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Renew 2019 
Annual Review of progress on renewables 
 

It’s all go as their costs fall even more….  
 

 

 
….and Power to Gas looks good too 

  
 

NATTA - Network for Alternative Technology and Technology Assessment, Dec 2019 

So does 
Energy saving  
-still often the 
cheapest option 
Though still often 
sidelined…  
 

While nuclear 
struggles to 
survive 
 

And CCS looks 
very uncertain, 
though CCU 
may win out… 
through 
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Annual Review of progress on renewables 
Wind and solar continue their upward march, heading for over 1 Terrawatt - and 
eclipsing hydro. While that all continues, we focus here on newer developments, 
mostly so far outside of the current mainstream, but soon maybe to be part of it.  
 

Contents 
1. Global Overview - still booming 
2. Wind power - still the leading new tech 
3. Solar PV and heat - and geothermal 
4. Marine: wave & tidal - and hydro 
5. Biomass - still in trouble  
6. Energy Storage and Grid balancing 
7. Carbon Saving - the rise of CCU?   
8. Energy Saving - still left out  
9. Vehicles - EVs and hydrogen  
10. Nuclear - the old story repeats 
11. Conclusions - the way ahead  
12. Renew and NATTA details    
 

Renewables do well in economic, climate, energy terms   
An Economics view www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/ 

 
‘Between 2009 and 2017, prices of solar photovoltaics & onshore wind turbines fell  
most rapidly, dropping by 76% and 34%, respectively - making these energy sources  
competitive alternatives to fossil fuels & more traditional low-carbon sources’. IMF 
www.imf.org/en/Publications/WEO/Issues/2019/03/28/world-economic-outlook-april-2019 
An energy debt/climate view - better than fossil CCS www.nature.com/articles/s41560-019-0365-7 
This study estimates the electrical energy return on energy invested ratio of CCS projects, accounting for 
their operational and infrastructural energy penalties, to range between 6.6:1 and 21.3:1 for 90% capture 
ratio and 85% capacity factor. These values compare unfavourably with dispatchable scalable renewable 
electricity with storage, which ranges from 9:1 to 30+:1 under realistic configurations. 
A materials view https://physicsworld.com/a/can-crude-analysis-alone-determine-prospects-for-energy-materials/ 
There will be some constraints which may shape which way things will go. For example, lithium is 10,000 
times less abundant than silicon, so PV solar may be less constrained than battery storage, but will still 
need other storage/backup/balancing. P2G may be the answer. This geo-physics view is also interesting: 
More power https://physicsworld.com/a/wind-speeds-and-wave-heights-are-increasing-across-the-oceans/  
Economics - How solar energy became cheap www.amazon.com/dp/0367136597/ref=cm_sw_su_dp 
Beating gas: www.greentechmedia.com/articles/read/solar-plants-cheaper-than-natural-gas-just-about-everywhere-by-2023-woodmac 
 

As renewables go from strength the strength https://uk.reuters.com/article/uk-renewables-costs/solar-onshore-
wind-costs-set-to-fall-below-new-fossil-fuel-energy-report-idUKKCN1SZ1MD 
 
 

This annual Review is dedicated to Godfrey Boyle, now sadly no longer with us, and very much missed 

The big picture:  
Wind heading for 600GWe 
Solar PV heading for 500GWe 
Solar heat heading for 500GWth 
Hydro still the big brother at 1.2TWe   
Mostly out of the frame:   
Nuclear, CCS but also sadly energy 
efficiency (still often sidelined) Wave & 
tidal are only moving slowly. CSP and 
Geothermal too. Biomass conflicted… 
Boom areas: EVs, energy storage, 
smart grids, P2G. Some say CCU soon! 
Wild cards: PVT, airborne wind systems   

 

Time for a 
Wiki update 
https://en.wik
ipedia.org/wi
ki/Cost_of_el
ectricity_by_
source 

IRENA says by 2050 
its renewables-led plan 
will save $160 trillion: 
www.forbes.com/sites/jamesells
moor/2019/04/14/renewable-
energy-could-save-160-trillion-
in-climate-change-costs-by-
2050/  
 

Squeezed 
down to 
16 pages! 
 

Plus 
two 
Feature 
pages 
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1.Renewable costs fall around the world 

 
www.greentechmedia.com/articles/read/report-levelized-cost-of-energy-for-lithium-ion-batteries-bnef 

But the earlier investment boom has slowed as wind & PV support has been cutback. 

      

…though China still leads - and this capacity projection  
Below still seems about right - PV will lead..  

 
www.wartsila.com/docs/default-source/power-plants-documents/downloads/presentation/towards-a-100-renewable-energy-future---presentation.pdf 
..that’s certainly how LUT/EWG see it: www.nature.com/articles/s41467-019-08855-1 63 TW PV by 2050! 
But in energy output terms there is still all to play for - as the next sections should illustrate: even 
with better cells, PV will no doubt always have lower load factors than wind. We need it all. 
As ever, our focus is on new green energy supply technologies and balancing systems for them, 
but we also look briefly at energy saving and also at some transport applications of renewables. 

..and that looks likely to continue 
 

 
 
 
 
 
 
 
 
 

www.theccc.org.uk/publicationtype/0-report/ 

 

Annual capacity expansion may slow for 
a while, as China slows down, but then 
pick up, led by PV. Cumulative capacity 
will of course continue to grow  
  

 

 

 
https://about.bnef.com/blog/clean-energy-investment-exceeded-300-billion-2018/ 

Cost falls 
mean less $ 
needed/GW 
  

Technology Overview  
See Dave Elliott’s new updated and 
extend IoP book ‘Renewables’: 
https://iopscience.iop.org/book/978-0-7503-2304-8 

..and the IEA says capacity will pick up:  
www.iea.org/newsroom/news/2019/september/after-
stalling-last-year-renewable-power-capacity-additions-to-
hit-double-digit-.html 
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State of play round up: cost falls and projections 

‘Onshore wind and solar PV are set by 2020 to consistently lower a less expensive source of new 
electricity than the least-cost fossil fuel alternative, without financial assistance. Among projects 
due to be commissioned in 2020, 77% of the onshore wind and 83% of the utility-scale solar PV 
project capacity in the IRENA Auction and PPA Database have electricity prices that are lower 
than the cheapest fossil-fuel power generation option for new generation’ IRENA: www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA_2018_Power_Costs_2019.pdf 
 

The rest  IRENA says the global weighted - average LCOE of 
CSP has fallen by 46% between 2010 and 2018. After two years of 
increasing, the global weighted-average cost of electricity from hydro 
projects commissioned in 2018 fell 11%, compared to 2017. The 
global weighted average LCOE of bioenergy projects fell by around 
14% between 2017 and 2018, as a result of deployment shifting 
towards some of the less capital-intensive technologies used for the 
combustion of agriculture and forestry residues. The cost of electricity 
from geothermal projects declined by about 1% in 2018. 
And new applications abound e.g. for sea transport - using solar 
and also (back again!) wind power www.richardpriestley.co.uk/sustainable-shipping-goes-commercial/  
Air transport is tougher, but hope rises eternal: https://theconversation.com/how-will-we-travel-the-world-in-2050-121713  

Wind power            
 

In 2018, globally, around 
45GW of new on shore 
wind capacity was 
commissioned at a global 
weighted-average LCOE 
of $0.056/kWh, which 
was 13% lower than in 
2017. Electricity costs 
from offshore wind 
projects declined by 
about 1% in 2018.  
 

PV 
solar 
 

in EU  
  

Energy percentages 
Globally, IRENA says 
‘by 2050, electricity’s 
share of total final 
energy consumption 
could reach 49%, up 
from around 19% today. 
With falling battery 
costs, electrification of 
passenger transport 
reaches 70% by 2050, 
and electricity will 
provide 43% of total 
energy consumption in 
the transport sector. 
With the extensive 
electrification of space 
and water heating in 
buildings, electricity 
accounts for 68% of 
energy use in 2050’. 

Dramatic cost falls  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://sponsored.bloomberg.com/news/sponsors/
orsted/climate_change_risks_and_opportunities 
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Renewables mostly wipe-out nuclear 

 
That’s because of late nuclear has gone into decline most places, while renewables boom. 

 
But be a little careful -  its total global power output is still large - it had a big historical lead  

Though it still means that renewables are moving ahead e.g. in China and India 

Charts from www.worldnuclearreport.org/WNISR2019-Assesses-Climate-Change-and-the-Nuclear-Power-Option.html 

 

WNISR  
www.world
nuclearrepo
rt.org/ 
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REN21 2019 Renewable Energy Status data 
  

 

 
So how has it been? 
REN21 says that with around 100 GW added, solar 
PV was once again the frontrunner for installed 
renewable power capacity. Additions from solar PV 
accounted for 55% of new renewable capacity, 
followed by wind power (28%) and hydro (11%). For 
the fourth year in a row, additions of renewable power 
generation capacity outpaced net installations of fossil 
fuel and nuclear power capacity combined. 
The global composition of installed renewable power 
capacity continued to shift during 2018. Hydro no 
longer accounted for half of the cumulative renewable 
power capacity in operation, falling below 48% by 
year’s end. Meanwhile, wind power rose to comprise 
roughly 25% of the installed renewable power 
generation capacity, while solar PV exceeded 20% for 
the first time. Overall, renewable energy has grown to 
account for over 33% of the world’s total installed 
power generating capacity. That’s bound to grow more.  
 

In what follows we look at that and at what else may 
happen, highlighting some key new technology options, 
including for balancing. So this on hydrogen was good: 
www.openaccessgovernment.org/electricity-from-renewable-sources-2/68831/ 
Using SOE/SOFCs. But PEMs are good too, e.g. for micro-
CHP/FCs: www.sciencedirect.com/science/article/pii/S0378778818330275 
This seems pretty desperate: www.eurekalert.org/pub_releases/2019-
08/gc-seh081819.php Though this is wildest idea we’ve seen: 
https://eandt.theiet.org/content/articles/2019/07/h2o-on-the-go-fuelling-the-
future-of-sustainable-vehicles. Or was it this gravity store? 
https://techcrunch.com/2019/08/14/energy-vault-raises-110-million-from-
softbank-vision-fund-as-energy-storage-grabs-headlines/ More on that below. 
But this sky cooling idea  is also fun: https://grist.org/article/this-space-age-tech-cuts-cooling-costs-and-carbon-emissions and 
www.cell.com/joule/fulltext/S2542-4351(19)30412-X Also www.aaswathraman.com New technology does keep coming… 
Though some seem to ignore the laws of thermodynamics! www.youtube.com/watch?v=mWauOXjUppU  
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2. Wind 600 GW so far with new technologies emerging 
Big machines on land Enercon’s 7.6 MW turbine installation:www.youtube.com/watch?v=qS3CtSX8Eck 
Even Bigger http://eta-publications.lbl.gov/publications/supersized-wind-turbine-blade-study       Tornado  
On shore wind thriving in the UK: https://theenergyst.com/time-now-onshore-renewables/      Proof > 
Costs cut by self-diagnosing turbines, real-time output maximisation & ‘crane-less’ maintenance: 
http://newenergyupdate.com/wind-energy-update/wind-turbine-technology-leaps-set-slice-maintenance-costs 
 

But in terms of on-shore siting we should avoid over-crowding like this   

 
It’s not necessary - there is plenty of room elsewhere if done sensitively…  

A US study suggests it’s not a problem in rural areas:    

‘Approx. 90% of individuals in the USA who live within 8 km of 
a wind turbine prefer their local wind project to a centralized 
power plant sited a similar distance away. Wind is also preferred 
three to one over solar among the approximately two-thirds who 
have a preference. These results are relatively consistent across 
states with different characteristics, suggesting a strong social 
preference for wind turbines among their neighbours’. www.nature.com/articles/s41560-019-0347-9 
In parallel offshore beckons, with big floating devices  

 
You can go far out to sea into deep water, with huge units  
Getting big www.theguardian.com/environment/2019/feb/11/biggest-offshore-windfarm-to-start-uk-supply-this-week 
And the pace is picking up. BNEF says over 100 GW of offshore wind will be in place globally 
by 2030. Many of them may be floating systems. See this quite cautious report - only 12.5 GW:     
www.equinor.com/en/what-we-do/hywind-where-the-wind-takes-us/the-market-outlook-for-floating-offshore-wind.html  
X-1 offshore wind  -  novel floating design, with a rotatable wind-facing platform 
(so no need for rotor yawing). At under 300 tonnes/MW, much less than most current  
spar & semi-submersible designs - so it’s cheaper: www.x1wind.com/x1wind-technology/  
Big boats: www.energyvoice.com/otherenergy/199247/offshore-wind-will-need-bigger-boats-much-bigger-boats  
Big Buckets: http://newenergyupdate.com/wind-energy-update/offshore-wind-foundation-shift-hinges-serial-build-gains  
Hydrogen production from offshore wind could soon be commercially viable: 
http://newenergyupdate.com/wind-energy-update/offshore-wind-hydrogen-could-be-subsidy-free-within-10-years 
4 GW floating off shore wind farm plan for hydrogen production: ‘if you had 30 of those in the North Sea 
you could totally replace the natural gas requirement for the whole country, & be totally self-sufficient with 
hydrogen’:www.rechargenews.com/wind/1850034/floating-wind-to-hydrogen-plan-to-heat-millions-of-uk-homes p12 
*IRENA’s global GIS wind map https://irena.masdar.ac.ae/GIS/?map=103  Also see https://globalwindatlas.info/ 
That ignores the huge high altitude resource which airborne/kite systems might be able to access. 
 
 

By 2030 wind may reach 2TW or more, by 2050 10TW? Or much more with flying systems..  

‘Residents may trade off the 
greater landscape effect of wind 
power, given the height of wind 
turbines, & the much larger foot-
print of solar, given the small 
amount of surface land occupied 
by each wind turbine’. Nature 

 

Airborne wind 
would do that!  
www.xsens.com/cases/k
itepower-2-0-airborne-
wind-energy-at-its-finest 

www.fac
ebook.co
m/watch/
?v=1672
3655062
40272 

Star float 
www.oceanflowene
rgy.com/Starfloat-
Technology.html 
Ecolink  
Simple low 
cost design: 
www.eolink.fr 

30 year life not 20  
 

https://emp.lbl.gov/publi
cations/benchmarking-
anticipated-wind-project  
 

 

Staying alive…. 

Capacity factors higher 
offshore. Dudgeon off Norfolk- 
65.3% claimed last year, 63% for 

GE’s new 12 MW Haliade  X: 
https://deepresource.wordpress.com/2018/09/
01/offshore-wind-capacity-factors/ 
andiwww.ge.com/renewableenergy/wind-
energy/turbines/haliade-x-offshore-turbine 
Serial production cuts costs: 
http://analysis.newenergyupdate.com/wind-
energy-update/floating-wind-built-series-
could-be-cheaper-fixed-bottom  
Next? Offshore flying wind! 
www.windpoweroffshore.com/article/159517
7/makani-prepares-launch-offshore-tests 
But beware Trump! 
www.pressherald.com/2019/09/30/trumps-hatred-of-
wind-turbines-a-worry-for-booming-industry/ 
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3. Solar PV New cells, new directions/applications   
CPV Multi-junction cells with focusing - not just for big arrays: www.economist.com/science-
and-technology/2019/03/30/a-highly-efficient-rooftop-solar-panel-based-on-space-technology 
Drones to cut PV costs: www.energylivenews.com/2019/03/26/drones-could-cut-solar-design-costs-by-70 
APV Agro-PV: https://cleantechnica.com/2017/11/24/combining-solar-panels-agriculture-makes-land-productive/ >     

Low-cost PV hydrogen soon?  
but not until 2030, when new battery tech is ready:  
www.pv-magazine.com/2019/02/04/japanese-scientists-seek-to-
lower-costs-of-pv-powered-hydrogen/ See system layout right > 
A Belgian try: https://cleantechnica.com/2019/03/03/belgian-
scientists-announce-new-solar-panel-that-makes-hydrogen/ 
A Swiss try: www.nature.com/articles/d41586-019-01387-0 
and https://physicsworld.com/a/new-device-excels-at-making-hydrogen-using-concentrated-sunlight/  

 Floating PV www.facebook.com/watch/?v=1091385304397839      
Some put the technical global potential of floating PV at 400 GW:   
www.weforum.org/agenda/2019/02/in-land-scarce-southeast-asia-solar-panels-float-on-water 
But LUT says that if 25% of the area of the reservoirs of the current 1.2 
GW of hydro plants was covered with floating PV arrays that would 
be 4.7 TW, generating 6270 TWh, over twice the 2500 TWh hydro 
output. When available, the PV output could be fed direct to the grid, 
when not, the hydro power could be used. The PV output would rise to 8000 TWh if non-hydro 
reservoirs were also used. Bold stuff!  But maybe with some local eco-impacts, so avoid 100% cover: 
www.sciencedirect.com/science/article/pii/S1876610218309858      Floating PV overview:  www.facebook.com/watch/?v=2147777108637735 

Solar in space - a wild old idea China intends to develop solar-from-space tech.  
It plans an initial $15m test using PV cells mounted on balloons at 1000 meters to send power to the 
ground via micro wave beams, prior to possible large orbital solar PV systems by 2050: 
www.forbes.com/sites/scottsnowden/2019/03/05/china-plans-to-build-the-worlds-first-solar-power-station-in-space/ 

Solar heating - a practical tech  
Solar thermal plants expanding - with inter-seasonal stores, feeding  
local district heat networks: http://planenergi.eu/activities/district-heating/seasonal-heat-storage/ 

 

 
 
 

 
Global Solar resource  geographical information: https://globalsolaratlas.info/ 
And https://solargis.com/maps-and-gis-data/downloa   By 2030 PV may reach 2TW! 20TW or more by 2050? 
 

Hidden benefits www.ukerc.ac.uk/network/network-news/study-identifies-20-overlooked-benefits-of-distributed-solar-energy.html 
Hidden problems - overheating: https://grist.org/article/can-solar-panels-handle-the-heat-of-a-warming-world Agro-PV an answer? 

Solar heat input augmented by bio-oil  
A 3MW bio-heat driven absorption heat 
pump has been added, upgrading it more 

SUNSTORE  
Dronninglund, Denmark 
http://planenergi.dk/wp-
content/uploads/2018/05/26-
Sunstore-3-Final-report.pdf 
 

 

 
 
 
 
 
 

Danish solar DH project 
outputs are shown at: 
http://solarheatdata.eu/ 
Technology is improving 
with large heat pumps 
used- see below.  

500 GW so far 
  

CSP  
5.5 GW 
so far  
 
 

Focused 
solar 50 
MW mini 
power 
tower in 
Australia 
with heat 
store.  
 

 
 
 
 
http://newene
rgyupdate.co
m/csp-
today/csp-
mini-tower-
developer-
predicts-
costs-below-
50mwh 
Morocco’s 
Noor III 
doing well 
http://analysis
.newenergyu
pdate.com/cs
p-today/noor-
iii-csp-tower-
seen-tipping-
point-
financing-
costs  
 

400 GWth so far 

 New cells Non Si 
www.sciencemag.org/n
ews/2019/04/amp-
solar-cells-scientists-
ditch-silicon  and 
https://cleantechnica.co
m/2019/10/05/internati
onal-research-team-
claims-new-perovskite-
solar-record-18-1/  

 

Geothermal     
13 GWe , 15 GWth so far 
www.britgeothermal.org 
Can be run in CHP mode 

 

MWh/a 

 

 

Next techs 

Solar DH expands  
http://planenergi.eu/activi
ties/district-heating/solar-
district-heating/sdh-in-dk-
1988-2018/ 
 

Next: hybrid PVT 
Combining the two, uses 
roof-space better 
and cooling a PV cell 
improves its efficiency  
www.nakedenergy.co.uk 
 

 

Groovy solar from Sheffield 
www.renewableenergymagazine.com/pv_
solar/groovy-new-solar-technology-aims-
to-be-20190503 
Snow-power PV boost 
www.dezeen.com/2019/05/02/snow-
nanogenerator-would-allow-solar-panels-
to-generate-energy-on-wintry-days/  
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4. Marine Energy  It must be getting serious - there’s now a textbook 
‘Fundamentals of Ocean Renewable Energy: Generating Electricity from the Sea’      523 MW so far 
Reza Hashemi, Rhode Island University, Simon Neill, Bangor University: 
www.elsevier.com/books/fundamentals-of-ocean-renewable-energy/neill/978-0-12-810448-4 

Tidal Power Tidal current devices are leading the pack, with 
the Meygen project in Pentland Firth making progress - 2 more 
Atlantis AR 2000 turbines are being added, taking it to ~ 8 MW. More are planned. DEME Blue 
Energy are also planning an initial 30 MW array for Islay. Some are planned in Asia too. 
Meanwhile, Minesto are developing their novel Deep Green tidal kite system: www.minesto.com/ 
The Shetland Nova project cuts costs: https://renews.biz/53316/shetland-project-cuts-tidal-energy-costs-by-15 
Low cost robust units for sheltered tidal & river low flow-speed locations: https://sustainablemarine.com 

Wave SWEL’s Waveline magnet: novel flexible surface-contour following raft  

  
www.energycentral.com/c/ee/ground-breaking-wave-energy-technology#.XGQkQ8jIFwk.mailto       www.youtube.com/user/sweleu 

OWC reinvented: Dielectric Elastomer Generator  
A wave device developed by researchers at Edinburgh University and in Italy uses 
flexible membranes with a novel electrostatic power transducer, fitted on top of a 
vertical tube which, when placed in the sea, partially fills with water that rises & falls 
with wave motion - as with standard Oscillating Water Column (OWC) system, in 
which this pumping action pushes air through turbines to generate power. But, rather than using air 
driven turbines, the new device uses pressure-sensitive electro-mechanical transducers - dielectric 
elastomer generators (DEGs) for power take off. DEGs are solid state devices based on soft capacitors 
which exploit deformation-driven capacitance variations to convert mechanical energy into direct-
current electricity. As waves pass the OWC tube, the water inside pushes trapped air above to inflate 
& deflate the generator device, deforming it, so a voltage is created. An OWC system with no moving 
parts! https://royalsocietypublishing.org/doi/10.1098/rspa.2018.0566 
Hopefully it will do better than some of its predecessors. e.g. pictured right is what 
became of an early attempt by Oceanlinx at an in-shore OWC, now rusting off the 
coast from Wollongong in Australia. The UKs 2 MW Osprey died too, sunk in a 
storm off the Scottish coast in 1995, before it could be ballasted with sand.  
  

Hydro 1.2 GW globally but big eco-issues with large schemes 
It’s the most well developed use of water power, and there are many projects: Non-OECD dam  
database: https://did.oregonstate.edu  But also big issues. Wind & PV are also competing head on - combined 
they now have the same capacity. The US Dept. of Energy is trying to rescue it: pumped hydro storage is a 
grid balancing option: www.powermag.com/how-the-doe-is-looking-to-save-hydropower/ With a vast global potential:  
www.hydroworld.com/articles/2019/04/22-million-gwh-of-pumped-hydro-energy-storage-potential-identified-worldwide.html See later 
We may need some of that. But also community scale hydro - e.g. in Asia: www.hpnet.org/# Some hard choices: 
www.bloomberg.com/news/articles/2019-05-09/dams-and-reservoirs-used-for-hydropower-threaten-world-s-rivers  
 

5. Biomass New ideas Hybrid biomass/solar PV power generation:  
www.renewableenergymagazine.com/biogas/innovative-biogas-and-solar-system-provides-onsite-20190311  Biochar issues  > 
Biofuel from Cactus? www.weforum.org/agenda/2019/03/mexican-company-making-biofuel-from-nopal-cactus-plants/ 
Algae talked up www.forbes.com/sites/jeffmcmahon/2019/05/28/algae-single-celled-savior-of-the-climate-crisis  
Sahara Forests’ Jordon project, with PV/desalination ponds/greenhouse biomass/food growing: 
www.saharaforestproject.com/wp-content/uploads/2017/09/SFP-Folder-2017_low.pdf  (Australia has a similar project)  
Opened in 2017, after a test scheme  
in Qatar, it’s now being expanded:  
www.saharaforestproject.com/blog/ 
Bio-wastes use is more likely to prosper. Even some waste combustion: 
www.abc.net.au/news/2019-03-18/could-waste-to-energy-help-solve-victorias-recycling-crisis/10909748  
BECCS (& CCS overall) is less favoured now, but some NETs may have a role:   

www.forbes.com/sites/andystone/2019/04/15/iea-challenged-to-address-limits-of-negative-emissions/                                
Grass too: https://biowert.com/ne_installation/TeK_390/public/data/downloads/20150224-113231-Biowert_circular_economy_2015.pdf 
And cheese! www.theguardian.com/uk-news/2019/jun/15/wensleydale-cheese-waste-heat-4000-homes-biogas#img-1   why not also 
And stoves too http://eccostove.com/press-and-media/insights/what-ban-the-truth-about-particulates-and-stoves         plant more trees 
Also Whiskey! www.etp-scotland.ac.uk/EnergyThemes/BioEnergy/tabid/7251/articleType/ArticleView/articleId/1613/Glendullan-malt-whiskey-distillery-goes-green-with-on-site-anaerobic-digestion.aspx 

 

 

Biomass use has eco-issues: https://theecologist.org/2019/may/21/bioenergy-delusion  
But new ideas keep emerging & the potential is huge e.g. for waste heat 
especially.  

116 GW(e) so far 

A video review of the 
wave/tidal uphill fight: 
www.youtube.com/watch?v=8n
OO0qunfk0&feature=youtu.be 

Marine power 
Resource base:  
Wave 3TW 
Tidal 1TW IRENA   

www.sciencedi
rect.com/scien
ce/article/pii/S
030142150900
6466  
 

Pico Hydro  
Less impact > 

Bioenergy ‘vital’  
www.energylivenews.com/201
9/06/04/uk-going-net-zero-
impossible-without-bioenergy 
 

  

w
w

w
.low

im
pact.org

/biochar-on-trial-
andrew

-rollinson 
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6. Energy Storage  
Lithium Ion batteries are still all the 
rage for short-term energy storage/ 
frequency support, but there are rivals.  
Flow Battery boom   
A 3 MW/12 MWh vanadium redox 
flow battery has been commissioned in 
China by Canada’s VRB Energy & a 
Chinese firm, part of a 10 MW/40 MWh 
Hubei Zaoyang Solar & Storage 
Integration Demonstration Project, which 
when completed will be one of the 
biggest flow batteries in the world. But it 
will be dwarfed by Rongke Power’s 200 
MW/800 MWh flow battery in Dalian, 
China, due in 2020, a follow up to its 5 
MW/10 MWh unit in 2013 in Shenyang. 
In  2015 Hokkaido /Sumitomo Electric 
installed a 15 MW/60 MWh redox flow 
battery in Japan, the largest so far. 
www.energy-storage.news/news/first-phase-of-chinas-
biggest-flow-battery-put-into-operation-by-vrb 
UK too: www.businessgreen.com/bg/news/3079737/redt- and-open-energi-
flow-battery-will-be-first-to-help-balance-uk-grid 
Na Ion https://cleantechnica.com/2019/07/25/sodium- ion-battery-
research-shows-promising-results/ - the next big thing? 
Heat storage  using old coal plants:www.greentechmedia.com/articles/read/germany-thermal-storage-into-coal-plants   
Ammonia A new energy vector: ‘ammonia for creating a more stable green energy production & one that 
can be stored, and at the same time start electrifying heavy transport & the chemical industry’. 
https://blog.topsoe.com/ammonia-can-become-the-co2-free-fuel-of-the-future 

Gravity Power tower Hang weights off cranes atop 
tall towers to store potential energy: 
www.facebook.com/worldeconomicforum/videos/1242960702521935/ 
The Energy Vault: www.weforum.org/agenda/2018/08/stacking-
concrete-blocks-is-a-surprisingly-efficient-way-to-store-energy  
Storage Options compared  
P2G wins out for long term storage/balancing  

 
P2G  www.oxfordenergy.org/wpcms/wp-content/uploads/2018/10/Power-
to-Gas-Linking-Electricity-and-Gas-in-a-Decarbonising-World-Insight-39.pdf  
 

96%efficient P2G/fuel cells for storage 
www.sciencemag.org/news/2019/03/new-fuel-cell-could-help-fix-renewable-energy-storage-problem  
But electromagnetic cells better https://fuelcellsworks.com/news/hymeth-commences-its-commercial-
production-of-hyaeon-hydrogen-electrolyser/                 H2 from waste plastic www.powerhouseenergy.net 
New Catalyst  www.imeche.org/news/news-article/cheap-new-catalyst-could-boost-hydrogen-generation-using-renewable-energy 
Hydrogen -  big game changer https://ec.europa.eu/jrc/en/science-update/hydrogen-use-eu-
decarbonisation-scenarios + www.gasworld.com/exclusive-fuel-cells-and-h2-game-changing-technologies/2017037.article 
Pumped Hydro storage: a vast global potential see above  
www.sciencealert.com/scientists-spot-530-000-potential-pumped-hydro-sites-to-meet-all-our-renewable-energy-needs  
Most would be closed cycle, Dinorwic-type vertical systems, linking high & low reservoirs. 
Cavern stores 1 GW underground salt dome CAES/hydrogen project in Utah:  
www.powermag.com/mhps-magnum-to-build-1-gw-renewable-energy-storage-facility-in-utah CAES review: 
www.energy.ox.ac.uk/wordpress/wp-content/uploads/2019/10/J-Wang-Compressed-air-energy-storage.pdf 

Battery costs have fallen by 80% since 2010  

 
Bloomberg New Energy Finance, 2018 lithium ion battery price survey 
 

The Green Alliance report Community Energy 2.0 (Renew 
239) notes that ‘11 million house-holds could be producing 
or storing their own energy in the UK by 2030, compared to 
just over a million today’. It says ‘batteries will play an 
increasingly important role in balancing an energy system 
dominated by variable renewables as well as in powering 
transport. The cost of battery storage has been prohibitive 
but, since 2010 it has fallen considerably from around 
£1,000 per kWh for lithium ion batteries in 2010 to £140 per 
kWh today. Tesla batteries, for example, are estimated to 
reach the tipping point of £80 per kWh by 2020 with the wider 
sector not too far behind. This will make electric vehicles 
cheaper & reduce the costs of balancing the electricity grid.’ 
www.green-alliance.org.uk/resources/Community_Energy_2.0.pdf 
But there’s still a way to go: www.technologyreview.com/s/614467/how-a-new-
class-of-startups-are-working-to-solve-the-grid-storage-puzzle/ 

 

Li-Ion battery costs   

P2G ready to go 
Power-to-Gas now seen near  
competitive. UCL’s Dr Daniel 
Scamman says ‘it’s cheaper 
to store bulk hydrogen than  
electricity- particularly for  
seasonal storage - & hydrogen 
 may be required to decarbonise some sectors 
including heavy-duty transport & industry 
where electricity is less suitable’. 
https://energypost.eu/renewable-hydrogen-already-cost-
competitive-says-new-research/ 
Using surplus renewable output, that otherwise 
would be wasted, is often seen economically as 
the best, and as renewables boom, there could  
be lots of it. But not always. Scamman says P2G 
efficiency losses mean that renewable electricity 
should be used direct all the time. Debatable. But 
Navigant think so - see below.  
 

Heat nets  
with boreholes 
www.kensacontracting.c
om/services/shared-
ground-loop-arrays/ 
and www.heatstore.eu 
 

Digital 
Inertia via 
Batteries 
 

http://s2.q4cdn.c
om/601666628/f
iles/doc_present
ations/2017/Ever
oze-Batteries-
Beyond-the-
Spin.pdf  

Thermal battery Silicon @1600C! 
www.forbes.com/sites/natalieparletta/2019/04/03/new-
thermal-battery-could-be-a-game-changer-for-storing-
renewable-energy/#fc825584f956  
and www.euronews.com/2019/04/08/harnessing-the-
power-of-silcon-and-boron-to-store-energy 

Gas limits 
Its easy to store 
but there are 
gas grid leaks   
https://science.sci
encemag.org/cont
ent/361/6398/186 
 

 

 

 

CCGT limits 
https://theenergyst.com/
gas-generator-fewer-
fewer-companies-guess/ 
 

Good 
Storage 
review 
from 
Oxford 
University   
 

www.energy.o
x.ac.uk/wordp
ress/wp-
content/upload
s/2019/10/Chr
is-Llewellyn-
Smith-Energy-
Storage-
Needs-and-
Challenges.pdf 
 

Biomass pellet store 
www.drax.com/technolo
gy/inside-the-dome/ 
 



 11 

System development, grid integration and power trading  

Time-of-use tariffs popular 
www.energylivenews.com/2019/05/07/majority-of-
consumers-like-the-idea-of-time-of-use-tariffs/ 

Blockchain encrypted ledger systems 
for power trading have big power drains, but there may be 

alternatives offering the advantages without the problems  
www.reddit.com/r/holochain/comments/9p7y5g/welcome_to_rholochain_click_here_to_get_started/ 
 

Blockchain review www.sciencedirect.com/science/article/pii/S1364032119301352 
 
 

High power links: China’s huge grid towers  www.youtube.com/watch?v=VAnZe1Qymf0 
 

 

EV grid crisis? www.forbes.com/sites/oliverwyman/2019/05/15/as-more-evs-hit-the-road-blackouts-become-likely See Section 9 

Community energy supply links 
For distributed energy resources (DERS)  
The Green Alliance report Community Energy 2.0 had this 
useful review of DER aggregation projects. Edited below. 
www.green-alliance.org.uk/resources/Community_Energy_2.0.pdf 
 

Community Choice Aggregators (CCAs) are independent 
energy suppliers that buy energy on behalf of small users, 
households & small businesses. They develop their models 
based on a community’s preferences for energy supply & use 
revenues for funding local programmes like energy 
efficiency or for offering further tariff rebates.  
CCAs now handle 16% of California’s retail energy demand, 
and this is expected to rise to 85% by 2025. This should help 
California meet its 2030 target of 50% electricity supply 
from renewables early, by 2020. In the UK CCAs like the 
startup Ripple Energy are planning to use their public or co-
operative legal status to focus on better matching of local 
demand with supply, while potentially offering lower tariffs.  
CCAs offer consistently lower tariffs than their investor 
owned utility counterparts. Energy efficiency programmes 
targeted at vulnerable or hard to reach households & the use 
of battery storage, demand side response & peak pricing are 
other services provided by CCAs. Sonoma Clean Power, a 
Californian CCA, offers its customers a small incentive of $5 
a month to access consumers’ smart devices (like electric 
vehicle batteries & smart thermostats) to assist in matching 
local demand & supply. http://sonomacleanpower.org/programs/gridsavvy 
In the UK, Ovo Energy and Moixa are trialling similar 
schemes. Moixa’s project ERIC helped to reduce grid 
constraints in a generation heavy region by aggregating 
battery capacity to reduce solar exports to the grid. The 
project claims to have cut £170 from the average annual bills 
of consumers through a ‘solar plus battery’ system at home. 
Demand response is estimated to bring system savings of 
£110 to £530 m p.a. by 2020 in the UK. 
www.ovoenergy.com/electric-cars/vehicle-to-grid-charger 
A significant part of this saving is expected from non-domestic 
sources but, as more DERs enter the grid edge, domestic 
demand aggregation & response will be more widely adopted. 
Energy Service Companies like Carbon Coop & digital 
platforms like Upside Energy are developing similar models 
for residential demand aggregation (otherwise known as a 
virtual power plant). Carbon Coop is leading innovation in 
the community energy sector and calling for an open source 
approach to demand side response. This ensures customers 
do not face issues of technology or supplier lock-in & enjoy 
greater choice depending on their specific requirements. 
Accumulating residential energy demand and managing it to 
shift peak load is of high value to the energy system, with 
one estimate valuing balancing that load through demand 
side response at £110m by 2030 (at current balancing prices). 
www.upsideenergy.co.uk/ and http://carbon.coop/about-us 
 

 

Power to gas - full on? 
- with biogas too Navigant puts 
the renewable gas potential at 270 
bcm p.a. by 2050, up from 122 bcm 
in its 2017 study, with P2G syngas 
playing more of a role alongside 
biogas, but with fossil-gas SMR 
hydrogen + CCS filling in for a 
while. Their 2017 study ‘looked a 
bit at green hydrogen but only from 
the potential of curtailed electricity, 
when there is over-production of 
wind & solar and the electricity is 
basically for free. So that was quite 
a limited scope.’ The new study, 
‘looked at green hydrogen supply 
& electricity production more 
broadly. Once all the demand for 
direct electricity is satisfied with 
renewable energy, you can build 
additional wind turbines & solar 
panels specifically dedicated to 
producing green hydrogen.’ Does 
that make sense? Surely by 2050 
there will be plenty of (free) 
surplus green power for P2G? But 
not all the time.  
 

 
 

www.gasforclimate2050.eu/files/files/Navigant_Ga
s_for_Climate_The_optimal_role_for_gas_in_a_net
_zero_emissions_energy_system_March_2019.pdf  
 

Power back up using 
synchronous capacitors   
Gas-fired back-up may not be needed: 
https://reneweconomy.com.au/gas-future-dims-
as-networks-find-cheaper-alternative-to-high-
renewables-grid-20185 
 

Putting it all together 
In a hybrid system in Tasmania  
www.kingislandrenewableenergy.com.au   and  
http://irena.org/EventDocs/T1%20Grids%2004%20
Simon_Gamble%20final%2020150623.pptx 
and another, on the mainland: 
https://edlenergy.com/project/coober-pedy/ 
 
 

Also P2L fuels: www.carbonrecycling.is 
	

Fuel cells- G2P! 
www.proactiveinvestor
s.co.uk/companies/new
s/211982/afc-energy-
closes-in-on-launch-of-
commercial-fuel-cell-
211982.html and CHP: 
 

Local 
Power 
Trading 

 

Dubai wind/PV hybrid 
with storage: www.pv-
magazine.com/2019/01/23/smar
t-grid-based-hybrid-wind-solar-
project-goes-online-in-dubai/ 
 

Micro grids 
www.greentechme
dia.com/articles/rea
d/lessons-learned-
from-californias-
pioneering-
microgrids      USA     

 

https://fuelcellsw
orks.com/news/w
orlds-smallest-
high-efficiency-
household-fuel-
cell-cogeneration-
system-ene-farm-
mini-developed/ 
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Green Hydrogen in the UK                                       Special Feature 
Green hydrogen, made using renewable sources of power, is a key hope for the future, with the 
electrolysis route being arguably the best option: https://theenergyst.com/green-hydrogen-how-to-get-there   
It offers a way to balance variable renewables. Surplus renewable output, produced when more power is 
generated than is needed, can be converted to storable hydrogen gas, ready for power generation in a fuel 
cell when there is a lull in renewables. Some of the hydrogen gas can also be fed into the gas mains for 
heating, or be used in vehicles. Hydrogen is thus a flexible fuel - although some still see the electrolysis 
route as being expensive compared with producing hydrogen by the steam reformation of fossil gas, the 
current main approach: www.theiet.org/media/4095/transitioning-to-hydrogen.pdf 
However, there are other views. One study claimed that renewable hydrogen  
production using excess green power was already competitive in niche markets  
and could be so across the board in 10 years:  
https://energypost.eu/renewable-hydrogen-already-cost-competitive-says-new-research/  
The IEA says that ‘the cost of producing hydrogen from renewable electricity  
could fall 30% by 2030 as a result of declining costs of renewables and the  
scaling up of hydrogen production’: www.g20karuizawa.go.jp/assets/pdf/The%20future%20of%20Hydrogen.pdf    
IRENA says ‘Hydrogen from renewable power is technically viable today and is quickly approaching 
economic competitiveness’: www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Sep/IRENA_Hydrogen_2019.pdf.  
Crucially, whereas the fossil-methane steam-reforming process inevitably generates carbon dioxide gas, 
and capturing and storing that would add significantly to the cost, the production if hydrogen electrolysis 
using renewable power involves no carbon emissions.  
ITM Power steal a march  And at long last things are moving. ITM Power, the UKs pioneering energy 
storage and hydrogen fuel company, has developed an efficient ‘Power to Gas’ electrolysis system: 
www.itm-power.com.  It now plans to expand its manufacturing headquarters in Sheffield, so that it will have a 
P2G electrolyser manufacturing capacity of up to 1 GW p.a., the largest in the world: 
www.proactiveinvestors.co.uk/companies/news/224261/itm-power-inks-agreement-for-new-manufacturing-base-in-sheffield-224261.html  
ITM Power has already been working on hydrogen production and delivery for vehicles and for gas grid 
injection and cavern storage:  www.itm-power.com/news-item/ofgem-funding-for-uks-first-hydrogen-trials-on-the-public-gas-
network and  theenergyst.com/itm-power-gets-funding-to-explore-100mw-power-to-gas-project/  
And now, moving things on, it has received £0.5m for a feasibility study of  
low-cost 5 MW polymer electrolyte membrane (PEM) modules & a semi- 
automated manufacturing facility, aiming to make 100 MW+ electrolyser  
packages for bulk, low-cost, green hydrogen generation and eventual 1 GW  
scale production, assuming all goes well and further funding materializes.  
The ‘Gigastack’ feasibility study with Ørsted & Element Energy is certainly 
a step forward. ITM Power say that ‘the deployment of PEM electrolysers on 
such a large scale has not been possible to date, as it requires low-cost stack 
modules which are easily integrated into larger electrolyser systems, and much  
larger automated manufacturing facilities (the current largest electrolyser 
factories globally are capable of less than 30 MW of capacity output p.a.)’. 
ITM Power’s proposed innovations in stack design and manufacturing  
techniques will address these issues and reduce the cost of installing an  
electrolyser such that the capital cost contribution to the eventual cost of 
hydrogen becomes less significant, being dominated by the cost of electricity. 
Ørsted intend to demonstrate the synergy between GW-scale offshore wind  
energy deployments & hydrogen that will enable the continued decarbonisation 
through renewables & a continued ‘cost-out’ of offshore wind power projects. 
Element Energy will conduct market analysis of potential end users, explore  
business models for the operation of large electrolysers in the energy system and 
define a roll-out strategy for the first 100 MW electrolyser sites. 
ITM Power’s PEM cell is very flexible, unlike some of the rival techs, some of  
which, like Solid Oxide Electrolysis (SOE) cells, need high temperatures to run.  
SOE, and the fuel cell variant, SOFC, may well find applications, with some  
interesting work being done on this: www.openaccessgovernment.org/electricity-from-renewable-sources-2/68831/  
However, ITM Power’s PEM cells are already being used in various projects for green P2G in 
Germany, e.g.: www.itm-power.com/news-item/shell-rheinland-refinery-update   
A possibly unique series of UK export sales breakthroughs, and with UK projects now getting 
going, ITM Power seem to be well placed to move ahead. The Giga stack UK project is part of a 
wider £390m government-backed programme supporting industrial applications of hydrogen: 
www.thechemicalengineer.com/news/uk-government-pledges-390m-to-develop-hydrogen-technology/ with hopefully more 
projects to follow: www.energylivenews.com/2019/08/15/the-uk-cannot-reach-net-zero-without-using-hydrogen-tech 

Other views on H2 
www.worldenergy.org/public
ations/entry/innovation-
insights-brief-new-hydrogen-
economy-hype-or-hope 
https://foe.scot/energy-
choices-for-climate/ 
 

Wind P2G 
There are plans 
for hydrogen 
production using 
4GW of floating 
offshore wind 
turbines, with on-
board P2G 
conversion, and 
some on board gas 
storage, the gas 
then being piped 
to shore, this 
being seen as a 
cheaper option 
than undersea 
power links. A 
2MW pilot is 
planned first.   
www.rechargenews.co
m/wind/1850034/floati
ng-wind-to-hydrogen-
plan-to-heat-millions-
of-uk-homes See p7. 
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7. Carbon saving 

 
 

Another option is CCU - convert the CO2 into a synfuel, using hydrogen from P2G. 
Creating a valuable fuel offsets the cost: www.bbc.co.uk/news/science-environment-47638586  
But when it’s burnt you get the CO2 back again. It’s also hard to extract CO2 from the tiny 
0.039% in the air - easier from power plant outputs. Though soon they will be halted!  
UK push www.energyvoice.com/oilandgas/195356/uk-carbon-capture-advisory-group-to-include-bp-and-shell 
CCS reprised  It can’t be done fast enough on the scale needed and its unclear if 
its even possible, or safe or economic, so said a 2016 review. It quoted Vaclav Smil:  
‘to sequester just a fifth of current CO2 emissions we would have to create an entirely 
new worldwide absorption-gathering compression-transportation-storage industry 
whose annual throughput would have to be about 70% larger than the annual volume 
now handled by the global crude oil industry, whose immense infrastructure of wells, 
pipelines, compressor stations & storage took generations to build.’ It concludes: 
‘Eventually, negative emissions technologies, including CCS, may have to be developed 
and deployed as a kind of emergency planetary liposuction. But it would be far better to 
first reduce our diet of fossil fuels as quickly as possible through conservation, 
increased energy efficiency, and the deployment of emissions-free technologies.’  
 

https://thebulletin.org/2016/10/wed-have-to-finish-one-new-facility-every-working-day-for-the-next-70-years-why-carbon-capture-is-no-panacea/   
 

Since that emerged, although there may still be a case for CCS for 
some industrial plants emissions (e.g. from concrete production), the 
case against CCS for power plants has got even stronger, with many 
projects being abandoned. But carbon capture & utilisation, may be 
in with a chance, the two often being run together as ‘CCUS’.  
A UKERC report looking at a range of energy innovation 
histories, says ‘this complex infrastructure is not proceeding 
on the innovation pathway required to meet the IEA’s 
Sustainable Development Scenario (2018). While incentives 
have been implemented in the US, UK, Canada, & Norway, 
projects have stalled or not translated into a pipeline of 
future projects. A common feature of these cases is a stop-
start approach to demonstration, which has been ineffective 
in the context of promoting CCUS deployment.’ 
It says that to help in the UK, there’s a need ‘to demonstrate 
complex infrastructure including CCUS, BECCS & DACCS 
at scale. Industrial clusters, in which adding CCUS may be 
relatively low-cost for some processes, are being considered 
a potentially better starting point for building up a shared 
CCUS infrastructure than large single power station projects.’  
It notes that, done fully ‘CCUS would involve the construction of a 
large-scale infrastructure which would be shared by numerous point 
sources and storage points. It is instructive that most comparable 
national level infrastructure systems have been constructed under 
the guidance of national level coordinating bodies, such as the 
Central Electricity Board in the case of the original electricity 
transmission network in the UK, & the Gas Council for the natural 
gas grid.’ Is it really worth it? Especially if its only an interim option. 
www.ukerc.ac.uk/publications/aldersgate-report-net-zero.html 
Another approach - better farming for carbon capture: 
www.drawdown.org/solutions/food/regenerative-agriculture Natural sinks- 
the best option? www.energycentral.com/system/files/ece/nodes/360791/climate_change_-_when_time_runs_out.pdf 
Though how about this? www.energylivenews.com/2019/10/15/researchers-develop-porous-polymer-to-trap-carbon-dioxide/ 

Direct Air Capture  
of carbon dioxide from the atmosphere  
has been talked up as a ‘last gasp’ option. 
See this Canadian proposal - and pic left:  
https://carbonengineering.com/carbon-engineering-
concludes-usd68-million-private-investment-round/ 
DACCS takes energy to run, but that can 
be green energy, and it does occupy less 
space than trees.. or other biomass. But  
you have to store the CO2 somewhere. 
Like all Negative Emission Tech- see right 

DACCU 
Direct Air Carbon Capture 
and Utilisation Fuel from 
air! The main problem is that 
there’s not much CO2 in the 
air! And it needs power to run 
the system- and a source of 
hydrogen to make the synfuel 
with the captured CO2. Power 
could come from PV, and PV 
could also be used for P2G 
hydrogen production, but is 
this the best use of PV? To 
make vehicle fuel? Maybe. 
But DACCU wont be carbon 
negative - CO2 is produced 
again when the synfuel is 
burnt. But, with PV, it would 
be near carbon neutral. 
Christian Bayer from LUT in 
Finland also says, with costs 
falling, DACCS may offer a 
better negative carbon option 
than ‘heavily criticized 
bioenergy carbon capture 
and storage’. i.e. BECCS 
Maybe- it does avoid land use. 
See:ihttps://doi.org/10.1016/j.jclepro
.2019.03.086  from Bayer et al, and 
https://link.springer.com/article/10.1
007/s11027-019-9847-y 
Alsoisee:iwww.bbc.co.uk/news/amp/
business-49725741 

N
E

T
s :https://pubs.rsc.org/en/Content/A

r
ticleLanding/2019/EE/C

8EE03338B 

                                
                

 A
nother view

- CCS
 an

 interim
 option  

https://airqualitynew
s.com

/2019/04/11/w
hy-carbon-

capture-is-crucial-if-industry-is-to-cut-em
issions/ 

A
nother view

- 
C

C
S w

ill be cheaper :w
w

w
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er-
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/features/carbon-capture-cost/  
O
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w

w
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8. Energy Saving - avoiding carbon emissions 
We must stop wasting so much energy. There are myriad ways to do that. Most operate at the 
point of use, using it more efficiently. A big list for all sectors, including the industrial sector: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/785541/energy-efficiency-scheme-smes-cfe.pdf   
 

Buildings are also a key focus. Heat loss (at other times overheating), can be cut by good design/ 
fabric choice, but sometimes by supply changes e.g. large heat pumps for district heating/cooling: 
www.youtube.com/watch?v=iVgOLyeEK90  There’s lot to do on all fronts. But €112 m EU funding is 
available for energy efficiency research, innovation & market uptake: https://ec.europa.eu/info/news/new-
call-energy-efficiency-open-2019-mar-13_en  And the EU has a challenging 32.5% demand cut 2050 target. 
But is that enough? And, in general, should prices be raised to cut energy use? Big equity issues. 
https://energyathaas.wordpress.com/2019/06/03/how-much-electricity-consumption-is-too-little/  

9. Vehicles Electric vehicles are all the rage - since they can reduce emissions. 
But not much, compared with alternatives: IC engines using green gas are said to be much better:  
www.cesifo-group.de/ifoHome/presse/Pressemitteilungen/Pressemitteilungen-Archiv/2019/Q2/pm_20190417_sd08-Elektroautos.html 
EVs can even be ‘worse than diesels’: http://brusselstimes.com/business/technology/15050/electric-vehicles-e 
Well maybe, it all depends on sources: www.carbonbrief.org/factcheck-how-electric-vehicles-help-to-tackle-climate-change 
Though they do work: www.greencarreports.com/news/1090685_life-with-tesla-model-s-one-year-and-15000-miles-later 
But they don’t cut road congestion or parking space needs. Self-driving cars may jam up even worse: 
https://nextcity.org/daily/entry/self-driving-cars-have-every-incentive-to-create-havoc Cheaper than parking! 
And not save much energy: https://energyathaas.wordpress.com/2019/03/04/_v_astly-_m_ore-_t_ravel/ 
Though, Vehicle to Grid power uploads from EV batteries can help with balancing,  
if there’s enough charge left at the end the day to help with evening peak demand. 
IRENA is keen: https://irena.org/publications/2019/May/Innovation-Outlook-Smart-Charging  
But here’s an alternative to Li Ion batteries - a salt water cell: www.nanoflowcell.com  
and www.dailymail.co.uk/sciencetech/article-2739768/ Safer than li-Ion batteries, which can catch fire:  
www.sixthtone.com/news/1003898/shanghai-tesla-exploded-due-to-bad-battery%2C-govt-inspector-says  
And IDTechX looks to solid state/polymer batteries: www.idtechex.com/emails/10715  

All change for rail & cars https://theconversation.com/why-trackless-trams-are-ready-to-replace-light-rail-103690          
https://theconversation.com/cars-will-change-more-in-the-next-decade-than-they-have-in-the-past-century-113585  
Beyond cars: www.newscientist.com/article/2197211-electric-cars-wont-shrink-emissions-enough-we-must-cut-travel-too/        
Green Trams in Nottingham: www.newpower.info/2019/03/tram-contract-win-for-robin-hood-energy/ Trams avoid tyres 
Geneva supercapacitor regen www.offgridenergyindependence.com/articles/4644/trams-to-harvest-regenerative-braking 
Hydrogen train https://theconversation.com/hydrogen-trains-are-coming-can-they-get-rid-of-diesel-for-good-110450 
Trolly’busesiwww.eltis.org/discover/news/europes-first-trolley-battery-hybrid-bus-operating-eberswalde-germany-0 
 

Hydrogen buses - a LNG replacement in Australia: 
www.theguardian.com/environment/2019/apr/08/the-perfect-storm-
woodside-energy-and-siemens-invest-in-australias-hydrogen-economy 
350 miles in US: www.energylivenews.com/2019/05/01/hydrogen-
bus-drives-for-350-zero-emission-miles London-Double Decker: 
 www.theguardian.com/uk-news/2019/may/10/london-to-have-world-first-hydrogen-powered-doubledecker-buses  
 

Electric planes are also on the way: www.electro-flight.com For short haul: www.bbc.co.uk/news/business-48630656 
www.forbes.com/sites/jamesellsmoor/2019/03/07/innovation-takes-to-the-skies-electric-planes-are-about-to-revolutionize-the-airline-industry/ 
 

Green Gas-powered ships So far LNG use is marginal (untaxed oil dominates), but it may spread 
and be a precursor for the use of green SNG:  www.motorship.com/gfsconference/latest-news101/conference-highlights  
PV/wind powered ship with hydrogen store: www.independent.co.uk/environment/energy-
observer-hydrogen-powered-zero-emissions-ship-london-climate-a9146571.html Vehicle round-up > 
 

10. Nuclear                                 
Chernobyl Retrospectives:u 
www.nature.com/articles/d41586-019-00678-w  
Also www.theguardian.com/commentisfree/2019/apr/04/chernobyl-nuclear-power-climate-
change-health-radioactivity and www.nybooks.com/articles/2019/04/04/chernobyl-syndrome/ 
Monitoring https://physicsworld.com/a/glimpsing-chernobyls-hidden%E2%80%AFhotspots/ 
 

Small Japanese nuclear error: www.asahi.com/ajw/articles/AJ201901090057.html 
Waste saga goes on for ever- trade it: https://theenergymix.com/2019/03/10/hot-
garbage-grifters-snc-lavalins-plan-to-turn-nuclear-waste-into-long-term-gold/    Russia does have a floating nuke.. 
Fessenheim to close at last: www.world-nuclear-news.org/Articles/Fessenheim-plant-to-shut-by-mid-2020 
 

Next: SMRs - ‘cheap, safe and clean’. Here we go again.. into another costly dead end? 
www.forbes.com/sites/kensilverstein/2019/03/21/are-pint-sized-nuclear-reactors-a-cheap-way-to-cut-greenhouse-gas-levels   
US talks nuclear up The US Energy Information Administration said US nuclear plants  
had their highest output level ever in 2018, despite several plant closures. And the Dept. of Energy offered 
more federal loan guarantees of $3.7 bn for the continued construction of Vogtle. Energy Secretary Rick 
Perry said it was ‘critically important to supporting the Administration’s direction to revitalise & expand 
the US nuclear industry’.  He’s also backed a fast reactor test bed: www.energy.gov/ne/articles/doe-theres-definite-
need-fast-test-reactor We’ve been here before. The sad repetitive old story goes on. There are better stories… 

Withiusiforeveri 
 

https://phys.org/news/201
9-04-siren-nuclear-fallout-
embedded-glaciers.html 

  

No safe dose 
https://academic.ou
p.com/rpd/article/1
73/1-3/21/2558799 
 

Where will the hydrogen come from? 
Surplus green power-to-gas electrolysis. H2 has 
fire risks- but so does petrol. Li Ion batteries too. 
 

 Solar Cars 
www.edie.net/news/8/
Solar-car-with-range-
of--up-to-800km--to-
launch-next-month---/ 
www.energylivenews.c
om/2019/08/07/hyunda
i-unveils-hybrid-car-
with-solar-panel-roof 
www.creativitybay.co
m/design/toyota-is-
building-a-solar-car-
that-runs-forever/ 
 

Fusion-too late? 
https://theconvers
ation.com/conserv
atives-nuclear-
fusion-by-2040-
pledge-is-wishful-
thinking-124404 
 

 H
ydroegn 

w
w

w
.driving.co.uk/new

s/britains
-clean-fuel-sham

e-uk-fallen-
hydrogen-car-race/ 

H2
> 

Floating       
Nuclear! 

 
 https://theconversation.com/electric-

cars-are-here-but-well-still-need-fuel-
for-a-long-time-124672 
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Transport  a big global energy user & emission source (both soon ~30%)     

 

 

  
  Transport emissions - mostly from cars                           
                                                     Global Energy growth                     

                                     
No easy answers - EVs have their limits. There may not be enough Lithium for their 
batteries and mining it is very invasive. EV doesn’t reduce congestion or the need for more car parks 
and roads. We need to use trains, trams and buses more, run them on green power, and cycle & walk.  
We will be increasing our coverage in Renew of these issues in 2020.  

 

 

But cars are worse in total terms 
Most of us do a lot more driving than 
flying, so that uses more energy in all 
(see left) and creates more emissions. 
We need to do something about cars  
One future view: www.irena.org/-
/media/Files/IRENA/Agency/Publication/2016/IRENA_
REmap_Transport_working_paper_2016.p 
      

 

 

Flying is a big part of 
some people’s CO2 debt  

Transport energy growth (top curve) 
fell off after 2007- the recession? 

 

https://ec.europa.eu/clima/
policies/transport_en 
 

www.eia.
gov/outlo
oks/ieo/p
df/transp
ortation.p
df 
www.iea.
org/tcep/t
ransport/ 
 

Global car sales 

IRENA 

Info 

Global
CO2  
 

Road 
users 
21%  
Ships 
3.2% 
Planes 
2.0% 
Trains 
0.3% 
Legs 
0% 
 

Aviation is bad, 
with emissions 
growing 

Cars are the 
largest 
transport 
energy user 
user in 

Extra Feature 
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11. Conclusions - on to 100% renewables by 2050  
There should be no shortage of green power from wind and PV by then, as LUT have suggested: 
https://reneweconomy.com.au/solar-dominated-renewable-energy-world-possible-by-2050-and-cheaper-92830 
However, renewables can’t supply full power 
all the time, although what matters is meeting 
peak demand, which only occurs for a few 
hours each day - and it is relatively easy to 
meet that with some flexible backup, storage 
and balancing, as Wartsila suggest, see right: 
www.wartsila.com/docs/default-source/power-plants-
documents/downloads/presentation/towards-a-100-renewable-
energy-future---presentation.pdf 
The backup plants can be run on stored P2G 
renewable gas (which can also meet demand 
during the occasional longer lulls in green 
power availability), produced from surplus renewable output (so avoiding curtailment), making it 
all 100% green/Zero C, though local patterns will depend on what is done about transport & large 
industrial users. Germany says they may need to import some green gas/synfuels: 
www.euractiv.com/section/climate-strategy-2050/news/germany-eyes-massive-imports-of-liquid-solar-fuel-from-africa-australia/   
Is that really necessary, given that they will have so much surplus renewables output at times? 
Assuming it can be P2G-converted and stored in bulk. Another option for them is to make more 
synfuels themselves, using fossil inputs, as is already done quite widely: www.dakotagas.com  and 
https://en.wikipedia.org/wiki/Sasol  Some even look to Integrated  
Coal Combustion Gasification plants making hydrogen.  But 
none of that would be carbon neutral. Air or power station 
CCU could be, but would need a P2G hydrogen (and extra 
energy) input to make fuel. Better to use zero carbon green 
hydrogen direct, maybe converted to synfuels (e.g. methane 
or methanol) with captured CO2. That would still be zero 
carbon when the synfuels were burnt. So there’s a zero carbon 
set of options for Germany and the rest of us, without any 
nuclear, or fossil CCS, although a bit of BECCS or perhaps 
BECCU might be helpful at the margins. So might some of 
the longshots - see the sample in the Box.  
What next?  There are debates on details, but a coherent 
potential zero-C energy mix does seem to be emerging.  
It will involve some major changes and that presents political 
problems galore. Will objections to change overwhelm what 
seem to be a growing support for limiting climate change? 
Can costs be kept down to avoid consumer backlashes?  
These are some of the issues now facing us. They mean 
there’s a continuing need to improve and develop new and 
old technologies. But we can do that. What is less clear is 
whether the political will is there to follow through to make 
what is possible and needed into an actual reality around the 
world. Dave Elliott’s new book for Polity press (out next year),  
‘Can Renewable Energy Deliver?’, will look at some of the  
political and strategic uncertainties - and opportunities.        

12.  Renew on Line 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. 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  

 
Technology Longshots 
  

* Flying wind- an outlier still: 
    www.youtube.com/watch?v=5c8ofmpfJVI 
and www.bbc.co.uk/news/business-48132021 
 

* Tidal current turbines- all sorts: 
    https://marineenergy.biz/category/sectors/tidal-energy/ 
 

* PVT- hybrid solar CHP: 
    www.youtube.com/watch?v=K68banNzhlw 
* Better Batteries/P2G- using  
   phosphorene nano-ribbons:  

https://theconversation.com/we-accidentally-
created-a-new-wonder-material-that-could-
revolutionise-batteries-and-electronics-115347 

*Water-based batteries:  
https://physicsworld.com/a/water-based-batteries-
enable-a-green-energy-future  

*Liquid metal battery-still on?  
    www.youtube.com/watch?v=Sddb0Khx0yA 
 

* Fuel Cells- for improved G2P: 
https://theenergyst.com/proton-power-systems-
hydrogen-fuel-cell-big-deal/ 

*Hydrogenihopesifromisolidistatei
process:www.ncl.ac.uk/press/articles/la
test/2019/05/greenhydrogen/ 

* Low carbon hybrid town heat: 
….https://assets.publishing.service.gov.uk/government/u

ploads/system/uploads/attachment_data/file/794998/C
onverting_a_town_to_low_carbon_heating.pdf  

 

But maybe still not SMR/CCS? 
….https://notalotofpeopleknowthat.wordpress.com/2

017/09/03/govt-to-reignite-hideously-expensive-
hydrogen-gas-plan/.. or even P2G hydrogen? 
Though cheap P2G may be here soon 

…and there are a lot more tech ideas-  
    some old, some new. A round up:         www.youtube.com/watch?v=JKXnQnaiqI8 

Bill Gates has some nice ideas  
 

www.weforum.org/agenda/2019/05/a-critical-step-
to-reduce-climate-change/ But not his nuclear push  
 

Andifinallyihowiaboutithis:www.lowtech
magazine.com/2019/06/wooden-wind-turbines.html 
 

Improved efficiency of 
energy use is vital in all 
sectors and can cut peaks   


