorgan.com/content/dam/jpm-am-aem/global/en/insights/eye-on-the-market/future-shock-amv.pdf 
Of course, you could say that these 
authors, in the context of the US, as well 
as those looking globally such as BP, 
Exon Mobil, IPCC, have all 
underestimated the potential for change. 
The IEA does seem to have broken ranks, 
though only a bit: see Box. However, 
though most oil company scenarios, like 
J.P Morgan, claim that fossil fuels will 
still be the main energy source in the future, they do accept that change will occur - but slowly. Either way 
though, there are choices to be made - with climate change being the main spur for action - alongside the 
falling cost of renewables!  
Choosing between the energy options Increasingly, the investment policy approach being 
taken at national and international government level involves exclusion of undesirable energy options, on 
the basis of ‘do no harm’ sustainability criteria, although getting political agreement, even over cancelling 
fossil fuel, can be a controversial process, as in the EUs still incomplete funding taxonomy exercise: 
www.euractiv.com/section/energy-environment/news/brussels-offers-eu-countries-greater-say-on-green-finance-taxonomy/   
It wasn’t just natural gas that was a problem, there were also issues with biomass: www.politico.eu/wp-
content/uploads/2021/03/31/Letter-to-European-Commission-on-EU-Taxonomy-Delegated-Act-March-20211.pdf 
And also with nuclear: www.euractiv.com/section/energy-environment/news/nuclear-faces-a-lot-of-uncertainty-as-eu-green-evaluation-looms/ 
It was initially excluded but now is subject to a new review, with views still at odds: 
www.euractiv.com/section/energy-environment/news/leak-eu-experts-to-say-nuclear-power-qualifies-for-green-investment-label/ 
and www.climatechangenews.com/2021/03/09/eu-lawmakers-threaten-veto-green-finance-rules-opposing-reasons/ 
However, gray areas like that aside, it does seem that, gradually, agreements are emerging  
around the world, as the IEA have now confirmed, fossil fuel is out: www.iea.org/reports/net-zero-by-2050. 
Though not without leaving some messes to resolve - with carbon capture seen by some as a way to stay in 
the fossil game a bit longer. To avoid backsliding and negative impacts, we need careful assessment of any 
carbon removal proposals: https://theconversation.com/climate-change-six-priorities-for-pulling-carbon-out-of-the-air-161689 
But we also need that for renewables - on the basis not just of cost, but also eco-impacts. Our brief reviews 
below of the key renewable and associated energy options include points on that. 

www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020 

J.P.Morgan’s Annual energy review  

IEA net-zero scenario compared to IPCC 1.5C pathway  
Much lower fossil fuel use = 120EJ in 2050 (184)  
Lower energy use = 344EJ (404)  
Higher wind/solar share = 70% (53%)  
Less CCS = 7.6Gt (8.4)                             Dr. Simon Evans 
Less BECCS = 1.9Gt (4.5)                        Carbon Brief 
https://twitter.com/DrSimEvans/status/1393153921070379009 

Costs 
have 
fallen 

..and based on 
IRENA’s 2020-23 
learning curve 
projections, they 
seem likely to 
continue to fall  
 

So capacity is 
likely to grow   
 

But which will 
grow the most? 
 

So far, it’s been 
wind & PV, and 
more seems 
certain. But not 
CSP IRENA 
thinks. Though 
who knows?  

Quick History 
www.thetimes.co.u
k/static/smart-
meters-energy-
revolution-history/ 
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2. Wind - bigger, better, with cost falls continuing  

 
Above: Estimates of median-scenario LCOE by region of the world www.nature.com/articles/s41560-021-00810-z      

Offshore wind spreads. The UK leads: www.bbc.co.uk/news/uk-scotland-57235239  
But there are projects off the EU, China, Japan, US, & 1.6 GW planned off S. Africa.  

Pictured right is the 2-rotor floating system that Spain’s EnerOcean wants to install 
off Gran Canaria in a 180 MWproject:www.windpowermonthly.com/article/1710948/spanish-firm-plans-
180mw-floating-offshore-wind-off-canary-islands Spain’s Saitec is also to install three 15 MW units 
on its ‘SATH’ swinging around twin hull concrete floating platforms https://saitec-offshore.com 
www.windpowermonthly.com/article/1719755/saitec-plans-pilot-three-15mw-floating-wind-turbines  See Near right 
Meantime, some older turbines are being repowered - replaced with new ones:  
https://electrek.co/2021/04/02/egeb-a-24-year-old-dutch-wind-farm-is-being-decommissioned-heres-whats-next/ Far right 
Blade recycling is better too: www.businessgreen.com/news/4031582/gamechanger-vestas-unveils-novel-wind-blade-recycling-technology 
Recyclable blades www.windpowermonthly.com/article/1726514/siemens-gamesa-produces-first-fully-recyclable-offshore-wind-turbine-blades 
..for use as Bike sheds www.designboom.com/design/denmark-repurposing-wind-turbine-blades-bike-garages-09-27-2021/  
3D printing www.windpowermonthly.com/article/1727594/ge-renewable-energy-trial-gamechanging-3d-printing-offshore-wind-turbine-nacelles 
Floating systems have huge potential: www.theguardian.com/environment/2021/aug/29/floating-wind-turbines-ocean-renewable-power 

Mini-wind Small devices have low efficiency, but may suit some niches - and avoid transmission losses 
O2 Arena www.theguardian.com/environment/2021/mar/12/o2-arena-to-install-mini-wind-turbines-that-can-harness-even-a-breeze 
Mini Savonious vertical-axis rotor Robust design but low efficiency: https://mashable.com/video/reinvent-wind-turbine/ 
Bladeless  www.theguardian.com/environment/2021/mar/16/good-vibrations-bladeless-turbines-could-bring-wind-power-to-your-home 
The Bladeless Vortex vibration device developed in Spain has been around for a while - and raised a lot of 
finance. It’s now being promoted for urban contexts. But how would its economics fare, given its already low 
energy output/conversion efficiency, in the typically low wind speeds there? For demolition of the whole idea see: 
www.youtube.com/watch?fbclid=IwAR19UfLdR7apzL7mQhRRkzYxpyW95cjxA0hObQ02rOxBmue702UXuFyz0SY&v=r9VjJ1e1nIY&feature=youtu.be 
Another quirky design: www.theguardian.com/environment/2021/jun/02/flower-power-how-one-company-is-beautifying-the-wind-turbine 

But big machines are winning - maybe 17 MW by 2035 www.nature.com/articles/s41560-021-00810-z 

 
Impact issues - not too close to human habitation > 
https://energyathaas.wordpress.com/2021/04/26/finding-homes-for-wind-and-solar/ 

  
 

                                                                                                                                                                              
 
 
 

 

 

..which is why offshore wind has attractions. Some say 
vertical axis turbines are best- 15% more power claimed. 
See pic left: www.brookes.ac.uk/about-brookes/news/vertical-
turbines-could-be-the-future-for-wind-farms/ and 
www.sciencedirect.com/science/article/pii/S096014812100344X   

Lighter floating devices: 
www.energylivenews.com/2021/05/25/fl
oating-wind-turbines-go-on-a-diet/ 

 
 

117 x 1MW floating 
windcatcher array 
 

www.windpowermonthly.com/article/17
18312/floating-multi-rotor-wind-prices-
to-compete-fixed-bottom Storm proof? 
www.facebook.com/DigitalTrends/video
s/1001676560621803 

Reducing impacts of on-land wind on birds & 
bats www.bbc.co.uk/news/business-57176807 

But offshore wind also has issues https://ukerc.ac.uk/news/net-
zero-and-net-gain-the-environmental-challenges-of-upscaling-marine-renewables 

 

 

 

https://theconversation.com/offshore-wind-turbines-could-number-30-000-by-2030-new-ideas-in-ocean-engineering-are-needed-to-install-them-162618 
And it’s not just about the environment - it’s about jobs too:www.lrb.co.uk/the-paper/v43/n14/james-meek/who-holds-the-welding-rod 
 

 

Wind total 
743GW globally 

 

Offshore Wind 
Dramatic video: 
https://bbc.in/3gRxzCU 
 

How they survive 
offshore storms:  
www.popsci.com/environme
nt/wind-turbines-during-
hurricanes/ 
Hydrogen pipes 
not grid links? 
https://100percentrenewableu
k.org/could-green-hydrogen-
solve-problems-with-
building-electricity-
interconnectors 
 

Too close? 

Too B
IG

 too fast? O
r even larger?  

w
w

w
.bbc.co.uk/new

s/business-58704792 &
 

 w
w

w
.youtube.com

/w
atch?v=w

r7Q
Z364jPY
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3.  Solar Growth Underestimated www.nature.com/articles/s41558-021-00998-8  
www.theguardian.com/australia-news/2021/apr/25/insanely-cheap-energy-how-solar-power-continues-to-shock-the-world 
Solar’s sustainability assessed www.treehugger.com/is-solar-energy-renewable-5179476 
Flexible PV https://mashable.com/video/paperthinsolar-panels-printed-with-conductive-ink/  
Perovskite production https://techxplore.com/news/2021-05-firm-cutting-edge-solar-energy.html 
29.5% efficient cells www.upi.com/Science_News/2021/08/17/perovskite-silicon-solar-cells/4141629210805   
Floating solar https://theconversation.com/floating-solar-farms-could-cool-down-lakes-threatened-by-climate-change-157987 
Solar pavements www.theguardian.com/environment/2021/apr/29/barcelona-installs-spains-first-solar-energy-pavement 
Malta too: www.energylivenews.com/2021/05/18/malta-paves-the-way-for-solar-walks Motorway www.facebook.com/wcco4climate/videos/854698912135275 
PV mobile home! www.globalconstructionreview.com/solar-powered-mobile-home-does-not-need-fuel-or-wired-charging/ 
Agro-solar www.anthropocenemagazine.org/2021/01/on-a-mere-1-of-farmland-solar-panels-could-provide-20-of-us-electricity/ 
However, there are land-use issue with large solar farms and  
desert arrays. Putting it on roof tops is a much better idea  
wherever possible. Though not everyone likes the look of the  
current cells. So coloured tile-type cells have been developed,  
though there have been problems with Telsa’s Solar City: 
www.theverge.com/2021/4/26/22404639/elon-musk-tesla-solar-roof-mistakes-cost-price-increase  
PV arrays in space with microwave beams avoid most land use issues! Very costly! And at best far off. 
Though ‘the unique advantage the solar power satellites have over any other 
source of power is global transmissibility. You can send power to Chicago & a 
fraction of a second later, if you needed, send it instead to London or Brasilia.’  
https://edition.cnn.com/2021/02/23/americas/space-solar-energy-pentagon-science-scn-intl/index.html 
and www.inceptivemind.com/caltech-space-based-solar-power-project-provide-earth-limitless-energy/20476  

But PV on 
the ground 
is here, now 
& growing 
fast. LUT 

says small + 
big PV could  
deliver 76% 
of global   
energy by  
2050, as left.  

    
 

https://reneweconomy.com.au/solar-could-deliver-76-per-cent-of-global-energy-needs-new-study-says/  Also see p.2   

 
PV moves globally 
Denmark’s Ørsted  
builds its first utility - 
scale solar (40 MW) plus  
battery project, in the US.  
https://electrek.co/2021/05/04/orsted-is-first-in-us-
to-operate-solar-wind-and-storage-at-utility-scale/ 

 

PV Prospects  Cost have fallen dramatically but some critics says system/material costs may increase:  
Waste recycling will add to costs https://michaelshellenberger.substack.com/p/why-everything-they-said-about-solar  He’s a nuclear buff.. 
Polysilicon costs rising https://oilprice.com/Alternative-Energy/Solar-Energy/Soaring-Solar-Costs-Could-Slow-The-Renewable-Boom.html 
More positively, new cells mean higher efficiency https://physicsworld.com/a/sunny-superpower-solar-cells-close-in-on-50-efficiency/ 
1000 x more power? https://techxplore.com/news/2021-07-solar-cells-layer-crystals-thousand.html  
PV from sand  www.inceptivemind.com/maana-electric-terrabox-turns-sand-electricity-solar-panels/20389           
PVas energy saver https://energyathaas.wordpress.com/2021/07/12/is-rooftop-solar-just-like-energy-efficiency/ 
PV-H www.rechargenews.com/energy-transition/very-disruptive-direct-solar-to-hydrogen-commercially-viable-by-2030-says-oil-group-repsol/2-1-1056771 

 

 

Solar Mountain 
 

 
 

Architects are getting 
inventive with solar 
designs, as with this one 
for Burning Man’s Fly 
Ranch in Nevada: 
https://mymodernmet.com/solar-
mountain-nudes/  
 

 

More Californian sun 
Sonoran West is to build 
a $550 m, 2,000 acre 350 
MW Crimson Solar 
Project, with a 350 MW 
battery storage	system: 
www.reuters.com/business/energy/
us-approves-massive-solar-project-
california-desert-2021-05-03/ 
 Concentred Solar Power 

CSP/Desertec overview www.youtube.com/watch?v=7OpM_zKGE4o 
Focussed solar-thermal CSP is still in the game, despite PV 
getting cheaper. A global market survey looked to a $7bn 
market by 2027, with parabolic troughs dominating. The use 
of molten salt heat stores gives it an edge over PV - it can 
supply power 24/7 without costly batteries. But it’s expensive: 
www.prnewswire.com/news-releases/concentrated-solar-power-market-to-hit-7-billion-by-
2027-says-global-market-insights-inc-301247015.html 
High Temperature CSP https://bigthink.com/surprising-
science/startup-backed-by-billionaires-superhot-solar-power 
Solar Heat Collection isn’t far off PV in capacity     
terms, with nearly 500 GW(th) of roof top solar collectors 
 widely used for hot water & space heating. And 
 solar heat storage can be done well at large scale: 
 https://celsiuscity.eu/thermal-energy-storage/ 
 

760 GW 
world total 

Smart Flower’s sun tracking/unfolding 2.5kW PV 
petal has been around for a while. It’s good corporate 
testimonials suggest it’s good for selling the idea of 
solar- educative sculpture that also generates power.  
   www.facebook.com/smartflowersolar/videos/285738225140718 

 

‘Make a solar statement with the sculptural, 
 intelligent Smartflower’  https://smartflower.com/  
OK for homes too. But it’s costly at $25-30k,  
complex- and you only get a 5 year warranty.. 
www.solar.com/learn/smartflower-solar-comprehensive-review/    

 

UK Constraint call 
on Solar Farms 
www.thegwpf.com/con
tent/uploads/2021/05/S
olar-Farms-
UKPlanning.pdf 

 

 

Local v Grid power 
https://energyathaas.wordpress.
com/2021/07/26/will-investing-
big-in-distributed-solar-save-
us-billions/ 

Solar Absorptioni 
chiller www.jase-
w.eccj.or.jp/technologies/p
df/office/O-16.pdf 
 

 PV-Thermal www.pv-
magazine.com/2021/03/19/pv
-thermal-technology-earns-
tick-of-approval-from-iea/  

 

HybridiwindPViwww.strath.ac.uk/work
withus/cop26/innovationshowcase/sustainable
world/aerosolardekhouseandbuildingsystem/ 
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4. Wave and Tidal Power   
Tidal overview https://interestingengineering.com/the-
future-of-green-might-be-the-deep-blue-sea  A 100 GW resource? 
Orbital’s 2 MW floating device - first pic right. 
www.bbc.co.uk/news/uk-scotland-tayside-central-56818538 
www.youtube.com/watch?v=pdxjlRFjNLU  Isle of Wight next? 

The Meygen turbines, in Pentland Firth, have been in for a refit - see 2nd pic above.  
Canada Sustainable Marine Energy tidal stream project: www.sustainablemarine.com/grand-passage 
Tidal powered EVs www.ecowatch.com/electric-vehicles-tides-scotland-2651203390.html 
Wave Wave swell New Australian Oscillating Water Column device - pic left:      
www.theguardian.com/australia-news/2021/feb/02/remote-tasmanian-island-to-be-powered-by-blowhole-energy-that-harnesses-
waves and https://m.facebook.com/story.php?story_fbid=10159794910172275&id=7155422274&anchor_composer=false 

UK University wave R&D:  https://renews.biz/67396/uk-universities-unlock-wave-power-potential/ 
Handy Guide:  www.enelgreenpower.com/learning-hub/renewable-energies/marine-energy/wave-energy 
Osmotic energy: https://bigthink.com/technology-innovation/membrane-osmotic-energy 

Hydro A very big source, but with big impacts http://www.ecowatch.com/damming-rivers-2650878589.html 

  

Hydrogenihydro:www.thyssenkrupp.com/en/stories/sustainability-and-climate-protection/fits-perfectly-hydropower-and-green-hydrogen 

5. Biomass  Another big source but also with big eco-impact issues: 
www.politico.com/news/magazine/2021/03/26/biomass-carbon-climate-politics-477620 and  
www.euractiv.com/section/biomass/news/win-win-or-lose-lose-eu-scientists-highlight-two-faced-bioenergy-policies/  
Cars? US biofuel supplies dwindle - they are a bad use for land in any case:  
www.reuters.com/article/us-usa-energy-feedstocks-graphic/u-s-renewable-fuels-market-could-face-feedstock-deficit-idUSKBN2BW0EO 
  

Aviation? Despite land use issue, some look to biofuels, 
though they may need a high carbon price to get going: 
https://about.bnef.com/blog/sustainable-jet-fuels-need-high-carbon-price-to-compete  
All in all, there are a lot of constraints on biomass, though 
food/farm waste AD biogas is a power generation option: 
https://theconversation.com/we-could-power-households-from-the-scraps-in-our- food-waste-bins-heres-what-is-stopping-us-165694 
And biomass does trap CO2! 
Biochar: https://phys.org/news/2021-08-biochar-product-mitigate-climate.html 

6.  Carbon removal Swept under the carpet?  
Overviews: https://chinadialogue.net/en/climate/vacuuming-co2-least-bad-climate-engineering-option/ 
and https://thefifthestate.com.au/urbanism/climate-change-news/whats-the-truth-about-carbon-capture-and-storage/ 
CCUS: www.idtechex.com/en/research-report/carbon-capture-utilization-and-storage-ccus-2021-2040/802 
CO2 removal: http://lc3m.org/wp-content/uploads/2021/02/REPORT-What-people-think-about-Carbon-Dioxide-Removal_2021.pdf 
Big CCS fail www.upstreamonline.com/energy-transition/blow-for-ccs-chevrons-giant-carbon-capture-project-falling-short-of-targets/2-1-1041696 
Climeworks ‘DAC for all’: https://climeworks.com/earth-day                        ORCA >  
https://grist.org/article/carbon-capture-a-critical-tool-in-the-climate-restoration-toolbox/ 
Orca project in Iceland:  https://climeworks.com/orca-4000ton-dac-facility It needs power!  
DAC not viable: www.anthropocenemagazine.org/2021/03/the-direct-air-capture-debate/ 
DAC has to sell CO2 to pay: www.cnbc.com/2021/03/06/why-companies-in-carbon-removal-tech-struggle-to-pay-for-it.html 
BECCS & drought: www.newscientist.com/article/2270227-carbon-negative-crops-may-mean-water-shortages-for-4-5-billion-people/ 
Ocean NETS: CO2 captured & stored in the sea: www.frontiersin.org/articles/10.3389/fclim.2021.576294/full 
Land restoration Can and should it be done on a very large scale? Turning deserts green? 
www.theguardian.com/environment/2021/mar/20/our-biggest-challenge-lack-of-imagination-the-scientists-turning-the-desert-green 

Solar geo-engineering Climate interventions that reflect sunlight. 
Aerosol injection in the stratosphere & cloud seeding to make them whiter can have 
attractions. But the direct earth cooling effect may only be 
temporary, while wider, longer term, impacts may not be: 
https://grist.org/article/report-its-time-for-the-u-s-to-research-solar-geoengineering/  
and www.ehn.org/amp/geoengineering-climate-injustice-2653294958   
Better www.theguardian.com/environment/2021/apr/15/whitest-ever-paint-could-help-cool-heating-earth-study-shows 
Green Chemistry Electrochemical Capture & Storage of CO2 as CaCO3: 
www.pv-magazine.com/2021/03/30/australian-scientists-remarkable-renewably-powered-carbon-capture-breakthrough/  
Photothermal conversion of CO2 to CH4: https://discovery.kaust.edu.sa/en/article/1078/hot-electrons-send-co2-back-to-the-future 
 

Cut Methane too CH4 is linked to 30-50% of global warming: www.bbc.co.uk/news/science-environment-58174111 

 

 

 

Giant projects like the 4.2 GW Hoover dam and 6.8 GW Grand Coolie Damn 
involved huge efforts to build: www.youtube.com/watch?v=n9Gy_1Ppw5U   and 
www.youtube.com/watch?v=BU4qw9zYX9Y We may not do that again - though China 
may: www.dailystar.co.uk/news/world-news/fears-chinas-construction-worlds-biggest-24216235 
However, smaller run-of-the river projects are less environmentally invasive: 
https://energyeducation.ca/encyclopedia/Run-of-the-river_hydroelectricity 
But they don’t have the balancing power of large reservoir-based pumped storage. 

 

 

 

 Geothermal power from deep down  
www.bbc.co.uk/news/business-55885086 
Pump free: https://newatlas.com/energy/bp-chevron-
eavor-geothermal-loop/ 
In Kenya: www.bbc.com/future/article/20210303-
geothermal-the-immense-volcanic-power-beneath-our-feet 
EU:http://www.euractiv.com/section/energy/opinion/europ
ean-technology-unlocking-deep-geothermal-energy-for-all/ 
Mine water: www.bbc.com/future/article/20210706-
how-flooded-coal-mines-could-heat-homes 
Cheaper: www.imperial.ac.uk/news/223633/geothermal-
energy-could-cheaper-access-thanks/ 
 

Greening farms- 
www.youtube.com/watch?v
=y8-N_UuB3dk  NFU view 

Vertical forests 
www.facebook.com/EcoWatch/vide
os/308225844013795 in Milan  
 

Global Water power  
 Wave & tidal <1GW             
        Hydro 1.2TW  

Agroecology 
www.soilassociation.org/causes-
campaigns/a-ten-year-transition-to-
agroecology/what-is-agroecology 
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7. Energy Storage Utility battery capacities  
are growing, with 1.2 GW projects emerging, but what  
matters, in comparing them to other types of power backup, is 
not the MW but how long they can deliver MWh outputs: 
www.theguardian.com/australia-news/2021/feb/05/worlds-biggest-battery-with-1200mw-capacity-set-to-be-built-in-nsw-hunter-valley-australia 
100-hour Iron battery https://cleantechnica.com/2021/07/24/form-energy-reveals-iron-air-100-hour-storage-battery/ 
Better Battery tech www.energylivenews.com/2021/01/28/eu-supercharges-battery-tech-research-by-e2-9bn 
Lithium batteries 98% cheaper www.economist.com/graphic-detail/2021/03/31/lithium-battery-costs-have-fallen-by-98-in-three-decades  
Better Li Ion cells www.independent.co.uk/life-style/gadgets-and-tech/batteries-electric-cars-lithium-ion-b1925576.html 
Li Shortages www.energystoragejournal.com/starved-of-lithium-ion-batteries-alternatives-urgently-needed-for-stationary-storage-says-report/  
Sodium Ion battery www.energystoragejournal.com/catl-launches-sodium-ion-battery-on-voyage-to-industrialization 
Hydrogen  Stored in Magnesium Hydride paste: https://newatlas.com/energy/powerpaste-hydrogen-fuel-paste 
Home power MgH2 store: 
www.goodnewsnetwork.org/worlds-
first-home-green-hydrogen-battery-
powers-your-house-for-3-days/  
Novel hydrogen liquefaction 
route for transport: 

www.nature.com/articles/d42473-020-00542-w  For more on hydrogen supply options see the next page  
Gravity store Use hills: https://spectrum.ieee.org/energywise/energy/environment/mix-mountains-
and-gravity-for-longterm-energy-storage  Gravitricity do it www.bbc.co.uk/news/uk-scotland-56819798 
Trains/hills/concrete blocks: www.facebook.com/GIGadgets.Fans/videos/1021834818366083 
CAES www.popularmechanics.com/science/green-tech/a36300986/compressed-air-grid-energy-storage-system/ 
CO2 storage www.rechargenews.com/energy-transition/new-co2-
battery-will-make-wind-and-solar-unprecedented-low-price/2-1-1044755 
Storage to the rescue: https://100percentrenewableuk.org/how-
decentralised-energy-will-massively-reduce-grid-costs 

8. Energy saving and         
    energy efficiency  
Energy savings due to the improved 
efficiency of energy use can in theory be 
almost the same as the total final energy 
consumption (TFC) - see 11 country IEA 
chart right. But rebound effects may lose 
half the gains: www.carbonbrief.org/guest-post-why-
rebound-effects-may-cut-energy-savings-in-half  
and outcomes from home energy saving programmes are often less than expected: 
http://e2e.haas.berkeley.edu/abstractWP046.html 
 

Bitcoin ‘can never be green’ Computational effort is the basis of  
encrypted cyber-currency ledger systems and that means substantial energy use- and it needs even more 
energy as the system expands. It’s been suggested that green energy can be used- but then that means it 
isn’t available for something more useful. More subtly, it’s been suggested that it could use green power 
surpluses. But once again that means it can’t be used for something better- like green hydrogen production: 
www.thetimes.co.uk/article/the-idea-of-bitcoin-going-green-is-laughable-20309n0zj Madness: www.bbc.co.uk/news/av/technology-58020010 

 Recycling wastes  saves energy, cuts eco-impacts, 
but not producing waste in the first place is best: 
www.facebook.com/GoWasteEd/posts/5602963263108846 
LED lighting switch is now seen as essential: 
www.bbc.co.uk/news/uk-57407233 But it’s been a long bitter fight: 
www.thegwpf.com/the-truth-behind-the-governments-latest-light-bulbs-ban/ 
And cutting energy use is hard as the UK has found: 
www.thisismoney.co.uk/money/mortgageshome/article-9648431/Reaching-
energy-efficiency-rating-C-impossible-1-7-million-homes-owners-face-
penalties.html Big problems in parts of the domestic sector… 
   

Fuel cells using hydrogen and avoiding combustion:    
A tractor in 1959! www.youtube.com/watch?v=ZtgkwrVX-9g 
 
Hybrid of all! https://cleantechnica.com/2021/11/26/crazy-floating-all-in-one-renewable-energy-gizmo-has-everybody-suddenly-talking 

Hydrogen 
Electrolysers  
 

IDTechex review 
www.idtechex.com/en/
research-report/green-
hydrogen-production-
electrolyzer-markets-
2021-2031/807 

An overview of options: 
https://100percentrenewableuk.org/storag
e 

 

Li-Ion Battery Recycling 
www.bbc.co.uk/news/business-56574779  

Green v Blue hydrogen- summary of issues 
Hydrogen can be stored, but where do we get it from?  
Best from renewable power, not from fossil fuel:  
https://theecologist.org/2021/may/18/blue-hydrogen-v-green-hydrogen 

Green engineering    Cooling systems are vital  
Solar heat driven absorption chillers are one option.  
The use of high efficiency stirling engines is another. A bit 
over-complex and large for a home Air Con unit, but clever: 
www.youtube.com/watch?v=X1fiABe4x08 
1000 green products Energy efficiency by good design: 
https://solarimpulse.com/efficient-solutions Tribo-electric flooring: 
www.theguardian.com/environment/2021/sep/01/hi-tech-wooden-flooring-can-turn-footsteps-into-electricity  

Heat Pumps         They can use electricity 
efficiently to pumps heat into a house, but can 
be costly to install and to run: ‘A conventional 
domestic gas boiler uses about 20 kW of power 
& costs £50 per kilowatt, whereas a comparable 
ground-source of 17 kW costs more like £500/ 
kW’ says this IoP post. But it goes on, costs will 
fall over time ‘as demand for such heating 
systems increases (regulation will be vital for 
that to happen). I suspect that the eventual 
mature market price of ground-source heat 
pumps will be around the £100-£200/kW mark. 
That’s roughly similar to the [current] cost of 
air-source heat pumps’ which are less efficient.  
https://physicsworld.com/a/is-the-answer-to-climate-change-
lying-beneath-your-feet 
Pollution fear: https://reneweconomy.com.au/heat-pumps-
may-cause-dangerous-water-pollution-report-warns/amp 

Liquid salt 
storage at 300C, 
in big insulated 
tanks. Electricity 
can then be made 
by raising steam 

to drive a turbine.  

G
ood Energy 

 

CAES  
     Compressed 
     Air Energy  
     Storage   > 
 

Hot sand  
   https://cleantechnica.com/2021/08/31/using-hot-sand-to-store-energy/ +some 

green 
product 
ideas 

Really not energy saving  
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Hydrogen supply options special Feature www.nationalgrideso.com/document/199871/download

 
   Four different ways to generate hydrogen as indicated by UK National Grid-ESO  
Quite boldly, they say ‘there is not a huge difference in costs between producing blue hydrogen, 
green hydrogen and biomass hydrogen (all in a range of 1.2 - 3.3 USD/kg of hydrogen). As 
technologies are scaled up over time, the differences may increase or decrease, but it is useful to 
note now that no single process is much cheaper than another.’ Well that range is actually quite 
wide, and most green hydrogen is at the top end of the range. Also, there will be differences in net 
CO2 production - although in that case green hydrogen does best. Even with CCS, conversion of 
natural gas to so-called blue hydrogen will lead to more net emissions than green power driven 
electrolysis producing green hydrogen. As can be seen from the above there can also be a big 
difference in overall energy conversion efficiency. What’s interesting in the fourth chart above is 
that, when and if zero carbon green hydrogen is then converted back into electricity, to run a heat 
pump, the overall energy efficiency is the highest - 92%. That’s because heat pumps can deliver 3 
or 4 times more heat than if the electricity was used direct for heating.  
National Grid ESO seem confident that green hydrogen will win out against blue hydrogen on 
cost, but it does also look at biomass-derived hydrogen and nuclear derived hydrogen.  

  

 
As the charts above of the energy needed for this show, biomass & nuclear hydrogen only expand 
in their (blue) system transformation scenario, and even then not much. Fossil gas SMR does 
better, but in their (green) fast expansion ‘leading the way’ scenario green hydrogen wins out. 
*A good overview of hydrogen options & issues see: www.upi.com/Science_News/2021/08/11/hydrogen-
economy-strategic-plan/7801628712105/ and also this talk from Cranfield: www.youtube.com/watch?v=KB3NSg0C9gY 
Blue hydrogen assessment- significant CO2 and methane emissions https://onlinelibrary.wiley.com/journal/20500505 
 

Gold Hydrogen  Naturally occurring e.g. in Africa, Spain, maybe the UK, in some types of geological setting:  
www.thetimes.co.uk/article/british-scientists-lead-the-way-in-hydrogen-gold-rush-frj2v8hts  
Hydrogen use overview: https://grist.org/energy/why-the-swiss-army-knife-of-climate-solutions-is-so-controversial/ 
Green/H2 Steel www.theguardian.com/science/2021/aug/19/green-steel-swedish-company-ships-first-batch-made-without-using-coal 
Synfuel from air captured CO2 & green H2 www.thedrive.com/the-war-zone/42852/the-air-force-has-a-plan-to-make-jet-fuel-out-of-thin-air 
But it’s an old, familiar idea: www.lboro.ac.uk/service/publicity/news-releases/2012/180_Petrol-air.html  See below for more car fuel ideas 

Wind to Gas- electrolysis Gas- SMR 

Biomass Gasification 
 

Wind to Power for Heat Pumps 

Green power for 
electrolysis most in 
Leading the Way 

Gas for Blue hydrogen 
SMR in System 
Transformation 

Nuclear power for 
electrolysis mostly in 
System Transformation 

Biomass for 
gasification 
mostly in System 
Transformation  

H2 uses 
uses  
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9. Transport Aviation has been knocked-back by Covid, but flight & speed is still a lure: 
https://newatlas.com/aircraft/rolls-royce-taxis-worlds-fastest-electric-aircraft-to-be/  
And it’s not just about replacement stuff. A supersonic passenger jet plane has emerged: 

https://edition.cnn.com/travel/article/as2-supersonic-jet-florida-hq/index.html Billed as low impact! 
For reduced eco-impact generally, hydrogen is seen as one way ahead: 
https://blog.ferrovial.com/en/2021/01/hydrogen-powered-aircraft-the-path-to-more-sustainable-aviation/    
Or Recycled waste: www.theguardian.com/business/2021/feb/09/ba-plans-
transatlantic-flights-partially-fuelled-by-recycled-waste-in-2022 And new more 

fuel-efficient designs & airframe layouts - see MIT’s D8 concept pictured right.  
And how about this? Joby’s e-VTOL > 
https://newatlas.com/aircraft/joby-aviation-evtol-video/ 
 

And flying-car urban airports:  
www.dailystar.co.uk/news/latest-news/worlds-first-flying-car-mobile-23394035        Keep flying? www.bbc.co.uk/news/business-57917193  
Airships - intercity hops www.theguardian.com/world/2021/may/26/airships-for-city-hops-could-cut-flyings-co2-emissions-by-90  

Cars We will also it seems do anything to keep driving, with new power storage  
tech to avoid the problems with Lithium scarcity & extraction impacts. But it’s hard.   

Overview of EVs: www.electrifying.com/green-lifestyle/article/electric-cars-are-they-really-green-?  
And https://theconversation.com/electric-vehicle-batteries-what-will-they-look-like-in-the-future-164263  
When  EVs fail: https://jalopnik.com/mobile-charging-for-evs-could-be-the-future-with-a-star-1846416907 
Fire risks: https://wsimag.com/science-and-technology/66635-do-we-really-want-to-replace-gas-cars-with-e-vehicles  
Lithium limits: www.theguardian.com/commentisfree/2021/jun/14/electric-cost-lithium-mining-decarbonasation-salt-flats-chile 
Vehicle battery battles: https://electrek.co/2021/03/01/fisker-gives-up-on-solid-state-batteries-after-announcing-breakthrough/  
Sulphur batteries: www.independent.co.uk/life-style/gadgets-and-tech/lithium-sulfur-battery-electric-b1805761.html 
Nickel-Iron Battery/Hydrogen: www.bbc.com/future/article/20210223-the-battery-invented-120-years-too-soon 
Syn-fuel car: https://robbreport.com/motors/cars/porsche-synthetic-efuel-ev-alternative-1234597977 
Methanol fuel cell car: www.autoblog.com/2021/02/02/karma-methanol-hydrogen-fuel-cell 
Bio-methane biogas or syngas (SNG) for cars: www.bmp-greengas.de/fuel  
More important: Buses, bikes, trams & trains? And boats! 
Ships Green methanol: https://grist.org/energy/green-methanol-maersk-shipping-fuel/ 
PV yacht https://robbreport.com/motors/525-foot-superyacht-florida-solar-sails-1234603520/ 
Flettner Cargo ship https://maritime-executive.com/article/world-s-first-zero-emission-wind-and-hydrogen-power-cargo-ship  
Trains: Hyperloop https://horizon-magazine.eu/article/paris-berlin-hour-train-heres-how-it-could-happen.html 
China’s 600 kph Maglev www.independent.co.uk/travel/news-and-advice/china-high-speed-train-maglev-b1887079.html  
and Bikes https://theconversation.com/cycling-is-ten-times-more-important-than-electric-cars-for-reaching-net-zero-cities-157163/ 
Overviews - electric transport options for land, sea and air: www.idtechex.com/en/reports/electric-vehicles/2 

10.  Nuclear  All routes ahead faced with problems  
Not profitable: www.sciencedirect.com/science/article/abs/pii/S1364032121001301                                       
Embrittlement: www.counterpunch.org/2021/02/01/embrittlement-in-nuclear-power-plants 
But some ramp: www.powermag.com/flexible-operation-of-nuclear-power-plants-ramps-up/ 
Plutonium: https://thebulletin.org/2021/03/the-long-term-problem-of-peaceful-plutonium/ 
Waste: https://climatenewsnetwork.net/nuclear-legacy-is-a-costly-headache-for-the-future/      Finland’s answer: https://bit.ly/3gl1thx 
An odd waste view: www.forbes.com/sites/jamesconca/2021/04/27/do-new-nuclear-reactor-designs-change-the-nuclear-waste-issue/  
Sea level change threat: www.nuclearconsult.com/wp/wp-content/uploads/2021/06/Climate-Change-UK-Nuclear-June-2021.pdf 
SMRs ‘no go’: https://reneweconomy.com.au/small-modular-reactors-not-the-solution-says-german-nuclear-authority/ 
However, mini-PWRs & fast reactors are being looked at, while Moltex Energy is developing a 300 

MW Molten Salt SMR, the Stable Salt Reactor-Wasteburner (SSR-W300) which will ‘burn nuclear 
waste’! Ready ‘in the early 2030s’: www.world-nuclear-news.org/Articles/Moltex-SMR-clears-first-phase-of-regulatory-review 
TerraPower’s Natrium sodium-cooled SMR:  www.wyofile.com/red-flags-fly-over-wyomings-nuclear-power-silver-bullet/ 
As a fast neutron reactor, it presumably breeds plutonium: www.world-nuclear-news.org/Articles/Speech-Why-I-invest-in-nuclear-innovation 
Marine Molten Salt Reactor: www.maritime-executive.com/editorials/modular-molten-salt-nuclear-power-for-maritime-propulsion  
Pebble Bed option - TRISO Fuel Pebbles: www.energy.gov/ne/articles/triso-particles-most-robust-nuclear-fuel-earth? 
Nuclear batteries - even smaller: https://techxplore.com/news/2021-06-nuclear-batteries-approach-carbon-free-energy.html 
More micro nuclear promotion: www.cnbc.com/2021/06/28/oklo-planning-nuclear-micro-reactors-that-run-off-nuclear-waste.html 
Nuclear/SMR options review - UCS: https://ucsusa.org/resources/advanced-isnt-always-better#read-online-content  
Global Nuclear overview: www.dw.com/en/germany-looking-for-final-repository-for-nuclear-waste-global-outlook/a-56449115 
Last ditch? ‘Extraction/mining of minerals is good’ - if it includes uranium! www.mdpi.com/2071-1050/10/1/235 
Last try? New Fusion ideas: its all about new super-conducting magnets to contain the plasma: 
www.bbc.co.uk/news/business-56843149 & www.sciencemag.org/news/2021/03/fusion-startup-plans-reactor-small-powerful-superconducting-magnets    
And also about keeping core components from burning up: www.bbc.co.uk/news/science-environment-57232644  
When might it work? 2030? www.popularmechanics.com/science/energy/a36065327/nuclear-reactor-makes-fusion-viable-by-2030/ 
Or possibly not until much later, if you mean more power out than in: https://whyy.org/segments/fusion-energy/ and 
www.youtube.com/watch?v=LJ4W1g-6JiY So 2040? Or 2050? Either way, no help with the urgent climate issues… 

 

 

 
Bio-Electric Triplane! 
www.theguardian.com/environment/2021/mar/18/will-
a-british-bioelectric-hybrid-plane-really-take-off 

 
Lighten up…

 
https://energyath
aas.wordpress.co
m/2021/10/25/de
ad-weight-loss/ 

 

 

 D
ouble  

B
ubble  

H2 JCB 
www.fwi.
co.uk/mac
hinery/tec
hnology/j
cbs-
hydrogen-
fuelled-
combustio
n-engine-
examined 

Rare 
Earths 
www.idt
echex.co
m/emails
/13363 
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11. Conclusions Speed up 
Solar PV is a much more efficient use of land for energy 
generation than biomass photo-synthesis, but we don’t 
want to cover the planet with solar arrays: see right. 
However, there is plenty of space for PV on marginal 
land and roof tops, and for wind on land and of course 

vast areas offshore for 
wind, wave and tidal stream systems. Lower cost, higher load 
factor, easier to install floating offshore wind especially - see 
left. Biomass has its problems, but there may still be roles for it, 
AD biogas especially, and also for smaller scale hydro. 
As this 2021 review shows, good technological progress 
continues in many of these areas and in allied fields. But 

deployment needs to speed up. But not of CCS/carbon removal - at best it’s marginal, at worst a 
costly diversion, just like nuclear. There may be industrial situations where CO2 capture makes 
sense, but it will be expensive & its storage will be a sensitive issue. Though some say we need 
negative emissions technology to balance the slow development of renewables. That risks 
becoming a self-fulfilling prophecy. It’s also sometimes claimed that small nuclear plants may be 
useful in some locations, including off planet. Fusion too - a forever dream. At all scales: 
www.newyorker.com/magazine/2021/10/11/can-nuclear-fusion-put-the-brakes-on-climate-change But otherwise nuclear’s 
future looks poor: https://futurism.com/the-byte/scientists-nuclear-energy-waste-time  Currently, it avoids 2-3% of 
total global GHG emissions p.a. and expansion much beyond that seems unlikely, even with new 
tech. More likely it could be phased out: www.sciencedirect.com/science/article/pii/S0301421521002330?via%3Dihub 
Though you won’t hear much about that in the mainstream media - which still often seems 
besotted with all things nuclear!  https://climatenewsnetwork.net/nuclear-industrys-propaganda-war-rages-on/   
So what next? There are plenty of green plans for how to proceed, like this US-focused one: 
https://wsimag.com/economy-and-politics/65952-100-percent-carbon-free-energy-by-2035  
A big issue for such plans, along with ownership, is system integration - balancing renewable 
variability via smart grids, demand management, storage and wider grid links, and there’s plenty 
going on there: www.bbc.co.uk/news/science-environment-57313991 Some of it involves linking up local users 
& energy suppliers in networks - though some consumers are now also producers. But, even with 
batteries, only rarely are they 100% autonomous - most trade surpluses & top up during local 
lulls: https://inhabitat.com/leading-stanford-climate-scientist-builds-incredible-net-zero-home-complete-with-tesla-powerwall/  
All of that means you don’t need big baseload plants - they just get in the way. National Grid 
said ‘we have done quite a lot of work to find new ways to operate the grid without needing base-
load (such as nuclear). It used to be that you needed these big power stations to keep everything 
safe & secure and stable, but there are lots of new processes and techniques we can use on wind 
farms to do this.’ So away with  nukes! 
www.telegraph.co.uk/business/2021/06/07/dungeness-
nuclear-power-plant-close-seven-years-early/ 
Good Energy’s new Zero Carbon 
Britain scenario shows how it can be 
done, but decentral power does rely on 
a lot of battery storage, although Good 
Energy also looks at heat storage, 
including liquid salt systems: 
www.goodenergy.co.uk/business/exclusive/renewable-nation   
So do NG-ESO new scenarios, with hydrogen also playing a role: www.nationalgrideso.com/document/199871/download 

Though there are ongoing debates as to its role in heating & transport - see Box. But cheap storable 
green hydrogen could well prove to be indispensable for grid balancing. There are many other issues, 
e.g. material scarcity & carbon debts. But there may be answers - maybe some tech fixes can help: 
www.businessgreen.com/news/4038008/successful-net-zero-fuel-trials-pave-carbon-free-cement So perhaps we can do it all! 

12. 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, who were then based at the OU. This 
annual review is produced in December each year. NATTA’s web site has links to back issues of 
Renew on Line and to this Annual Review and to other info sources: https://renewnatta.wordpress.com  

 

Hydrogen? Green hydrogen produced using renewable power 
is no use for heating or for cars, says BNEF’s Michael Liebreich- 
but it’s being backed by oil/gas interests to delay electrification!  
www.rechargenews.com/energy-transition/liebreich-oil-sector-is-lobbying-for-
inefficient-hydrogen-cars-because-it-wants-to-delay-electrification-/2-1-1033226 
A bit overstated- it’s storable, unlike electricity. But yes, electrolytic 
hydrogen can’t be cheaper than the green power used to make it. 
And there are end-uses where its not the best option. Biogas also?  
www.transportenvironment.org/discover/lng-trucks-a-dead-end-bridge Debatable 

 


