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It got cheaper 
faster than 
than most 
expected  

…but so 
did solar 
PV-  
and it 
may 
dominate 
in the 
years 
ahead   
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How it could have been - and may be soon anyway.. 

  
Back in 2016, Prof Keith Barnham et al., mapped out renewable growth pathways for the UK 
and Germany, China and others, assuming exponential growth continued: see above. It didn’t - 
there were cuts. Even so, some growth continues there and also elsewhere, notably in China. The 
horizontal KKK lines on the charts are targets for each source that Barnham et al. say Germany 
and the UK have to hit to achieve an all-renewable electricity balanced supply mix along the lines 
of the German 100% Kombikraftwerk mix. It’s still possible. http://go.nature.com/2cKxuBK 
Certainly the last year has seen progress in that direction in the UK and elsewhere (see the first 
two charts above), with, as cost fall, wind & especially PV booming globally. Energy storage is 
also now booming, with, for example, EDF planning to invest €8bn in 10 GW extra on top of the 
5 GW it already has: www.edie.net/news/6/EDF-to-invest-EUR8bn-in-energy-storage-leadership-bid--/  
After a roundup of the wider context, we report below on new technological developments in all 
these fields & others, including nuclear - still alive & kicking! e.g. https://twitter.com/TerrestrialMSR 
Note that our focus here is on new technology and technical progress, not on policy developments 
or implications: that is covered more in the bimonthly Renew On Line: see details at the end. As 
in that though our focus is mainly on the supply side, although we also cover system integration, 
demand management and energy efficiency - vital parts of the overall system change. Certainly, 
in all sectors, big changes are underway, with more to come. See our conclusion. 
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The new winners?  Floating offshore wind and big PV 

 

 
 

But not everywhere: www.theguardian.com/world/2018/apr/19/japans-renewable-energy-puzzle-solar-push-threatens-environment 

The state of play… 
China leads in total renewable 
investment, with a record-high 
spending up 31% last year, and ~53 
GW of PV added. Globally, PV 
attracted far more investment than 
any other, $160.8 bn, an 18% annual 
increase. But wind remains the 
largest new renewable.  
https://news.un.org/en/story/2018/04/1006651 
Energy storage also booms- it could 
reach 8.6GW/21.6GWh by 2022: 
www.pv-tech.org/news/gtm-global-energy-storage-
market-could-reach-8.6gw-21.6gwh-by-2022 
See this good overview of progress: 
https://physicsworld.com/a/energy-storage-
technologies-vie-for-investment-in-at-aem-2018/  
We will need it all- if demand rises: 
www.theguardian.com/environment/2018/apr/17/de
mand-for-cooling-predicted-to-outstrip-heating-as-
earth-warms 

Catapult say floaters and kite-based 
systems will be the new norm   

Large scale solar in deserts - Saudi’s aim for 200 GW by 2030! 
 

.. now sidelined? 
www.dw.com/en/saudi-
arabia-puts-worlds-biggest-
solar-power-project-on-
hold/a-45706685 
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It’s also vital to move beyond electricity - heat networks & heat stores, increasingly using green 
energy sources, can play key roles: www.theade.co.uk/resources/publications/market-report-heat-networks-in-the-uk  
Climate change is still a key driver 

 
Choices We do of course have to choose the best options to deal with this, and that will 
involve assessment of costs, eco impacts and reliability. The UK-based Energy Matters has a 
contrarian approach on climate and is usually critical of most renewables. But it did spend a while 
this year reviewing some of the options, in a team effort. It’s still to come up with final full cost 
conclusions, but its interim assessments were mostly predictable, nuclear and fossil CCCs came 
out best, most renewables trailing behind: http://euanmearns.com/the-weighting-game-a-preview-of-
energy-game-results/  It just goes to show how views can differ. Globally, the market seems to have 
come to different conclusions, at least on wind & solar. Even the usually very conservative US 
Energy Information Administration has renewables romping ahead in energy, as does the IEA, 
while Bloomberg look to even faster renewable power growth. 

 
Meantime, storage is big news, though it’s not clear if big battery 
arrays, as at the Pen y Cymoedd wind farm in Wales (right) are the 
best way ahead. There may be better grid balancing options. But it’s 
a practical starting point: https://insights.globalspec.com/article/10029/fossil-
fuel-plant-to-transition-to-solar-and-energy-storage-service Though here’s another: 
 

www.sciencedirect.com/science/article/pii/S0306261918314740?via%3Dihub 

Getting even bigger: GE’s 
planned 12 MW wind turbine   Big and small can work together  

The drive to big systems, reaping economies of scale, 
doesn’t always have to mean large devices. Widely 
distributed deployment of multiple small units can also 
play a role, if suitably integrated. Battery storage can help 
deal with short-term local fluctuations, but larger-scale 
balancing systems, including balancing over wide areas, 
demand management and backup supply using stored 
green fuels, are needed for longer lulls in wind/solar: 
www.windpowermonthly.com/article/1460191/palliative-not-panacea     
 

Even if some of the GHG warming 
has initially gone into the sea rather 
than raising air temperatures, that’s 
having a big impact on the oceans, 
and longer term it all leads the same 
way - to ecosystem crisis. And in the 
short term there are urgent air quality 
crises in some cities. We need to get 
stuck in to mitigation fast. That will 
cut the social and economic costs of 
using fossil fuels.   
 

 

BNEF           
Power 

EIA 
Energy 

 

Credit: Vattenfall/Steve Pope 
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WIND and SOLAR booming….  
 

  

…while we rethink ‘baseload’ - it’s not needed    

 
 

Inflexible ‘always on’ plants are no use in the new flexible system needed to balance variable renewables  
http://files.brattle.com/system/publications/pdfs/000/005/456/original/advancing_past_baseload_to_a_flexible_grid.pdf 

REN 21: www.ren21.net/gsr-2018/ 
 

Wind  
The capacity leader still 
and still growing fast, 
but not as fast as PV    

Solar PV 
BNEF says that in the first half of 2018 there 
was 19% fall in PV financing due mainly to 
Chinese cut backs, but PV still saw more 
investment globally than wind 
www.greentechmedia.com/articles/read/solar-investment-
down-nearly-20-percent-from-first-half-of-2017 

 

 

NEXT 
15MW wind 
turbines may 
be possible  
soon for off 
shore wind: 
www.windpower
offshore.com/artic
le/1487519/turbin
es-exceed-15mw-
lower-lcoe 
But not every 
one thinks 
battery solar 
is wise:  
www.heartland.
org/news-
opinion/news/u
k-study-
debunks-
efficiency-of-
rooftop-solar-
battery-backup-
power 
More on 
both below.. 
Though the 
prize for the 
most amazing 
innovation 
must surely go 
to this - a PV 
clip-on to 
railway track 
sleepers: 
www.smartrailworl
d.com/solar-
panelled-tracks-
renewable-plan-
support-the-world-
future-energy-
demands  

PV is the keystone 
www.current-
news.co.uk/news/solar-a-
new-backbone-of-global-
power-vattenfall-says 
 

Talking up w
ave and tidal pow

er 
w

w
w

.idtechex.com
/research/report

s/w
ave-tidal-and-hydro-pow

er-1w
-

10m
w

-2018-2038-000607.asp 
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1.WIND POWER  booming on land and at sea - as costs fall  
Off shore wind cost trends  

 

 
 

Offshore wind turbines get ever larger    

 
A bit of offshore history www.statoil.com/en/magazine/how-hywind-was-born.html#floating-wind 
Global offshore review www.renewableenergyworld.com/ugc/articles/2018/06/19/offshore-going-global.html 
A bit of knocking copy www.thegwpf.com/offshore-wind-fiasco-green-industry-faces-billions-in-
compensation-for-early-repairs More accurate: http://renews.biz/110279/anholt-grapples-with-blade-fix/ 
 

Deicing with drones www.aerones.com/eng/drones/wind_turbine_maintenance_drone/        Wind  Tech updates 
Quieter www.businessgreen.com/bg/news/3028408/test-project-aims-to-deliver-cheaper-and-quieter-offshore-wind-installation 
Audio scarers to cut bird strikes: www.independent.co.uk/environment/sound-waves-prevent-millions-birds-flying-wind-
turbines-farms-a8214356.html and www.digitaltrends.com/cool-tech/wind-turbines-stop-eagles-flying/ 
Storm protection aid for coastal areas: https://physicsworld.com/a/offshore-wind-farms-could-protect-coastlines/ 
Telescoping tower www.windpoweroffshore.com/article/1491045/turbine-telescopic-tower-installed 

8MW now,12MW soon: 
www.renewableenergyworld.com/articles/2018/03/ge-
makes-way-for-12-mw-haliade-x-for-offshore-wind.html 
 
WindEurope 

 

Offshore wind  
will reach 115GW by 2030 
globally, says Bloomberg New 
Energy Finance, with the US 
stepping up soon, but China 
dominating and overtaking the 
UK after 2020. See left. 
https://about.bnef.com/blog/global-
offshore-wind-market-set-to-grow-
sixfold-by-2030/ 

Offshore 
wind  
projections 
in GW 

 
 

 

http://ieefa.org/wp-
content/uploads/2018/
02/Cheap-Renewables-
Transforming-Global-
Electricity-2018.pdf 
 

      Some bids at  
         $18/MWh!  
 

15MW designs by 2030  
http://renews.biz/110288/catapult-
predicts-offshore-future/ 

JRC Wind 
Market  
Review  
 

https://publicati
ons.europa.eu/e
n/publication-
detail/-
/publication/d1
31d668-0a13-
11e7-8a35-
01aa75ed71a1/l
anguage-en 
 

US goes offshore 
8GW planned: 
www.renewableenergyworld.com/ug
c/articles/2018/02/07/the-launch-of-
a-us-offshore-wind-industry.html 
  

US Public reactions 
www.sciencedirect.com/science/artic
le/pii/S2214629618301956 

On shore wind 

www.bbc.co.uk/news/business-43576226 
 

Onshore 
wind 
costs fall  
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Offshore wind - excellent new prospects  
UK offshore wind Over 7.5 GW so far. Statoil’s new floating units  
achieved a 65% capacity factor in Nov-Jan, better than most fossil plants! 
  

www.greentechmedia.com/articles/read/worlds-first-floating-offshore-wind-farm-65-capacity-factor#gs.gxfYAKI  
Annual CFs will of course be lower - but still maybe 55%? 
Ireland The ~750 MW North Irish Sea Array has been revived by Element  
Power, which has acquired the stalled project from previous developer Gaelectric.  
US Offshore wind The best East coast sites are in the north says this study:  
http://eta-publications.lbl.gov/sites/default/files/offshore_wind_value_final.pdf  The West coast too. 
Cost cuts are looked for. New Energy Update’s White paper ‘Maximizing US  
Offshore Wind Project Margins’ says that industry experts think that achieving a  
LCOE of less than $0.1/ kWh is an achievable target for US offshore wind if the  
industry can scale. But to achieve the level of cost reductions seen in Europe, up  
to 3 or 4 GW a year of new capacity might be needed in the US market, according 
to Iberdrola, which is developing projects in Massachusetts & North Carolina: http://bit.ly/2HCT7QD 

France Ecolink are looking to install their novel design off Brittany. Its single point mooring system is 
claimed to simplify installation and maintenance: www.eolink.fr/concrete5.7.2.1/index.php  Ideol has developed a 
square rig barge-style concept with a central pool to dampen motion. Good for shallow water locations 
where the sea bed is not suited for piles. Floatgens barge design should be installed soon.  
But, sadly, Vertiwind, the developer of a novel 2.4 MW vertical axis design, has gone bust: 
www.windpoweroffshore.com/article/1462375/vertical-axis-firm-nenuphar-enters-liquidation 
Germany Aerodyn is developing a novel 2-blade downwind SCDnezzy 6 MW floating unit 
for test in Japan: www.windpowermonthly.com/article/1455387/windtech-aerodyn-prepares-scdnezzy-japan-tests 

China 10 offshore wind farms are being built in South China’s Guangdong Province -12 GW   
by 2020: www.offshorewind.biz/2018/01/25/guangdong-province-to-kick-start-10-offshore-wind-projects-in-2018/ 

Taiwan 5.5 GW offshore by 2025: www.windpoweroffshore.com/article/1462340/taiwan-sets-55gw-plan 

*Floating options Spar buoys (Hywind), semi submersibles (Principle Power, WindFloat), 
 barges (Floatgen): see New Energy Update White paper: http://1.newenergyupdate.com/LP=20084 
 

On-shore wind still prospers 500 GW+  
Enercon turbines get taller. See right for a French deployment - 
135 metre hub height in a community owned project 
www.enercon.de/fileadmin/Redakteur/Medien-Portal/windblatt/pdf/Windblatt_01_18_GB.pdf 
Germany has over 46 GW: www.cleanenergywire.org/factsheets/german-
onshore-wind-power-output-business-and-perspectives  China near 200 GW. 
Wind - there’s a lot of it about on and offshore,  
as this live rotatable global surface level mapping site shows: 
https://earth.nullschool.net .. and even more higher up  

 

Flying wind There’s been much talk of aerial wind - 
devices that can tap the much high wind speeds higher up, with 
turbines mounted on flying, tethered, kite-like wings, or on large 
balloons, or kites which rise & fall pulling on a tether to generate 
power on the ground. All with no towers needed. Several projects 
have been tested at small scale, but, though the resource potential is 
huge, many GWs, especially in remote or offshore areas where air 
traffic can be avoided, or even TWs if the jet stream can be taped, 
progress seems slow. There is also the issue of crashes. Perhaps still 
a way to go… and, finally, maybe also the same for this bladeless 
vortex design from Spain, which got pushed with some slick 
promotion and crowdfunding but is now less heard of:  
www.indiegogo.com/projects/vortex-bladeless-a-wind-generator-without-blades--3#/ 
www.vortexbladeless.com  But who knows.. And in any case, wild ideas  
aside, wind looks set to head for 600 GW soon globally. 

 
Up and away 
https://physicsworld.com/a/an-airborne-
solution-for-off-grid-energy/ 

www.shell.com/inside-energy/kite-
power.html and www.kps.energy 
 

Skyw
indpow

er.com
 

… and at the other 
end of the scale   
New Micro Wind charger 
www.facebook.com/cheddar/vide
os/2048898168764244/ and this  
www.youtube.com/watch?v=m8O
6CugLTww&feature=youtu.be                                                

 

 

Foundation 
options* 
Mono Piles still 
lead tension leg/ 
jacket designs, 
while Gravity 
bases are good for 
some sites, but, 
for deeper water, 
floating units win.   

http://bit.ly/2FtxLCz 
 

O
n shore w

ind failure rates 
http://1.new

energyupdate.com
/

LP=21106 

V
irtual   inertia

  for frequency
 stability 

w
w

w
.sciencedirect.com

/science/arti
cle/pii/S1876610217353006 

Grid >  
balancing 



 8 

2. PV SOLAR  Ever expanding as cost falls 

 
 

PV solar expanding                             
as costs fall and with new cells  

 
 
 

Sunrushiwww.theguardian.com/world/2018/feb/28/after-the-sunrush-what-comes-next-for-solar-power  
Enhanced PV-with mirrors www.renewableenergyworld.com/articles/2018/01/can-mirrors-
boost-solar-panel-output-and-help-overcome-trump-s-tariffs.html Also see CPV/T below                                
Smart glass www.sonnenseite.com/en/science/clever-coating-opens-door-to-smart-windows.html Thin printed 
PV www.theguardian.com/environment/2018/aug/31/low-cost-printable-solar-panels-offer-ray-of-hope-amid-energy-gridlock 
PV Rain Power www.theguardian.com/environment/2018/mar/13/rain-or-shine-new-solar-cell-captures-energy-
from-raindrops Triboelectric electrostatic nanogenerators & kinetic energy convertors: 
www.renewableenergyworld.com/articles/2018/03/could-solar-cells-produce-energy-from-the-rain.html    Also see heat 
 

PVT Roof space is at a premium, so it makes sense to combine PV and solar thermal panels in one unit- 
absorbing heat also improves PV performance. For example, Naked Energy’s Virtu PVT unit maintains PV 
cells at a uniform temperature, via a heat transfer arrangement, so that, it is claimed, its electrical output is 
20% higher & its heat output exceeds that of its closest competitor by 42% at 60°C. www.nakedenergy.co.uk/ 
 

US Solar net metering economics challenged - larger scale utility systems are cheaper: 
https://energyathaas.wordpress.com/2018/03/26/why-am-i-paying-65-year-for-your-solar-panels/ 
Or are they?  www.renewableenergyworld.com/ugc/articles/2018/03/19/solar-surprise-smallscale-solar-a-better-deal-than-big.html 
Who buys PV in the US? Not just the rich? https://emp.lbl.gov/publications/income-trends-residential-pv-adopters 
Not everything works The nice looking Smart Flower folding petal focusing device dies: 
www.renewableenergyworld.com/articles/2018/04/german-developer-of-solar-storage-smart-flower-quietly-goes-insolvent.html 
PV+ batteries for cooking! www.renewableenergyworld.com/articles/2018/04/gigafactories-for-cooking.html   

 Mono crystalline cells have started 
to take over, along with distributed 
solar. But whatever the type, it’s all 
up for PV, as costs continue to fall.  
www.renewableenergyworld.com/articles/print/volume-
21/issue-1/features/solar/solar-in-2018-better-
technology-record-breaking-installations.html 
 

 
http://ieefa.org/ieefa-update-cheap-renewables-transforming-global-electricity-business/ 
 

2018 EU boom www.sonnenseite.com/en/economy/sunny-
renaissance-european-pv-market-growing.html 
 

PV consumer market review 
www.cleanenergyreviews.info/blog/2017/9/11/best-solar-panels-top-modules-review 

Growth faster 
than predicted  
 

Over 400GW Globally… 
 

 
                                                Shutterstock 

But a warning on the 
social costs of cheap solar  
www.renewableenergyworld.com/art
icles/print/volume-21/issue-
2/departments-columns/from-the-
editor/editor-s-letter-questioning-
low-priced-renewable-energy.html 

Some big UK projects: 
https://wirsol.co.uk  
 

Fire safety: www.bre.co.uk/page.jsp?id=3211 
https://assets.publishing.service.gov.uk/government/u
ploads/system/uploads/attachment_data/file/630638/fi
re-solar-pv-systems-literature-review.pdf 

Perovskite cells - 21.5% efficiency claimed    New Cell Tech 
www.renewableenergyworld.com/articles/pt/2018/03/perovskite-research-
promises-more-solar-power-for-your-money.html 
Advanced cells- RSC review: 
http://pubs.rsc.org/en/content/articlelanding/2018/ee/c7ee03165c#!divAbstract 
 

https://cleantechnica.com/2018/05/0
2/104-gigawatts-of-new-global-
solar-installations-expected-in-2018/ 

 

New Ideas 
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Concentrated Solar power    

 
www.renewableenergyworld.com/articles/2018/04/concentrated-
solar-thermal-projects-see-forward-movement-in-africa-uae.html  
It’s still a bit expensive compared with PV, but the 
storage option adds value, with costs falling last year: 
www.solarpaces.org/spains-concentrated-solar-thermal-
power-performed/ Still a way to go though… 
CPV/T hybrid Tracking mirrors focus light on a tower with a high performance PV receiver, 
achieving 40% conversion efficiency, with heat collection too: www.raygen.com/raygen-technology/ 
And another clever CPV/CSP hybrid: https://phys.org/news/2015-02-solar-cpvcsp-hybrid.html 
Solar Chimneys with wind turbines in a tower driven by solar convection updrafts  
Often talked about as a big new option and some prototypes have been built, and large ones 
proposed, but for the moment one application seems to be using updrafts for building ventilation:  
 

https://ideas.repec.org/a/eee/rensus/v81y2018ip2p2714-2730.html  
 

 

 

Solar thermal CSP uses tracking 
mirror, trough or dish, focussed solar to 
raise steam, or other vapour, to drive a 
turbine, with some of the heat being fed 
to a molten salt heat store which can 
raise steam for generation at night. 
Around 5GW is in use at present, in the 
US, Spain, North Africa & elsewhere- 
South Africa has a good resource. As a 
thermodynamic system, it needs cooling. 
Air cooling is less efficient that water 
cooling, but avoids the need for water- 
scarce in the desert areas best suited to 
CSP: focussed solar needs direct rather 
than diffuse sunlight, and a lot of room.  
*A $23m US DoE programme aims to 
get costs down to $50/MWh by 2030.  
* China’s first CSP plant: 50MW: 
www.solarpaces.org/chinas-first-commercial-csp-
project-has-begun-operation/ Overtaking the US soon: 
www.solarpaces.org/iea-china-overtaking-us-in-
concentrated-solar-power/ 

Chart: UK Local solar 
National Grid’s view of how 
much of the 13GW of local-
linked PV delivers power   

www.nationalgrid.com/sites/
default/files/documents/147
82_NG_Summer%20Outloo
k_2018.pdf 
 

A study for the usually contrarian Global Warming Policy Foundation assesses                                       
the cost effectiveness of battery stores with 4-8kW rooftop solar arrays in the UK.                                         
It says that is ‘unlikely to provide any financial benefit’- the cost of batteries is still too high. But ‘a roof 
top solar array can reduce grid import by as much as 40% without any need for a battery store’ and 
‘simple time shifting of laundry & dishwashing loads using appliance timers could shift another 7% of 
household load to solar supply’. www.thegwpf.org/content/uploads/2018/04/Aris2018.pdf 

Leading PV 
lights in UK 
 

Solar Trade 
Association 
guide to how 
UK Local 
Councils are 
helping PV: 
www.solar-
trade.org.uk/wp-
content/uploads/20
18/04/local-
authority-solar-
guide-
WEB_FINAL.pdf  

Global Progress             
IEA annual overview of PV  
Total installed capacity at the end of 
2017 globally was 402.5GW 
including off grid, with China in the 
lead at 131GW, the US, 51GW. 
Utility-scale projects led:  http://iea-
pvps.org/fileadmin/dam/public/report/statistics/IEA-
PVPS_-_A_Snapshot_of_Global_PV_-_1992-2017.pdf 

Free battery backup 
www.solarpowerportal.co
.uk/news/free_home_batt
eries_to_be_offered_alon
gside_vehicle_to_grid_te
chnology_foll 

UK 
growth 
h 

GWPF backs PV- but not batteries 
says battery backup ‘little use’  
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3.  MARINE and WATER ENERGY  
Tidal lagoons may be stuck, but barrages are at 500 MW and 
tidal stream is moving ahead: https://marineenergy.biz/2018/05/27/top-
news-may-21-27-2018/ But wave power is harder than was thought, 
which is why the Scottish Saltire prize has not been claimed. Even with tidal streams, which are 
easier to use, the technologies so far developed have not yet been able to meet the prize criteria: 
www.bbc.co.uk/news/uk-scotland-scotland-business-42988872  The wave hub in Cornwall is also in trouble - 
none of the projects have yet delivered: www.bbc.co.uk/news/uk-england-cornwall-40294158 But wave isn’t 
dead: Biowave is on test in Australia, Wello (pic above) has got into China for its novel Penguin 
floating device: https://wello.eu/2018/02/08/wello-export-wave-energy-converters-china/ Also: http://albatern.co.uk/ 

Tidal streams low eco-impact  

 
Scotrenewables’ 2 MW SR2000 floating tidal device has been very successful 
- and has continued to run at EMEC in 2018. An upgrade is planned for 2019. 
Nova’s project on the Shetlands with 3 100kW turbines is to be expanded to 6.  
 Water wheel revival - for tidal power   
For tidal barrages, a breast-shot water wheel with hydraulic transmission has  
advantages over a standard Kaplan turbine. Rod Rainey says ‘it is better suited to combined 
operations with pumping that maintain the tidal range upstream of the barrage (important in reducing 
the environmental impact), and is much less harmful to fish. It also does not require tapered entry and 
exit ducts, making the barrage much smaller and lighter, so that it can conveniently be built in steel. 
For the case of the Severn Estuary, UK, it is shown that a barrage at Porlock would generate an 
annual average power of 4 GW (i.e. 35 TWh/yr), maintain the existing tidal ranges upstream of it and 
reduce the tidal ranges downstream of it by only about 10%. The weight of steel required, in relation 
to the annual average power generated, compares very favourably with a recent offshore wind farm.’  
 

www.economist.com/news/science-and-technology/21736123-chain-water-wheels-would-create-electricity-tides-idea 
http://rspa.royalsocietypublishing.org/content/474/2209/20170653 
Also see http://euanmearns.com/the-severn-barrage-revisited/ 
 

 
 

Hydro a major water-based renewable source - 
with 1.2 TW supplying ~18% of global power, and growing: www.bbc.co.uk/news/world-45019893 
But big hydro can be disruptive & have environmental impacts, including GHG emissions: 
https://academic.oup.com/bioscience/article/66/11/949/2754271 Also some plants are having problems with 
seasonal water shortages due to climate change. That will get worse. So hydro can’t always be 
relied on for bulk power. But it can help to balance variable renewables, via pumped storage in 
hydro reservoirs. So Mather Taylor from IRENA says hydro shouldn’t be seen as an alternative to 
other renewables, but as complimenting them, making the entire energy system more efficient 
and power supply more secure. Mukarakate from UNDP says we need a mix of different energy 
sources: ‘If we keep depending only on one source like hydro power, vulnerability will stay very 
high. We have to bring all the options together - biomass, wind, solar, biofuels, etc.’ 
www.dw.com/en/hydropower-supply-dries-up-with-climate-change/a-42472070  
A mix is sensible: given water shortage, some European hydro developers are looking to wind: 
https://cleantechnica.com/2018/03/09/glaciers-swiss-alps-melt-hydroelectric-firms-look-toward-wind-power/  
However, safety is also a key issue - major damn failures have killed many thousands: 
https://en.wikipedia.org/wiki/List_of_hydroelectric_power_station_failures  Most greens see small hydro as 
better, able to supply power direct to users, with lower impacts, but maybe higher power costs. 
Battles continue, e.g. in the Balkans: https://af.reuters.com/article/energyOilNews/idAFL8N1S50C4 
A positive US view www.nytimes.com/interactive/2018/07/24/business/energy-environment/hoover-dam-renewable-energy.html 

Mini mills 
www.facebook.com
/cheddar/videos/206
7768290210565/ + 
www.facebook.com
/cheddar/videos/210
0203030300424/ 
 

 

 

Tidal lagoons  
Still trying to get going 
Fully offshore or shore 
linked? Views on costs 
and impacts differ: 
https://tidalenergytoday.com/201
7/07/13/ecotricity-founder-slams-
swansea-bay-tidal-lagoon/ 
 

Meygen- 398 
MW planned in 
Pentland Firth  
 

..but a critical review: 
http://euanmearns.com/the-meygen-
tidal-stream-power-station-pentland-
firth-scotland/  
and Atlantis can’t get CfDs 
for Meygens next stage.  
Open Hydro’s EDF project 
is also in trouble. But see 
this river unit: www.hydro-gen.fr   
One on the Congo river soon.   

 Generation cost 
is put at under 
£25/MWh. But 
storage is needed   

Tidal storage  RedT Energy is to 
provide a 0.6MW/3MWh Vanadium 
Redox flow battery for use with a tidal 
project in the UK, location as yet unclear:  
www.energy-storage.news/news/uk-project-to-pair-
long-duration-flow-machine-with-tidal-energy 
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4.  ENERGY STORAGE  Batteries and beyond 
It’s certainly been the year of the battery! Tesla led the charge, with the success of its big project 
in Australia, but other large projects have emerged, including large PV and battery combinations: 
www.energy-storage.news/news/australias-first-big-solar-storage-grid-connection-pioneers-islanding-for-r   
All led by the fall in price of PV and Li Ion batteries, with the average price for power systems 
for one project in the USA hitting $36/MWh. That compared to $87/MWh for electricity from gas 
fired peaker plant, when the price included the cost of fuel purchases for the plant:  
https://oilprice.com/Energy/Energy-General/Big-Batteries-Are-Becoming-Much-Cheaper.html 
Wind also benefitted & that looks set to continue: http://analysis.newenergyupdate.com/wind-energy-
update/wind-storage-prices-plummet-battery-gains-spur-coupling-demand 
A Brattle Group study looking at current & future growth of the  
U.S. market for electricity storage suggested that it could grow to  
50 GW over the next decade if storage costs continue to decline and 
state regulatory policies build on the recently-issued FERC Order 
841 to remove barriers that prevent storage resources from realizing multiple value streams:  
www.oilandgas360.com/brattle-study-ferc-order-sets-course-for-50000-mw-u-s-storage-market/ 
Also see https://insights.globalspec.com/article/8092/here-s-how-energy-storage-is-used-in-two-big-markets 

Battery Storage costs fall 

  
Next? https://grist.org/article/theres-a-new-contender-in-the-
quest-for-the-next-superbattery/ and this polymer-based idea: 
www.chemengonline.com/batteries-can-handle-cold graphene: 
www.renewableenergyworld.com/articles/2018/04/graphene-
could-be-next-battery-breakthrough.html and even water: 
www.renewableenergyworld.com/articles/2018/05/water-based-
battery-offers-new-option-for-utility-scale-solar-wind.html 
2 minute recharge: www.greentechmedia.com/articles/read/bp-
invests-20m-in-tech-to-charge-ev-batteries-in-minutes 
Sodium cell: www.v3.co.uk/v3-uk/news/3063098/researchers-
develop-stable-sodium-powder-version-of-lithium-batteries 
 

Gravitricity Forget batteries, let gravity do the work with heavy  
weights dangled on a cable down a disused mine shaft, raised by a winch  
when power is available and let fall to generate power when needed. UK startup Gravitricty says this 
is far easier than pumped hydro (no need for mountains or reservoirs) with a round trip efficiency of 
80-90% claimed. They envisage suspending a 3,000-tonne cylindrical weight in mine shafts 150-
1,500m deep. Depending on the depth, the system could run either 
at high power for 15 minutes, or for up to 8 hours at lower power. 
It would have a 50-year design life with no limit  
on how often it can be used, & performance does 
not degrade, unlike batteries. They have £650,000 
from InnovateUK, & aim to develop a 250 kW 
concept demonstrator, and to install a full-scale 
prototype in 2019/20 at a disused UK mine. On 
the surface (pic right) there would be little to see: 
www.forbes.com/sites/mikescott/2018/02/09/dropping-a-weight-down-a-disused-coal-mine-is-the-
new-way-to-store-energy-and-it-might-just-work/#2118f5fd1497 
Molten salt heat stores for CSP solar: 
www.solarreserve.com/en/technology/molten-salt-energy-storage 
Cavern stores for hydrogen Salt caverns best: 
https://medium.com/@cH2ange/louis-londe-technical-director-at-
geostock-hydrogen-caverns-are-a-proven-inexpensive-and-346dde79c460 
US wells www.greentechmedia.com/articles/read/enlisting-
abandoned-oil-and-gas-wells-as-electron-reserves 
Undersea CAES ‘no good’ http://euanmearns.com/a-review-of-underwater-compressed-air-storage 

Battery cost are falling (see left), but batteries are 
only roughly 60% of an installed battery system. 
The other costs are for hardware (20% for inverters, 
transformers etc.), development & soft costs (11% 
for profit, customer acquisition, interconnection 
etc.) and EPC (9% for control system, testing, 
commissioning etc.) But the Energy Storage World 
Forums 2018 White paper* says total costs were 
also falling: project developers reported total 
installed costs of under $500/kWh in 2016, which is 
ahead of estimates from, for example, the EPRI, 
which suggested prices of $350-500/kWh by 2020.

  

V2G Vehicle-to-grid electric car battery charging 
could allow UK consumers to contribute up to 114 
MW of power to the grid, according to Ovo Energy, 
with more to come as EVs spread: 
www.cityam.com/282185/number-electric-vehicles-uks-roads-
could-power-300000-homes  
 

*https://energystora
geforum.com/files/
whitepaper 
 

 

Pumped Hydro 
Big ideas, but high costs: 
https://scottishscientist.wordpress.com/201
5/04/15/worlds-biggest-ever-pumped-
storage-hydro-scheme-for-scotland/  
See the critical discussions and also: 
http://euanmearns.com/the-seawater-
pumped-hydro-potential-of-the-world/ 

 

..but Bosch exits batteries: 
www.greentechmedia.com/articles/read/b
osch-abandons-ev-battery-manufacturing  
And Mercedes Benz exits 
the home battery market.  
 

Liquid air 
www.theguardian.com/business/201
8/jun/05/pioneering-liquid-air-
project-can-help-store-excess-
electricity+www.powermag.com/gri
d-scale-liquid-air-energy-storage-
plant-is-launched/ 

Ammonia 
www.theguardian.com/business/201
8/jun/17/siemens-pilots-the-use-of-
ammonia-for-green-energy-storage 
 

Hot rock 
heat stores 
with heat pumps 
www.rechargenew
s.com/transition/1
450958/wind-and-
solar-can-become-
dispatchable-
within-three-years 
 

CO2 eating Li-C battery 
www.greentechmedia.com/articles/rea
d/mit-unveils-early-stage-carbon-
eating-battery#gs.uB95tJ0 
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The global state of play: Pumped storage leads by far 
 
   

 
Putting storage in perspective 
 

Prof. Steven Chu, US Energy Dept. head under  
Obama, says that while the cost of building battery 
plants may halve over the next decade, they will 
never be cheap enough to deal with the big seasonal 
shifts in renewable power production. Batteries 
could be viable for storing power produced during 
the day for use at night, and ‘maybe’ up to a week 
later, but not over seasonal timeframes. ‘You need 
other new technologies to convert cheap renewable 
energy into chemical fuel when the sun is shining or 

the wind is blowing. If you make really cheap 
hydrogen from renewables & store it underground, 
then you have something very different.’ 
www.powerengineeringint.com/articles/2018/01/former-obama-energy-secretary-cold-on-energy-storage-potential.html 
and for a detailed overview of synchronous balancing systems from Ireland, see: 
http://s2.q4cdn.com/601666628/files/doc_presentations/2017/Everoze-Batteries-Beyond-the-Spin.pdf 
 

Jacobson’s new proposed storage and balancing mix   
The new 100% renewables study by Jacobson et el stresses heat and hydrogen:  
(1) Produce heat directly from solar & geothermal heat resources & from electricity  
(2) Store electricity as heat after current electricity demand is satisfied & electricity storage is full; 
(3) If thermal energy storage is used, store excess heat in water 
 and underground rocks when current heat demand is satisfied;  
(4) If thermal energy storage is used, produce cold 
 directly from electricity and store excess cold in water and ice;  
(5) Produce hydrogen from excess electricity after all electricity 
 and heat storage are full, and store excess hydrogen;  
(6) Store excess CSP electricity in a phase-change material & any remaining excess 
electricity either in pumped-hydro storage, as heat in underground rocks, or as hydrogen 
(7) Increase the max discharge rates of CSP, the number of batteries, or the max discharge  
rate of hydro (while keeping its annual energy production constant) to help meet demand peaks  
(8) Use heat pumps for cold and low-temperature heat loads wherever possible;  
(9) Use demand response for some loads to reduce load peaks. 
http://web.stanford.edu/group/efmh/jacobson/Articles/I/CombiningRenew/WorldGridIntegration.pdf 
 

The dynamic interactions amongst all the energy flows & stores in Jacobson’s 100% Wind, Water & 
Solar scenario, and others like it, need careful modelling, not yet fully done, but we’re on the way to a 
strategy for system integration. See the Integration section below for some overall models, with, in 
some, biomass also being used: the Jacobson team avoids that. But other green heat sources are used. 
 
 

Norway the EUs green battery? www.sintef.no/en/latest-news/debatable-whether-norway-will-become-europes-green-battery/ 

Another view…  
Too much storage needed 
http://euanmearns.com/battery-
storage-in-perspective-solving-1-
of-the-problem/ And in Ireland > 
 

*Power to gas Surplus green power to 
storable hydrogen/synfuels:  
 

www.powertogas.info/fileadmin/content/Downloads/Bro
schüren/dena_PowertoGas_2015_engl.pdf    
See this novel Austrian idea: 
www.fch.europa.eu/project/hydrogen-meeting-future-
needs-low-carbon-manufacturing-value-chains  and this 
www.windpowermonthly.com/article/1462904/cost-
wind-generated-hydrogen-fall-below-natural-gas  
But this sounds odd- Bio Power to methane:  
https://gastechinsights.com/article/power-to-methane-
technology-the-solution-to-balance-renewable-energy-
supply-and-demand 

ADL views  
www.adlittle.c
om/sites/defaul
t/files/viewpoin
ts/adl_future_o
f_batteries-
min.pdf 
 

   http://euanm
earns.com

/b
eyond-the-spin-of-green-
energy-storage/ 

Best new bets for storage?  Pumped hydro 
leads, but Tesla’s batteries (see pic below) spread. 
Though heat stores linked to heat nets with biogas fired 
CHP and heat produced using surplus wind/PV power 
to top up the heat stores are better! P2G production of 
storable hydrogen* may also be good and maybe best 
for long term grid balancing. Also LAES liquid air. 
And Gravitricity is fun….  
 

Next? Flow batteries Fast EV recharge 
with nano-particle electrolyte exchange: 
www.energylivenews.com/2018/08/14/new-battery-
tech-could-recharge-evs-in-seconds-not-hours/ 
 

 

www.nytimes.com/2017/
06/03/business/energy-
environment/biggest-
batteries.html 
 

  Fun 
G

uide 
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5. GREEN HEAT  solar & biomass stay the course  
Solar heat is still one of the biggest renewable sources & new green heat 
options abound including biogas, syngas & hydrogen, e.g. for use with local heat networks/CHP. 
But for remote off-gas/heat grid areas, solar, with heat stores, may be better than electric heat 
pumps. Biomass can have a role, if it can be sourced sustainably & its emissions controlled. 
  
 

  
UK heat supply map www.ukerc.ac.uk/news/mapping-the-uk-heat-sector.html 
H2 Heat net www.edie.net/library/In-Practice--The-UKs-Northern-hydrogen-heating-grid-trial/6810  
Heating & cooling - UKERC’s international comparison 
www.ukerc.ac.uk/network/network-news/international-comparisons-of-heating-cooling-and-heat-decarbonisation-policies.html  
Absorption chiller run on low grade heat: www.energy-concepts.com/_pages/app_thermochiller.htm 
Green gas www.energylivenews.com/2018/02/23/green-gas-could-save-europe-e140bn-a-year/              Also see  
Carbon sink loss aside, bioenergy is still a major energy option for heat - and power:    P2G below 
http://worldbioenergy.org/global-bioenergy-statistics with new developments adding to the list: 
www.bloomberg.com/news/articles/2018-03-14/add-cow-manure-to-your-list-of-renewable-energy-sources 
Indeed, the IEA says biofuel use, for heating and transport, will lead all renewable growth:  
https://uk.reuters.com/article/us-iea-renewables/bioenergy-leads-growth-in-renewable-energy-consumption-to-2023-iea-idUKKCN1MH123 
 
 

 

 
 
 
 
 
 
 
 
 

Solar Thermal/PVT www.imperial.ac.uk/media/imperial-
college/grantham-institute/public/publications/briefing-
papers/2679_Briefing-P-22-Solar-heat_web.pdf   A good solar overview…  
 

GEOTHERMAL 28 GW of heat, 13 GW power 
now from underground. US leads globally, Kenya leads 
in Africa: www.independent.co.uk/news/long_reads/geothermal-kenya-africa-green-energy-environmentally-
friendly-un-development-expansion-a8228821.html  An overhyped claim that the UK can benefit too: 
https://pro.southbankresearch.com/p/FTI-0318-Royal-Oil-c/EFTIU3FF/ Yes there’s lots, but why call it Royal Oil! 
Glaswegian Mines: www.theguardian.com/environment/2018/apr/08/energy-home-heating-uk-cities-geology 

Solar heat  
460GWth globally 

Bio-power output TWh(e)  

Solar heating capacity GW(th) 
 

H
ydrogen could heat 30%

 of U
K

 hom
es &

 
businesses:  w

w
w

.sw
ansea.ac.uk/press-office/latest-

research/30oftheuksnaturalgascouldbereplacedbyhydro
gencuttingcarbonem

issions.php 

Most biomass 
is used for 
heating wood 

especially. 
But some is 
used to make 
power  - see 
chart. And 
some of that 
is in CHP, so 
there’s some 
heat output  
 

Algal biofuel - seaweed options 
www.sciencedirect.com/science/article/pii/S221
1926416300650 

Heat distribution to maximize the 
value of low temperature heat and 
make greater use of energy efficient heat 
pump systems to upgrade low enthalpy 
resources to useable temps. ‘Consider 
the domestic setting where boilers heat 
water to high temps (80-90oC) before 
pumping it round radiators to heat 
rooms to 18-22oC. Switching to under 
floor systems meant that circulation 
temps can drop to 30-40oC because there 
is a larger area available for heat 
dissipation. Halving design temperatures 
has the potential to halve both CO2 
emissions and energy consumption. At a 
larger scale, gas fired district heat 
networks are commonly designed to run 
at temperatures of around 100oC, but by 
designing a system that can operate with 
lower circulation temps, less insulation 
is required and losses are reduced. For 
example, running a heat network at 30oC 
instead of 80C can reduce heat losses 
from 35 to 5%.’ Adams and Gluyas 
www.ippr.org/files/2018-09/a-distributed-energy-
future-for-the-uk-september18.pdf 
 

Heat Pumps >  
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6. SYSTEM INTEGRATION  Linking it all up 
Renewables are variable, so we need to find ways to balance them. Storage is part of that (see 
above), but it’s hard to store electricity. Much better to convert it into heat or gas to store. And 
then to rethink the whole system. We are moving to generation from a variety of sources all 
feeding into a range of end uses, stores and distribution networks - for power, heat and gas. That 
all needs to be integrated and optimized - separately and together. Bits of this exist already:        
Green Hydrogen multi fuel system Wind and solar-driven integrated power/gas/NH3 
plant:  https://indaily.com.au/news/business/2018/02/12/bigger-lng-sa-get-first-green-hydrogen-plant/ 
Power to gas prospects good converting surplus renewable power to hydrogen/synfuels 
www.renewableenergyworld.com/articles/2018/02/the-future-of-power-to-gas-couldn-t-be-brighter.html 
Here’s a diagram illustrating how the renewable power to gas side may be integrated 

 
 

 
Integrated system stability  Frequency stability and the need for actual (rotational)  
or virtual inertia is an issue with renewables on the grid, but there can also be other system issues:    
 

www.renewableenergyworld.com/articles/print/volume-21/issue-3/features/solar-and-storage/der-
disruption-understanding-the-unintended-consequences-of-renewable-energy.html 

The diagram 
below puts it 
all together 
into a full 
system. Both 
are  recycled 
from a talk  
for Birkbeck 
College by  
Jo Abbess: 
 

https://twitter.com/j
oabbess/status/9689
08652076781573  

Better Hydrogen electrolysis 
https://medium.com/@cH2ange/patrick-paillère-ergosup-
hydrogen-enables-energy-decentralization-e480bd89f1c8 
Back to car engines!  
http://eprijournal.com/start-your-engines/ 

Some new/old 
Components  

R
enew

able A
m

m
onia production 

Japan develops a w
ay to m

ake am
m

onia w
ith hydrogen 

produced via the electrolysis of w
ater by renew

able 
energy, and generation of electricity through gas turbines 
fueled by the synthesized am

m
onia. D

odgy stuff though. 
w

w
w

.chem
engonline.com

/w
orlds-first-successful-am

m
onia-

synthesis-using-renew
able-hydrogen-and-pow

er/ 
 



 15 

Imperial College has come up with its plan for system integration   

 
Possible areas for integration between different energy systems: 
www.imperial.ac.uk/news/185893/carbon-future-needs-integrated-energy-system/ 
Innovation As the Imperial College researchers say, putting all this together coherently will 
need a lot of co-operation and innovation. But there is much good work underway at both the 
device and systems level. The emphasis so far is has perhaps been too much on clever devices, as 
a trawl through Innovate UK’s list of 100 or more Energy Catalyst Round 4 projects indicates: 
www.rushlightevents.com/wp-content/uploads/2018/01/Innovate-UK-Energy-Catalyst-Round-4-Directory-
of-Projects.pdf  But, as well as components, system-level ideas are emerging e.g. for smart grids &  
Blockchain systems (see Boxes). New types of long-distance HVDC grid links too: 
http://elpipes.blogspot.co.uk/2018/03/why-norway-should-become-battery-of.html 
Supergrids like that can balance local supply & demand variations over wide areas.  
 

Block chain for power links. It got a bad press due to its very high energy in Bit  
Coin crypto cash transactions, but some green energy applications are interesting 
e.g. for peer to peer trading: www.renewableenergyworld.com/articles/2018/04/blockchains-potential-
for-managing-the-impact-of-renewables-and-peer-to-peer-sales.html 
http://blog.aurorasolar.com/5-reasons-blockchain-is-game-changing-for-solar-energy 
www.renewableenergyworld.com/articles/print/volume-21/issue-2/features/solar-storage/blockchain-renewables-red-tape.html  
 

Local level demand management can also help, although Energy Matters, looking at Denmark 
and the USA, says that time-of-use tariffs won’t help cut peaks much: http://euanmearns.com/why-

demand-response-wont-work/  The famed ‘duck curve’ for 
California indicates how evening demand and thus (see 
left) prices, rise relentlessly - and that’s at a time when 
solar input begins to fade. Hence the interest in storage.  

 
Smart grid still a way off? The grid system changes need will take time to implement 
www.elp.com/Electric-Light-Power-Newsletter/articles/2018/07/the-open-grid-and-the-future-of-distribution-network-reliability.html 
But it’s not that far off: www.greentechmedia.com/articles/read/the-key-to-unlocking-renewables-as-baseload-is-the-control-system 
At home too: www.solarpowerportal.co.uk/news/duracell_to_launch_ai_enabled_home_battery_system_next_month_for_uk_market  

 
 

                                                                   But the          
                                                                   main  

  peak      
in Germany is around lunchtime, see right. That’s 
when solar can be at maximum and that may be 
why PV has done so well there, storage less so. 
 

https://emp.lbl.gov/publications/impacts-high-variable-renewable/  
 

$/MWh in California 

$/MWh 
Germany 

Smart 
Tech 
Guide 
 

www.ceer.eu/docu
ments/104400/-/-
/e1e203a5-f5c7-
0d4b-c8a8-
1535f80be359 
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7. CARBON CAPTURE  Some versions may be in with a chance… 
 

The ins & outs of Carbon Capture & Storage (CCS)/Carbon Capture & Utilisation (CCU)  
 

They are not alternatives to renewables, but some carbon capture ideas might remove emissions 
from fossil fuel use while renewables are developed. Though which might be best? Some can be 
near carbon neutral with low emissions. But then renewables are carbon neutral, so what’s the 
point in carbon capture? Well in the case of Biomass with CCS, it can be carbon negative.    
Carbon neutral or carbon negative?  ‘Clean coal’? BECCS? DAC/AFC? 
A biomass fired plant can be considered to be roughly carbon neutral, since the carbon dioxide 
produced when biomass is burnt was previously absorbed from the air as the plant grew. The 
balance is not 100%. Energy is used to grow, harvest, transport & process biomass and it takes 
time for the CO2 produced by combustion to be reabsorbed by new growth. But over time its near 
balanced. Most other renewables, embedded carbon apart, are more or less 100% carbon neutral. 
When carbon neutral technologies like this replace fossil plants they are in effect carbon negative 
compared to the situation before. There is less CO2 produced than would have been produced 
otherwise. But this is not the usual meaning of carbon negativity. That is usually reserved for 
when carbon is actually removed from the air or from circulation, for example by Biomass with 
Carbon Capture (BECCS), or Direct Air Capture of CO2, these being known as Negative 
Emission Technologies.  Dave Elliott’s chapter in the forthcoming book The Long Goodbye to 
fossil fuels includes this chart illustrating the relative merits of the key CO2 reduction options.  
They include Carbon Storage as well as Utilisation options - e.g. synfuel production.  
 

Summary of carbon reduction measure impacts and requirements* 
 

Technology                      Net carbon emissions                 Requirements 
 

Fossil CCS                            Low                   Large scale (indefinite) CO2 storage 
Fossil CCU                           High                   Hydrogen to make synfuel 
BECCS                                 Negative             Large biomass areas & storage volumes 
BECCU to synfuels              Low/Zero           Hydrogen to make synfuel 
Air Capture + storage           Low/Negative    Energy for the process, & large storage 
Air Capture to synfuels        Low /Zero           Energy and Hydrogen to make synfuel  
Fossil gas to H2 with CCS   Low                    Large scale CO2 storage, energy 
Renewable P2G- H2             Zero                    Renewable energy input 
Renewable P2G- CH4          Zero                    Renewable input, plus CO2 
Fossil CHP (+low C heat)    High/Medium     Nearby heat demand 
Biomass CHP (ditto)            Low/Zero            Nearby heat demand  
Renewables direct                Zero                     Land use issues for some 
 

As can be seen, it is suggested that net carbon emissions from fossil fuel energy production with 
CCS can be low (depending on the efficiency of the CCS process), but they are raised with CCU, 
assuming synfuels are produced & burnt, the use of fossil hydrogen adding more CO2.   
Similarly, with BECCU, i.e. Biomass Energy with Carbon Capture and Utilisation. Although the 
biomass feed stock is near net carbon neutral, using it, and fossil hydrogen, to make synfuel for 
combustion, would no longer be carbon neutral. Though it could be, if green hydrogen was used. 
By contrast, BECCS is carbon negative, taking CO2 out of the carbon cycle. That is also true in 
the case of Air Capture and storage, although no energy is produced, while some energy is 
required (although renewables can be used), whereas in Air capture with synfuel production, in an 
air to fuel (‘A2F’) approach, net energy is produced. However, hydrogen is needed and unless 
non-fossil hydrogen is used for making the synfuels, A2F won’t even be carbon neutral. In the 
case of renewable Power to Gas (P2G) hydrogen production, direct carbon production is zero, and 
that may still be the case if then synfuels are produced using captured CO2, since that offsets the 
CO2 from burning them. The fossil gas to hydrogen route (as in the proposed Leeds H21 project) 
would have higher conversion losses than simple fossil CCS, so higher carbon production, but 
burning the hydrogen produced would not generate CO2. The Table also includes Combined Heat 
and Power (CHP). That can have low carbon emissions, depending on the fuel used. Direct use of 
renewables like wind or solar would of course have zero carbon emissions, though the carbon 
debt associated with embedded energy has to be taken into to account, as with all these options. 
In the case of nuclear (not shown) unlike wind/solar, there’s also the fuel production carbon debt.  

Poor EU CCS try 
www.energylivenews.com/
2018/10/23/eu-failing-
with-commercial-ccs-
deployment-say-auditors/ 

Poor  
Oz try 
www.smh.
com.au/en
vironment/
climate-
change/bro
wned-off-
90m-clean-
coal-
program-
ends-as-
final-
project-
collapses-
20180418-
p4zacj.htm
l 
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Carbon Capture & Utilisation  

 
Carbon Capture and Utilisation is perhaps 
more attractive than Carbon Capture and Storage 
since it avoids the need to compress and pump CO2 to be stored geologically somewhere. CCU can also be 
used to make synfuels, if hydrogen is available - though CO2 will be produced when the synfuels are burnt. 
Most H2 at present comes from steam reformation of fossil gas, with CO2 being produced. Electrolytic 
Power to Gas (P2G) conversion of surplus renewable electricity is also a potential source of H2 - though its 
more expensive so far. CCU with P2G would yield a negative C synfuel. But the Cu catalyst idea above 
avoids the need for hydrogen gas P2G production, so it’s an interesting and maybe better variant - if the 
value of the synfuel outweighs the cost of the process & green energy can be used to run it. 
But coal CCS for significant emission capture?  Maybe not… 
The $1bn Petra Nova project at the 2.5 GW 
coal and 1.2 GW gas fired Parish power plant 
in Texas is sometimes used to suggests it is 
possible on a large scale, with illusions to it 
‘helping to reduce the carbon footprint by 
some 40%’. The reality is more complex. It 
has been noted in a critical Australian review 
that the Parish station has ‘10 generating 
units, only one of which has been upgraded 
with carbon capture, Unit 8. Of the 610 MW 
unit’s exhaust, 40% is diverted into a ‘post-
combustion capture’ (PCC) system designed 
to capture 90% of the CO2 in that stream’. 
The Mitsubishi Heavy Industry CCS process 
used (see Fig), needs a lot of energy. So they built ‘a 75 MW gas fired power station next 
to the facility to generate the electricity & steam needed to run the CCS process. The 
CCS process is projected to consume 45 MW of so called parasitic load & result in an  
additional 446,000 tons of CO2 emissions annually - reducing the net CO2 sequestered  
to 0.95 Mtpa, which represents just 6.2% of the Parish plant’s 2015 emissions.’  
The review also looks at the $1.5 bn coal CCS project in Canada (see photo). It says ‘the world’s 
first commercial scale plant, SaskPower’s Boundary Dam power station in Canada - which after 
2.5 years of operation is only just now getting close to its design capacity of 1 Mtpa or 18% of the 
plant’s 5.7 Mtpa emissions - requires around 25% of the plant’s capacity be diverted back into 
the plant to power the capture and compression systems’.  
These are the only large coal CCS projects at present (work on the US 
$1.8bn 528 MW Kemper CCS project has halted: it will just be run as a  
gas plant) and in both, the CO2 that is captured is used for enhanced oil  
recovery (EOR) i.e. it is pumped into oil wells to squeeze out oil from 
unproductive wells. That oil, when burnt, creates more CO2, so the C gains from CCS are lost.  
Indeed, the review notes that around 30% of the CO2 used in EOR may escape, so we are worse 
off than when we started. As the review says, we end up using pollution to create more pollution.     
The review concludes ‘CCS advocates are making a lot of noise about the “17 large-scale, 
commercially proven CCS facilities operating around the world”. CCS is a suite of technologies 
that can be applied to many processes. Only two of the 17 projects are coal-fired power plants.’ 
www.quora.com/Does-the-best-CCS-power-station-in-the-world-provide-a-model-for-Australia 
 
 

17 Coal, Gas, chemical CCS plants claimed: www.globalccsinstitute.com/projects/large-scale-ccs-projects 
2 (as above) are power plants, with EOC, while only 4 of the rest have dedicated geological CO2 storage. 
The 1st UK (non-power) CCU plant: www.edie.net/news/8/UK-s-first-carbon-capture-utilisation-demonstration-plant-opens 

CCU can lead to synfuels - hydrogen is reacted with 
captured CO2. In this clever new catalytic version left, 
H+ ions come from an electrolyte, rather than being 
supplied by steam reformation of fossil gas or P2G 
conversion of green electricity. But it needs energy (e) 
www.light.utoronto.ca/edit/files/41929_2017_18_auproof2.pdf 
CCU overview from the IEA: www.iea-coal.org/the-latest-
state-of-development-on-ccu-draft/ 
Air Capture is talked up- a ‘$100/tonne’ synfuel: 
www.bbc.co.uk/news/science-environment-44396781 
Also see https://news.nationalgeographic.com/2018/06/carbon-
engineering-liquid-fuel-carbon-capture-neutral-science 
 

 

 

EIA say 
capture 
rate is 
33% of 
Unit 8 
CO2  
www.eia.
gov/toda
yinenerg
y/detail.p
hp?id=33
552 
 

www.forbes.com/sites/uciliawang/2014/07/15/nrgs-1b-bet-to-show-how-
carbon-capture-could-be-feasible-for-coal-power-plants/2/#d8af3a5321be 
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Hydrogen Focus - a clean energy vector?   
It’s what the sun uses but we can also use it on earth. Though making it is hard.  
The most common method is by Steam Reformation of Methane gas (SMR) at  
high temps, but that inevitably produces carbon dioxide: CH4 + 2H20 = 4H2 + CO2. So you need 
CCS to make it carbon neutral. Below is a way that doesn’t need it - using coal. An old idea. But 
it does produce some dodgy wastes, and like SMR, it needs energy. It’s from M.S. Casper’s 2007 
book ‘Hydrogen Manufacture by Electrolysis, Thermal Decomposition & Unusual Techniques’: 
http://knowledgepublications.com/hydrogen/hydrogen_manufacture_detail.htm 

  
The range of possible applications for hydrogen and electrolysis is vast. Most obviously P2G - 
converting surplus renewable electricity into storable gas, for conversion back to power when 

renewable availability is low or for 
use for heating or as a vehicle fuel. 
An example of the later is the idea of 
replacing diesel used to power some 
trains: see Box. But it may be the 
heat sector where hydrogen will 
break through most, as an alternative 
to decarbonisation via electrification. 
The Oxford Institute for Energy 
Studies said ‘As the problems with 
the electricity option become more 
apparent, options to decarbonise 
through the use of the gas network 
start to look more attractive. 
Although in principle this could 
involve a number of options - 
including biogas, synthetic natural 
gas or hydrogen from electrolysis - in 
practice, the use of steam reforming 
to convert methane to hydrogen, 
allowing the CO2 generated to be 
sequestered using CCS technology, 
has emerged as the front-runner.’ 

www.oxfordenergy.org/wpcms/wp-content/uploads/2018/05/Decarbonisation-of-heat-and-the-role-of-
green-gas’-in-the-United-Kingdom-NG-128.pdf However, the P2G option may now stand a better 
chance, following some positive reviews e.g. by the IMech E - and with CCS stalled. 
www.imeche.org/news/news-article/new-report-using-gas-grid-to-store-excess-electricity-could-boost-uk-renewables 
So far, the Oxford IEC report says, the UK Government has not responded definitively on this. 
In its Clean Growth Strategy it says it will ‘phase out the installation of high carbon fossil fuel 
heating in new & existing homes currently off the gas grid during the 2020s, starting with new 
homes’. And £184 m was promised for this area of technology innovation (including energy 
efficiency) in 2015-2021. But that compares with £841m for vehicle and battery technology. 
Though there is now a new £20m hydrogen R&D programme. However, Japan is on the case!  
www.renewableenergyworld.com/articles/2018/08/bullet-train-thinking-how-japan-hopes-to-lead-a-global-hydrogen-revolution.html 

Casper suggests that you can 
thus get hydrogen from coal 
with no CO2 release- and so 
no need for costly CCS.  
But he says that thermal coal 
decomposition is mostly less 
efficient than the electrolysis 
of water, although that costs 
more. However, that was in 
2007- now it’s getting better. 
And there are no emissions- 
just water and a bit of NOx.   
 

An old  
idea …  

< You need 
energy to 
make all 
these inputs 
intneicve   

< Lots of 
others too- 
e.g. tars 
and SO2  
residues   

Steam trains back to replace UK diesel trains  
The Times nicely described this as ‘a new steam age’, with 
steam being emitted from the locomotive, rather than toxic 
diesel fumes, or, as of old, steam plus coal combustion gases. 
It says ‘up to 100 ageing diesel trains poised to be converted 
to run on eco-friendly hydrogen. They could be on the network 
within three years and will be almost silent, with the same 
range and speed as diesel trains.’ It noted that Jo Johnson, 
the rail minister, called in Feb. for all Britain’s 3,900 diesel 
trains to be scrapped by 2040, given the growing concern 
about the impact of diesel emissions at railway stations. As a 
start, the modified class 321 trains will have hybrid hydrogen 
fuel cell/battery systems. Hydrogen tanks installed on the 
roof will supply fuel cells, to generate electrical power by 
combining the hydrogen with oxygen from the air. Lithium-
ion batteries will store the electricity and supply the traction 
units for the train. www.thetimes.co.uk/edition/news/hydrogen-
fuel-cell-trains-herald-new-steam-age-mdf78f2dk  The hydrogen 
does have to be made somewhere, but that can be done any 
where there are convenient green power sources and the 
hydrogen tanked or piped to, & loaded up at, train terminals, 
with the costly and unsightly overhead catenary power cables 
thus being avoided. Germany, inevitably, is already doing it! 
www.theguardian.com/environment/2018/sep/17/germany-launches-worlds-
first-hydrogen-powered-train More on H2 transport below - planes too.  
 

Safe carrier 
claim: 
hysilabs.com 
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8. TRANSPORT Tech fixes galore 
 

We need a more radical approach to mobility, but 
meanwhile we have technical fix options.  
Electric vehicles are all the rage these days, 
with uptake beginning. There have been worries about 
infrastructure requirements and extra energy demand, 
but a UK parliamentary report has played the latter 
down - maybe 10% extra grid power will be needed 
on National Grid’s estimates, assuming some DSM: 
http://researchbriefings.files.parliament.uk/documents/CBP-7480/CBP-7480.pdf But electric aircraft are also 
being looked at, including by Easy Jet, for short hauls. Though its way off: 
www.leyton.com/blog/?p=2298-electric-aircraft-technological-obstacles-overcome 
Electric Planes A recent IDTechEx report on electric aircraft notes  
that they have largely followed electric land and water vehicles. ‘Pure 
electric small ones appeared first, about 50 years after the first electric  
boats and cars. Hybrid ones are needed for the longer distances & tougher  
duty cycles & only now are these getting serious investment. The report  
finds that the delays are only partly explained by the tougher demands & regulatory       Air Taxi 
requirements of aircraft and how things are now changing with much larger commitments. In 
2016, Siemens and Airbus agreed to pool 200 engineers to work on them, the level of effort 
Toyota allotted to hybrid cars twenty years earlier, with major commercial success resulting 
today. Toyota enjoys well over $20bn of sales of electric cars, buses and forklifts with Honda & 
BMW successful too - interesting because all three are now tackling aircraft. Indeed, Google and 
Facebook are involved in electric cars and aircraft and Apple is interested so it is wake up time.’ 
The report analyses the opportunities in new aircraft & their changing key components. It says ‘in 
2028, manned electric aircraft will be a $7 bn business’. www.idtechex.com/aircraft  
All change: a slightly annoying BBC video on electric planes as a disruptive technology: 
www.bbc.co.uk/news/video_and_audio/headlines/42943324/electric-dreams-the-race-to-develop-battery-powered-
planes It notes that hydrogen fed fuel cell powered variants are being looked at. 
Biofuel powered aircraft The more usual dream! www.dailymail.co.uk/sciencetech/article-
5329793/Qantas-uses-150-acres-mustard-seeds-biofuel-flight.html Note the supersonic plane at the end  
PV-powered rail network www.theengineer.co.uk/solar-rail-photovoltaic-energy/  
Electric Barges-Zero C: http://www.independent.co.uk/news/world/europe/netherlands-self-
piloting-barges-containers-zero-emissions-electric-tesla-belgium-rotterdam-a8177946.html 
Lithium scarcity Alternatives to Li batteries: www.ukerc.ac.uk/network/network-
news/guest-blog-is-there-enough-lithium-to-supply-increased-battery-demand.html and 
www.theguardian.com/technology/2018/mar/09/look-no-lithium-first-rechargeable-proton-battery-created 
Long distance Hydrogen cars/vans + truck www.fleeteurope.com/en/safety-
environment/united-kingdom/features/uk-government-backs-hydrogen-zero-emission-long-distance 
and www.theengineer.co.uk/hydrogen-fuelled-combustion-engine-truck/               
EV charging road Mad tech fix? www.theguardian.com/environment/2018/apr/12/worlds-
first-electrified-road-for-charging-vehicles-opens-in-sweden  
Driverless cars doomed? www.independent.co.uk/life-style/gadgets-and-tech/features/uber-selfdriving-car-
autonomous-vehicle-crash-death-arizona-latest-explained-a8281566.html   
and www.christianwolmar.co.uk/2018/03/driverless-deathtraps/   
 

9. ENERGY EFFICIENCY   Vital 
However energy is produced, and whatever       but take 
it is used for, we have to avoid wasting it.         up slow    
Home use - EU Energy Efficiency manual  https://heron2017.wordpress.com/manual/ 
Aldersgate home energy efficiency plan for the UK: www.aldersgategroup.org.uk/our-reports   
Industrial energy efficiency A vital step- some huge energy saving gains are possible: 
https://energyathaas.wordpress.com/2018/01/29/are-we-promoting-the-right-kind-of-energy-efficiency/ 
But see this warning from a study in Mexico - expected energy saving/cost gains aren’t always 
made in practice: http://e2e.haas.berkeley.edu/pdf/workingpapers/WP034.pdf  Though see this good news - 
US Power demand cut www.vox.com/energy-and-environment/2018/2/27/17052488/electricity-demand-utilities  

Our shopping list - land travel  
*Rental EV taxis for inner cities along with 
electric trams, trolley buses, monorails  
*Biogas vans, trucks and lorries for local   
urban & rural trade servicing. Tractors too. 
*Hydrogen cars/mini vans/RVs for rent for 
occasional family trips, and U-haul use 
*Hydrogen buses for inter-village/town trips 
*Electric Trains for inter-city travel and 
trade/freight haulage    plus feet and bikes! 

UK power use has fallen 15% in the 
last decade. A crash programme to 
replace all the lights in the UK with 
LEDs could cut peak electricity 
demand by ~8GW, another 15% cut.  
savingpower consumption. 

 Ships 50% cut 
www.imo.org/en/
MediaCentre/Pres
sBriefings/Pages/0
6GHGinitialstrate
gy.aspx   
 

 

 The Tube 
www.railengin
eer.uk/2016/1
2/29/in-case-
you-missed-it-
the-reversible-
substation/ 

 

 

Reuters/Satish K
um

ar 
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10. MATERIALS RECYCLING  for energy recovery  
Recycling, renovation & reuse can stop wasting the embedded energy in materials, while waste-to 
-energy can recover it, but the best mix depends on the waste & its bio-content. Landfill gas is also 
valuable! Though recycling is vital: www.slideshare.net/GuyDauncey/is-a-100-zero-waste-future-really-possible 
  

 
 

Plastics & petrochemicals only make up <2% of demand for oil, but their share is growing:  
https://uk.reuters.com/article/uk-petrochemicals-iea/rising-use-of-plastics-to-drive-oil-demand-to-2050-iea-idUKKCN1MF0MS 
Note however that most of the demand is for HGL - gas not oil: www.eia.gov/energyexplained/index.php?page=oil_use  
 

Recycling and reuse of some packaging waste is worthwhile (a second 
lifetime use for some plastics e.g. for street furniture and even road 
surfaces), although not producing so much waste is even better. 
Recycling needs energy. There are some issues with energy recovery 
from plastics, and from Energy from Waste generally, due to NOX, 
particulates, furans, dioxins that can be released by combustion of some 
wastes, and, depending on how well the feedstock is filtered, various            Plastics We have to 
other toxins like arsenic, lead & other heavy metals.                                       do something fast 
 

Good source control, plant design and management 
can limit or avoid these problems. But in the case of 
conversion of plastic to oil (by high temperature 
pyrolysis), if that is then burnt, that produces CO2. 
For the bio-part of wastes (e.g. food and farm 
wastes) burning them is not so much of a problem, 
since CO2 was absorbed in their production, but 
you could argue that you are destroying valuable 
organic material. Anaerobic Digestion to make 
biogas gives you a carbon neutral fuel, but also 
some usable organic residuals. It’s slower than 
combustion, but arguably safer.  
And finally, pic left - the ultimate in high tech low 

eco-impact living? But where does the energy come from? Where does the waste go? 
 

From Prof. Herbie Girardet’s presentation ‘An urbanising world: triumph or tragedy’, Environment 
Europe Summer School, Oxford, Aug 2018. http://environmenteurope.org 
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11. NUCLEAR POWER  Mostly on the way out, but some new starts  

 
                    
 

 

Fessenheim-on-Rhine (above) 1.84 GW drawing 2.5 km3 of river water p.a. (for comparison 
the Thames flow-rate through London is 2.1 km3 per year). One of the French plants that had to 
be shut in last summer’s heat wave since its outflow was heating up the water too much:   
https://uk.reuters.com/article/uk-france-
nuclearpower-weather/frances-edf-halts-four-
nuclear-reactors-due-to-heatwave-
idUKKBN1KP0EV 
Same in Sweden and Finland 
https://reneweconomy.com.au/nuclear-power-takes-a-hit-
as-european-heatwave-rolls-on-87477/ 
www.reuters.com/article/us-sweden-nuclear-
weather/sweden-calls-for-nuclear-reactors-to-be-
shielded-from-hot-weather-idUSKCN1L51QE  
And, next, inundation: 
www.hakaimagazine.com/features/are-coastal-nuclear-
power-plants-ready-for-sea-level-rise/ 
Also inflow issues: 
www.gov.uk/government/publications/protecting-biota-
from-cooling-water-intakes-at-nuclear-power-stations  

..plants on the coast are less of a problem re 
heat, but are threatened by land erosion/floods: 
https://ensia.com/features/coastal-nuclear/ 
 

Plants like Fessenheim using river 
water for cooling have problems… 
 

Not climate proof…  

..and costs rising while renewables get cheaper  

 
www.reuters.com/article/us-ge-power/how-general-electric-gambled-on-
fossil-fuel-power-and-lost-idUSKCN1G60I3  

 

GE data  

Desperate measures 
Radiation 
rule change?  
 

EPA under Trump…  
https://arstechnica.co
m/science/2018/10/m
eh-its-just-a-little-
radiation-epa-may-
alter-rules-on-
exposure/ 
  

Its slowed 
but there are 
efforts to cut 
costs to 

speed it up- 
e.g. by 
raising 
allowed 
radiation 
exposure 
levels…   

WNISR 2018  
www.worldnuclearreport.org/       
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Nuclear Technology roundup  
Fission EDF says that a new ‘optimised’ version of the European Pressurised Reactor would 
be 25-30% cheaper than the existing version & could be available for use from 2030. Le Monde 
reported that it could cost £5.3 bn. The 2 EPRs being built at Hinkley may cost at least £19.6 bn: 
www.thetimes.co.uk/article/edf-promises-nuclear-reactors-cheaper-than-hinkley-points-9nvq0crlq  
A new Chinese project heads off in a different direction - to heat supply:  
www.world-nuclear-news.org/NN-China-plans-demonstration-nuclear-heating-project-1202184.html  
with Small Modular Reactors being one option - some say they can be built fast by China:  
www.nextbigfuture.com/2018/02/uk-needs-12-years-to-build-440-mw-nuclear-reactor-while-needs-3-
years-to-make-400mwth-reactors.html But not all agree: the SMR debate goes on:  
http://energypost.eu/small-modular-reactors-for-nuclear-power-hope-or-mirage/   IFR?> 
And battles continue over proposals for new standard plants in eastern Europe: 
www.politico.eu/article/dukovany-czech-risk-wrath-of-eu-over-nuclear-power-project/ 
But a more likely move in some places is to try to keep old plants running longer: for 80 years!! 
www.bloomberg.com/news/articles/2018-02-21/nuclear-reactors-could-run-as-long-as-80-years-under-trump-plan  
Though some have other ideas: https://swarajyamag.com/technology/30-or-40-wont-do-india-needs-at-
least-300-nuclear-reactors-over-the-next-50-years while the IEA worries that China will overtake the 
US soon: https://financialtribune.com/articles/energy/82348/iea-china-nuclear-power-to-exceed-us 
And elsewhere, in the Middle East especially, the nuclear weapons links remains an issue: 
www.bloomberg.com/news/articles/2018-03-21/saudi-prince-s-nuclear-bomb-comment-may-scuttle-reactor-deal 
But views on the weapons link differ. It’s weak: www.mitpressjournals.org/doi/10.1162/ISEC_a_00293 
https://motherboard.vice.com/en_us/article/a374p8/nuclear-energy-programs-rarely-lead-to-nuclear-weapons 
Strong: https://energypost.eu/pro-nuclear-environmentalists-in-denial-about-power-weapons-connections/ 
The technologies overlap, and can only be kept separate by political intervention. Is that reliable?  
https://climatenewsnetwork.net/nuclear-power-firms-woo-middle-east/  
Thorium A critique by Dr. Rainer Moormann concludes: ‘The use  
Of technology based on thorium would not be able to solve any of the  
known problems of current nuclear techniques, but it would require  
an enormous development effort and wide introduction of breeder & 
reprocessing technology. For those reasons, thorium technology is 
a dead end.’ Nuclear Monitor 858, www.wiseinternational.org                      www.beachapedia.org/Radiation_From_Fukushima   
Fusion Here’s some PR on that: www.facebook.com/ScienceNaturePage/videos/1255401644592091/ 
and www.theguardian.com/environment/2018/mar/09/nuclear-fusion-on-brink-of-being-realised-say-mit-scientists  
However, it’s not without problems. Getting more energy out than needed to sustain a 100-200 million 
degree C plasma is some way off, and the neutron flux created by the fusion reaction activates the internal 
equipment & walls of the reactor. This hard gamma induced radiation can disrupt operations. So activated 
materials have to be to stripped out periodically and stored somewhere for around 100 years, until the 
radiation dies down. There are many other safety issues: www.nature.com/articles/nenergy2016154.epdf  
All of which make this account look pretty poor: www.bbc.co.uk/news/blogs-china-blog-43792655 
 

Some nuclear plants in Germany and France can ramp up and down     

 
 

See these tweets: https://twitter.com/PPchef/status/970668691745583105 
 

The nuclear debate goes on, with the US still pumping money into SMRs: 
www.world-nuclear-news.org/NN-US-federal-support-for-advanced-nuclear-technology-0105187.html 
 

Fukushima + 7 yrs 
 

 

  

They do this to meet the daily demand 
cycles. But can they do it more often, safely 
& economically, to balance variable 
renewables?  

  The long clean         
   up continues 
 

Another dead end 
http://allthingsnuclea
r.org/elyman/the-
pyroprocessing-files 

And finally- halting decay! 
http://zapnuclearwaste.com 
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12. CONCLUSIONS  Renewables can deliver  
Australian academics 
Mark Diesendorf and Ben 
Elliston list just 38 of the 
many scenarios that show 
that it is credible to aim for 
100% supply from 
renewables both for 
electricity (RElec100) and 
also all energy (RE100). 
Based on these studies 
they say ‘Electricity supply 
systems, operating on 
100% renewable energy 
with the major proportion 
from variable renewables, 
are technically feasible,  
reliable and affordable   https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/239937/uep_2013.pdf  
for many countries and regions of the world. This is even true if future RElec is limited to 
technologies that are commercially available now. Regions with insufficient local RE resources 
will in future be able to import RE via transmission line and/or tanker carrying renewable fuels. 
RE’s environmental and health impacts are much less than those of fossil fuels and, within a risk 
framework that recognizes low-probability high-impact events, nuclear power. RE contributes to 
community development and participatory democracy, & is compatible with a 
steady-state economy. A 100% RElec system can provide directly & indirectly  
via renewable fuels, all future energy use, including transport and heat.’  
They go on ‘The principal barriers that are slowing the transition are the  
political power of the incumbent fossil fuel, nuclear and electricity industries,  
bolstered by misinformation disseminated by RE critics, & existing institutions  
such as market rules that are inappropriate for climate mitigation and  
discourage RElec and flexible, dispatchable power stations’.  
They conclude ‘the inertia against change can be overcome by the growing  
public awareness of the increasing impacts of climate change, the competitive  
economics of RElec, and positive visions of a cleaner, healthier, more sustainable future. 
However, because time is of the essence, community groups & the population at large must 
increase pressure on governments to resist vested interests and transition to 100RElec & then 
100RE’. www.sciencedirect.com/science/article/pii/S1364032118303897?via%3Dihub 
That seems a reasonable summary, optimistic maybe, even a tad Utopian (fully 100% would be a 
struggle and may not be needed), but it is good to have challenging goals. They admit that there 
will be issues to resolve, maintaining frequency stability is one, but there are options e.g. smart 
invertors creating virtual ‘synthetic’ inertia.  As they say, the real inertia problem is with the 
incumbent energy lobby, defending the technological status quo. But that may be dismantled by 
technological change - although we may have to help that process along and resist diversions into 
dead ends like nuclear and fossil CCS.   
The terms we now often use to describe the new system, resilient, flexible, sustainable, also have 
to be applied to the campaign to get them established. Given the strength of the fossil and nuclear 
lobbies resilience is certainly vital, but so too is a flexible response. Not every battle can be won 
outright - or needs to be. For example, we may need to use some fossil gas for balancing while 
green gas/P2G is got up to speed. The key thing though is sustainability - we have to keep at it.  
That is what emerges strongly from Dave Elliott’s new book ‘Renewable Energy in the UK: past, 
present and future’. From the early 1970’s onwards, there has been a cohort of activists pushing 
renewables forward. They have achieved much more than they everyone could have expected. 
Some of the early scenario looked timidly to renewables supplying 10 or 20% of UK power by 
2020 or even later. We are at 30% now. We need sustained pressure to keep that expansion going. 

 

An optimistic DECC 
UK projection in 2013  

Since then nuclear has stalled so has gas and CCS is out of the race  
 

..but always 
remember  
there are 
short term 
technical  
fixes around:  
http://euanmearns
.com/every-big-
bit-helps/  
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So what next? 
Air pollution in cities has got serious, with fixes 
emerging: www.edie.net/news/8/Crown-Estate-deploys-
London-s-first-air-purifying-CityTree/ But dealing with it 
and climate change fully needs much more radical 
changes - non-fossil energy generation and use. We 
are doing quite well on that, with the leading options 
for power now becoming clearer - solar PV & wind, 
including offshore wind with floating turbines (see 
right). But hybrid systems, for heat as well as power, 
have a place and may spread as integration becomes 
more important - see the photo below of a CSP/district 
solar heating project in Denmark, with a wind farm too - big heat stores can also then play a role: 
www.aalborgcsp.com/projects/68mwth-solar-district-heating-system-in-taars-denmark/ And with CSP/ 
biomass CHP: www.aalborgcsp.com/projects/166mwth-csp-for-combined-heat-and-power-generation-denmark/   

 
 

Which leaves renewables to carry the load. Wind & PV (~600 & 500GW soon) may later be 
joined by tidal & wave power, with the global marine energy potential put by the IEA at over 300 
GW - though wave has a way to go to meet earlier hopes: http://econews.com.au/44486/study-wave-
power-may-be-cheaper-than-wind-solar/. Hydro & 
biomass both have eco issues but may still find 
roles if done right - they, along with storage (e.g. 
via P2G), can help balance the variable renewables. 
And efficiency gains can hopefully make it all 
easier - taming demand. Harder to do for transport. 
There are tech fixes for that, but we also need new 
approaches to mobility. Localisation has its value, 
but energy can be mobile, even over huge distances: 
see the East-West HVDC supergrid idea right! 
Some tricky geo-politics though. www.euractiv.com/section/eu-china/news/eu-looks-into-benefits-of-
energy-silk-road-to-china/  But as renewables expand, big geopolitical changes are likely anyway: 
www.independent.co.uk/environment/renewable-superpowers-fossil-fuel-era-over-reserves-lithium-copper-
rare-metals-solar-energy-a8217786.html 

 
 

13. Renew on Line is a free bimonthly newsletter produced by 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 and other info sources: https://renewnatta.wordpress.com  

 

Nuclear fission power seems to have no 
place in any of this; its on the way out: 
https://theconversation.com/the-unholy-alliance-that-
explains-why-renewable-energy-is-trouncing-nuclear-93519  
Unless someone comes up with cheap 
nuclear CHP SMR unit for urban use! 
But would that be accepted? Unlikely. 
And Fusion? Still a risky long shot… 
Other big technical fixes like CCS also 
mostly seem to have poor prospects- 
BECCS and some CCU maybe apart.   
  

 

Giant schemes, like the planned 2 GW PV array in 
India (pic right) and the Saudi’s vast solar plans, are 
not the only option, but, linked together with efficient 
end-use and with suitable system balancing, small and 
large units should be able to deliver stable, low cost, 
low impact power. We just have to get on with it. 
XXXXXX 


