Renew 2016
Annual Review of progress on renewables
Renewables get cheaper… Solar PV especially

NREL data for PV and wind from http://rameznaam.com/2015/08/10/how-cheap-can-solar-get-very-cheap-indeed/ and
http://rameznaam.com/wp-content/uploads/2015/08/Future-Wind-Price-Projections-Naam-14-Percent-Learning-Curve.jpg

2016 PV update: www.nrel.gov/news/press/2016/37745

Wind power too.. as the technology scales up

There are issues, but the way ahead seems clear, as this annual review explores

NATTA - Network for Alternative Technology and Technology Assessment, Dec 2016
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Renew 2016
Annual Review of progress on renewables
Renewables now supply around a quarter of global electricity and seem set to expand to
50% in the next decade or so, and more later. Wind and solar are the front runners in the
expansion, with costs falling dramatically. This annual review looks at progress over the
year, but focuses on new ideas and the potential for growth. Although the emphasis is on
green energy supply, it also covers energy saving and system integration, including
demand side balancing and smart grids, since they will be part of the overall move to a
sustainable energy future. There’s also a report on nuclear power, since, arguably, that
may limit the development of renewables. Note that, the intro sections apart, the main
focus in this review is on new technological ideas, rather than the many existing projects.
For coverage of them, and linked policy developments, see NATTA’s bimonthly Renew
On Line, which, like this review, is produced by Dave Elliott.
Contents
Dave Elliott produced
1. Energy policy overview
two books this year
2. Technology progress overview
http://iopscience.iop.org/book/978-0-7503-1230-1
3. Wind power - new ideas
www.palgrave.com/gb/book/9781137584427
4. Solar power - diffuses widely
5. Tidal Power prospects
6. Biomass - and geothermal
7. Green heat and energy saving
8. Integration and storage plus Transport
9. Nuclear power: still with us
10. Odds and ends: wild cards and no hopers?
11. Conclusions + NATTA/Renew details
For updates: https://renewnatta.wordpress.com

Below: Just one of the many ambitious scenarios for
the future: this one based on transmitting renewable power within North Africa and also the EU
in 2050 via a HVDC supergrid network- a net flow north from the sunny south:

Unit
Crib

Power in

www.ise.fraunhofer.de/en/publications/veroeffentlichungen-pdf-dateien-en/studien-und-konzeptpapiere/studysupergrid-fraunhofer-ise.pdf
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watts (w)
Kilowatts:
1000 w
= 1kW
Megawatt:
1000 kW
=1MW
Gigawatt:
1000MW,
=1GW
Terawatt:
1000GW=
1TW
Energy in
watt-hours
and 1000x
multiples i.e.
kWh, MWh,
GWh, TWh.

1. Energy Policy Overview
The big picture is that renewables, at near 25% of global electricity, are booming. But so is coal
use in some regions and support for nuclear power also continues - usually in the same countries.
However, whenever they compete head to head, renewables win, with odd exceptions like Russia.
While there is a major focus on getting renewable prices down further, equally, as they expand,
the balancing issues are becoming
more important. Energy storage is
often portrayed as the key option, along
Pyory consultants say that ‘There is strong agreement
with demand management and smart
that the socio-economic welfare value of
grid development, but international
interconnectors comes from their ability to improve
grid integration/interconnection is also
the efficiency of outcomes in the electricity system,
a key approach: see Box for a UK
lowering the cost of meeting demand and of achieving
view. It would allow for more two-way
other policy objectives such as improving security of
trade, and give access to hydro pumped
supply and enabling more efficient renewables
integration’. They add that ‘the overwhelming
storage in Norway etc. to countries
majority of literature reviewed concluded that
without it. With full flexible balancing,
additional interconnection beyond current levels is
the role of baseload plants decreases likely to bring significant benefits to the UK’.
indeed inflexible plants get in the way:

Benefits of interconnectors

http://reneweconomy.com.au/2016/baseload-power-a-myth-used-to-defend-thefossil-fuel-industry-96007 Nuclear plants

are the archetypal inflexible option, as
well of course as having many other
problems, both immediate and long
term, leaving a terrible legacy:

However, they note that whether particular
interconnector combinations provide a net benefit to
the UK and the wider system depends on a range of
market and system issues.

www.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/505222/080_Poyry_CostsAndBenefitsOfGBInte
rconnection_v500.pdf

www.greenpeace.org/international/Global/international/publications/nuclear/2016/Nuclear_Scars.pdf

They are still with us, but as the chart from the Economist shows, nuclear is not doing too well.

Theifall in the price of oil has had some interesting impacts, making all other energy sources less
attractive in the short term, but this is not likely to continue for long, unless you believe BP!
Certainly it is not good news for the environment and undermines the COP 21 Paris agreement.
It’s no secret that, despite some ambitious targets, in practice some national policies are less than
inspiring, in the UK’s case in particular: www.sgr.org.uk/resources/uk-climate-policy-unravelling
However there have been some impressive gains, with for example wind heading for 500 GW(e),
solar thermal over 400 GW(th) and PV solar over 200 GW(pk). Given continued rapid progress
on these and other renewables, and on new energy management systems, there is still all to play
for, with a range of new technological ideas constantly emerging, as this annual review shows.
Our focus is mainly on the supply side, but we do look at demand management and energy
saving, with, in the latter area, LEDs getting good press:
https://energyathaas.wordpress.com/2016/10/03/trash-those-incandescent-bulbs-today/ Supply is
important, but we also need more demand reducing ideas.
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China is still leading the pack - ahead of the EU

www.e3g.org/docs/E3G_Report_on_Chinas_13th_5_Year_Plan.pdf Target: 410GW of wind & solar by 2020

India is catching up

The US - beginning to accelerate?
Wind surpasses 75GW, solar 25GW: post-election who knows!

Target:170 GW of wind, solar and
biomass by 2022, plus more hydro
2030: 110 GW of wind, 250 GW PV?

Japan making a start
Target: 30% of electricity by 2030
from renewables. PV has hit 20 GW.
S. Korea may be a new growth area:
www.ibtimes.com/south-korea-invest-36billion-renewable-energy-2020-2389326

And parts of S America and Africa.

USA: www.eia.gov/forecasts/steo/report/renew_co2.cfm
In his election campaign Trump backed coal …
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Global rankings Overview:

www.ren21.net/status-of-renewables/global-status-report/

Ernst and Young’s 2016 rankings for renewable energy investment attractiveness

www.ey.com/gl/en/industries/power---utilities/renewable-energy-country-attractiveness-index
www.ey.com/gl/en/newsroom/news-releases/news-europe-regains-ground-in-renewable-energy-investment-attractiveness-index

PV leaders http://uk.businessinsider.com/best-solar-power-countries-2016-3 Wind stats 2016 www.wwindea.org/
Renewable energy consumption
in million tonnes of oil equivalent
1 mtoe = 11.63 TWh no date given
www.worldatlas.com/articles/top-15countries-using-renewable-energy.html

See left: US leads in
output despite China
having more wind and
hydro capacity.
Also see WECs 2016
‘energy trilemma’
global ranking:

https://trilemma.worldenergy.org

What next?

2TW of wind by 2030?
6TW by 2050!? See chart:

GWEC’s Global Wind Energy Outlook 2016
www.gwec.net/publications/global-wind-energy-outlook/

PV solar growth China, US, Japan & India the top 4 markets in 2016: http://mercomcapital.com/led-by-chinathe-united-states-and-japan-global-solar-installations-to-reach-approximately-66.7-gw-reports-mercom-capital-group 1TW by 2030?
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The power system is changing- as in Denmark
…and
Germany
North to South HVDC supergrid link:

www.tscnet.eu/new-hvdc-technology-for-ultranet/

And North Africa with giant CSP projects spreading
www.facebook.com/HuffingtonPost/videos/10153707504636130/

Even in the UK where the sheep don’t seem to mind solar farms
And cost projections look
good for PV: its getting as
cheap as on-shore wind

Heat Networks

It’s not all just about
electricity-low carbon
green heat supply networks
are also spreading, as they
already have in Denmark.
The UK has a £320m study
of project options:

www.gov.uk/government/uploads/
system/uploads/attachment_data/fi
le/532483/HNIP_consultation_vFI
NAL.pdf

CHP-fed District Heating
networks with heat stores
can play a role in power
grid balancing too.

Hydrogen option

Low carbon hydrogen for
urban gas grids:

www.northerngasnetworks.co.uk/
document/h21-leeds-city-gate/

Biogas & P2G can be used too.

Offshore wind is also

Storage will be increasingly vital: www.outlaw.com/en/articles/2016/june/storage-technologies-central-to-the-ukmeeting-future-energy-needs-says-expert/ with 25 GW by 2028 and

roaring ahead, with new
tech: offshorewind.biz

batteries likely to play a key role at all scales:
But so
will grid interconnections and demand management as part of an integrated smart energy
approach with power plants linked up in a flexible system:
www.renewableenergyworld.com/articles/2016/06/energy-storage-market-to-equal-rooftop-solar-by-2028.html

www.theguardian.com/environment/2016/aug/02/the-new-green-grid-utilities-deploy-virtual-power-plants
www.powerresponsive.com/viewpoints/internet-of-things-meeting-the-uk-s-grid-balancing-needs/
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Bloomberg global energy scenario
Annual capacity additions, 2016-40 (GW)

Global installed capacity in 2012 and 2040

Flexible capacity includes power storage,
demand response, and other potential resources.

Bloomberg New Energy
Finance’s 2016 New Energy Outlook says ‘as new
wind and solar capacity is added worldwide,
generation using these technologies rises ninefold to
10,591 TWh by 2040, and to 30% of the global total, from 5% in 2015. By 2040, Germany,
Mexico, the UK & Australia all have average wind and solar penetration of more than 50%.’
www.bloomberg.com/company/new-energy-outlook/ Germany leads now in the G20 at 36% - see Box
above. But that ignores countries like Sweden & Denmark, which are doing even better.
BNEF don’t mention biomass in their 2040 scenario, but it may be included in ‘other’, perhaps
along with wave & tidal, or in ‘flexible’, since it’s a storable fuel. Many other global scenarios
push the renewable total, with these options and hydro included, well beyond 50% by 2050, to
80% or more of electricity generation, or even of energy, with solar & biomass heating, as in one
of the RSPB scenarios for the UK below, assuming major commitments to energy saving.
They also usually avoid even the small nuclear input included by BNEF which has only a 4%
global nuclear capacity by 2040, down from 5% in 2012. However, 100% renewables by 2050
may be pushing it globally, even for just electricity, with 80-90% perhaps being more realistic,
but there are now many scenarios nearing that for many countries. Indeed, Germany is aiming to
get 80% of its electricity from renewables by 2050. In fact, many countries could see over 50%
total energy penetration by renewables 2050 e.g. Sweden has already achieved that, and Denmark
aims to get 100% of all its energy from green sources by then, with no nuclear.

Bloomberg on the UK Between now and 2040 $186 bn will be invested in the UK’s energy
system, 77% on renewables. Fossil fuels’ share of the generation mix will roughly halve to 30%, while
renewables share will roughly double to 70%. Government support for ‘uneconomic nuclear and offshore
wind will account for nearly half of all investment’ - $56 bn on offshore wind and $34 bn on nuclear. Solar
will account for $49 bn, mostly due to domestic uptake. New gas stays high, but after 2030 it, and nuclear,
will ‘largely drop off as new onshore wind and utility-scale solar builds’. But will Brexit change this?
http://utilityweek.co.uk/news/New-wind-will-be-cheaper-than-existing-gas-by-2028-BNEF/1252692 - .V2FLhWOMBYd
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UK low impact mixes RSPB 2050 scenarios

High Renewables
low impact

The UK Royal Society for
the Protection of Birds has
developed three low ecoimpact UK scenarios using
DECC’s 2050 Calculator,
with different mixes of
renewables as left, for
electricity, which deliver
respectively 70%, 88% and
56% of all energy by 2050,
and with CCS 81-91% of
the total, excluding
electricity imports, at an
extra cost of up to 9.5% of
higher carbon BAU, but
similar to other low carbon
scenarios. It all depends on
technologies like floating
wind & on new balancing
systems, but it supplies
energy reliably- it passed
DECCs stress test:
www.rspb.org.uk/Images/energy_vis
ion_summary_report_tcm9419580.pdf
www.rspb.org.uk/Images/energy_vis
ion_technical_report1_tcm9419581.pdf

Costs The NAO (chart above)
has onshore wind and solar
beating all by 2025, on its 2016
estimates. Even offshore wind
edges in to the nuclear cost range:
www.nao.org.uk/report/nuclear-power-in-the-uk

Will all these technologies deliver as much as hoped?
In terms of capacity and costs? And EROEI? Read on!
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Corbyn’s 65% by 2030 target for a
future Labour government is just for
electricity, well within RSPBs ranges.

Energy Return on Energy Invested A key measure?
‘EROEIs’ are contentious - it is hard to know where to put the systems boundary, but for what it’s
worth here are a set produced for Energy Matters. They would arguably be lower for variable
renewables if backup energy costs were included: for some PV solar a recent study put EROIEs
under 1 in some locations, though the assumptions behind this analysis have been challenged.
However EROEIs for most renewables are rising as new technology develops, while it is widely
agreed, that for all the fossil options EROEI’s are falling: http://euanmearns.com/net-energy-trends/
There are conflicting EROEIs for nuclear. See the debate: http://euanmearns.com/eroei-for-beginners/
But they are likely to fall as fissile ore quality depletes, some say to 5 or less, though that may be
offset or at least delayed by new fuel processing and (breeder) fission technology.

Fossil fuel EROEIs
.

EROEIs below about 5 are a problem: we need reasonably positive
gains and surpluses to sustain society and its various services and
for economic viability - beyond hand to mouth subsistence
existence. Fossil fuel gave us that but is now harder to get, needing
more energy, and we also now know about its impacts. Same for
nuclear. Will, and can, renewables step in? They’re getting better.
Wind turbines can get to 80! And some say tower-free flying wind
systems, with tethered lightweight kites, could be vastly better: http://euanmearns.com/the-eroei-ofHydro has a very high >
200 EROEI. So if pumped
hydro storage is used for
backup, the net EROEI
for variable renewables
need not be low.

high-altitude-wind-power/
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2. Technology Progress Overview

UK CfD

strike price
<£80/MWh
onshore
£105/MWh
offshore,
£85/MWh
by 2026

Wind power booms

Wind generation capacity was at 435 GW globally at the start
of the year, with China in the lead at 148 GW. Most of this was
on-shore, but, as a review by http://analysis.windenergyupdate.com/
noted, ‘off-shore wind power generation has been on a constant
rise worldwide ever since the first commercial project came
online in Denmark in 1991. As of mid-2015, Europe had 10,394
MW of installed off-shore wind energy capacity; China 718.9
MW; and Japan 52 MW, according to statistics from the
Environmental and Energy Study Institute.’ It also noted that
‘while the United States has just started to invest in off-shore
wind energy, the potential resource is enormous, estimated to be
Hywind montage: turbines
4,223 GW by the National Renewable Energy Laboratory. In the
are getting big!
near term, 3.6 GW of off-shore wind energy capacity is expected to be added to the grid by 2020,
through projects which have been issued leases by the Bureau of Energy Ocean Management’.
With new on and offshore projects emerging globally, by the end of 2016, wind may reach 500
GW world wide (it was 456 GW in May) and, with costs falling, head for maybe 1TW by 2020,
on a par with hydro, although, with winds mostly lower load factors, it would produce slightly
less output. See below for new ideas, including floating offshore devices:
www.theinvestor.jll/news/emea/00/new-offshore-wind-technology-could-entice-investors/
https://cleantechnica.com/2016/10/13/global-wind-energy-capacity-reaches-456-gw-set-hit-500-gw-year-end/

PV solar is catching up - and more to come
With over 227 GW installed
globally at the start of 2016 PV
solar is booming - as costs fall. It’s
still led by Germany, but with the
US, India, Japan and China
catching up. Maybe over 200 GW
in the EU soon. Even the UK
managed over 10 GW. And new
ideas are emerging - for floating
arrays and even for Solar Roads:I
www.idtechex.com/emails/6571.asp

Chart: http://reneweconomy.com.au/2016/graph-of-the-day-why-solar-power-is-taking-over-the-world-94360

CSP 1.5 - 2 GW plant planned in Nevada: www.ecowatch.com/worlds-largest-solar-project-nevada-2041546638.html

Marine renewables
Wave and tidal power are still some way behind, but progress continues
to be made, especially on tidal current turbines - see Open Hydro left and
below for resource estimates. Mygens 400 MW project in Pentland Firth
is moving ahead, at 6 MW so far, more soon using MCTs Seagen. Tidal
lagoons & small barrages are also being looked at: www.bbc.co.uk/news/uk-scotland-south-scotland-34931637

Biomass

is a huge resource, with many energy applications, and new developments,
although also some eco-issues, as we report below. Waste AD Biogas looks to be a winner.
www.worldbioenergy.org/content/wba-launches-global-bioenergy-statistics-2016

Integration/grid balancing will be vital for all the above, along with storage.
www.energy.siemens.com/hq/en/energy-topics/connecting-grids/ and http://reneweconomy.com.au/2016/study-evencurrent-prices-energy-storage-makes-economic-sense-many-renewables-projects-93228
But see this note of caution- more research is needed on batteries: www.nature.com/articles/nenergy2016147
A dated but still good review of storage: www.ecofys.com/files/files/ecofys-2014-energy-storage-white-paper.pdf
Easy guide to the Power to Gas option: http://energydesk.greenpeace.org/2016/09/02/power-gas-storage-solution/
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3. New Wind technology ideas: big, small, flying, floating

50 MW wind turbines

A new design for giant wind turbines, with blades
Big
longer than two football fields, could deliver 50 MW
offshore wind turbines. US Sandia National Labs have
a concept for a low-cost offshore 50 MW turbines with
blades of over 650 feet (200 meters) long - 2.5 times
that of any existing ones. It’s a long way off to the real
thing but, Sandia told Cleantechica that ‘studies show
that load alignment can dramatically reduce peak stresses & fatigue on the rotor blades’. This
would reduce blade costs, and could lead to 50 MW devices. Sandia’s approach is to use, easier to
manufacture, segmented 100-meter blade sections that can be assembled into the full thing. It also
has a ‘folding’ option, as in its Segmented Ultralight Morphing Rotor (SUMR): see picture above.
At dangerous wind speeds, the blades are stowed and aligned with the wind direction, reducing
the risk of damage. At lower wind speeds, the blades spread out to maximize energy production.
https://cleantechnica.com/2016/01/29/mammoth-50-mw-wind-turbine-blades-revolutionise-offshore-wind-us/ More:
www.renewableenergyworld.com/articles/print/volume-19/issue-4/features/wind/the-next-generation-in-wind-power-technology.html

TENG Wind roof
Triboelectric Nanogenerator
A new type of wind energy collection system uses plastic strips
on a roof that sway in the wind like grass. New Scientist reported
‘The strips have nanowires etched on one side and a coating of
indium tin oxide (ITO) on the other. When the strips flail in the wind, the nanowires slap against
the ITO surface of neighbouring strips. This temporary contact allows electrons to leap from one
material to the other, creating a current through a phenomenon known as the triboelectric effect.’
Covering a 300 sq metre rooftop with the strips ‘would be expected to deliver an electrical energy
of 7.11 kW, which should mostly power a household,’ says Weiqing Yang at SW Jiaotong
University in Chengdu, China, who worked on it with Zhong Lin Wang’s group at Georgia
Institute of Tech. But it’s still at lab stage and costly, and toxic ITO probably isn’t viable for the
full thing. www.newscientist.com/article/mg22930552-600-plastic-grass-could-cover-buildings-to-produce-energy-from-wind/
*Another vibration system: www.upworthy.com/try-not-to-jiggle-while-watching-these-amazing-bladeless-wind-turbines

Airborne Wind Energy Systems

Flying

There’s now more enthusiasm for kite type wind systems. See: www.hwn500.de/
Here’s their nice rationale: ‘For a modern 7 MW wind power plant nearly 5,000 tons of material
is used. Considering the fact that the outer 20% of the blades, the fastest moving part, generates
> 60% of the entire power it’s only the next logical step to use only a fast flying device. This is
the concept of airborne wind energy. Tower, foundation, and nacelle and a
big share of airfoil mass are obsolete. An AWE system requires only 1% of
the mass of a conventional 7 MW wind power plant.’ Many small prototypes
have been tested, some using kites steered to move to varying heights,
towing cables on a winch drive to generate power. Others have wind
turbines mounted on the kite sending power to the ground. The higher up
the more wind there is. Though aircraft have to be warned off! Also see
www.kitegen.com/pdf/KiteGen Presentation ENG_mar2016.pdf

Offshore Wind Farms

~ 13 GW so far globally

Floating

Floating devices are now being deployed off the UK (30 MW soon) and
elsewhere, including Japan (~20 MW so far). The US has yet to get into that, but the offshore
resource is large, with 15 GW of projects envisaged off the East coast, 3 GW by 2020 likely, and
one, on the West coast, floating: http://1.windenergyupdate.com/USOffshoreWindInfographic.php
www.renewableenergyworld.com/articles/2016/03/us-considers-800-mw-floating-wind-farm-in-california.html

Good floating wind roundup www.windpowermonthly.com/article/1396544/buoyant-future-floating-foundations
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4. Solar Power - PV with stores a winner
Solar farms are spreading in the UK and elsewhere around the world, delivering power to the
grid from rural areas, but in effect supplying PV power, locally - one town and village at a time.
In parallel, householders are installing roof-top PV - cutting demand for fossil and nuclear
energy, one house at a time. However, PV doesn’t deliver at night, and output varies during the
day and with the seasons, so some backup is needed. That can be at the grid level - e.g. via large
pumped hydro storage. But it can also be done locally or at the house level, e.g. using battery
storage. There are economies of scale with storage, but Renewable Energy World ran an article
which pointed out that ‘having battery systems co-located with PV generation creates the shortest
link between generation, storage and delivery of quality-controlled power. This partnership
results in lower losses and higher efficiency in power delivery (a net benefit to both the local user
and the larger utility power system). Having on-site energy storage creates “dispatch-able” solar
power and enables local power quality treatment 24 hours a day, even in the absence of PV
generation at night.’ It adds that this type of distributed energy storage (DES) ‘is equally capable
of working in front of or behind the meter. The coming diffusion of smart meters anticipates the
introduction of smart billing, allowing utilities to recover their costs for the extra kVA they must
supply (without being allowed to collect the extra costs to retail markets) to residential loads
distorted with on-site created reactive losses.’ That could diffuse some of the emerging conflicts
between consumers & suppliers over the distribution of costs and benefits from local generation
& storage. But it doesn’t just have to be about individual houses. REW notes that ‘DES works
well across a larger aggregation of connected loads - microgrids or rural branch-feeder circuits
for example’. www.renewableenergyworld.com/articles/2016/03/pv-in-transition-distributed-energy-storage-anddistributed-power-quality-control.html Also see
http://blueandgreentomorrow.com/features/home-can-powered-solar-around-clock/ Nearly!
Cool it Solar powered cold storage: www.racplus.com/news/solar-powered-coldstorage-launched/8633815.fullarticle

Paint it Carbon-based solar paint:
www.newcastle.edu.au/profile/paul-dastoor

New PV
cell- 34%
efficient

http://renewecono
my.com.au/2016/
unsw-solar-teamachieves-hugeleap-in-solar-cellefficiency-29541

Applications

On a roll

Solar power is easier to install.
Thanks to the latest innovation: the Roll-Array.
Renovagen has designed a high power PV array that
rolls out like a carpet. It means around 100kW or
more can be deployed very quickly from a small
transportable container in remote areas.
http://inhabitat.com/solar-energy-rolls-out-like-a-carpetwith-groundbreaking-roll-array-photovoltaics/rollarray/

Spread it http://newstoryhub.com/2016/03/the-solarvillage-is-the-first-community-in-the-world-to-produce-4xmore-energy-than-it-uses/ Community scaled PV
www.renewableenergyworld.com/articles/2016/03/5-reasonscommunity-scale-solar-is-a-multi-gw-market-opportunity.html

Floating PV comes to a UK reservoir:
www.bbc.co.uk/news/science-environment-35868250

Hope the ducks like it - and don’t foul it too much
All-weather rain/PV cells with a top layer of
electron-enriched graphene that reacts with ions
in rain to generate power at 6.5% efficiency:
www.telegraph.co.uk/technology/2016/04/11/solar-cellgenerates-power-from-rain-could-solve-britains-energy/

Bionic leaf beats photosynthesis:

www.sciencedaily.com/releases/2016/06/160602151837.htm

Concentrated Solar Power

Focused-solar thermal electricity generation spreads
across Africa and the MENA region:

www.renewableenergyworld.com/articles/2016/03/why-cspresurged-in-africa-and-the-mena-region.html

24 hour T-PV www.energymatters.com.au/renewable-news/thermophotovoltaic-solar-cells-em5437
See-through PV www.facebook.com/ScientificCuriosities/videos/1309237019142508/?fref=nf
Making PV look better www.pv-landscapes.com/cms2/ Is putting it on land (see right) OK?
Recycle it www.irena.org/menu/index.aspx?mnu=Subcat&PriMenuID=36&CatID=141&SubcatID=2734
San Francisco New rules require all new buildings under 10 stories to have PV on their roofs:
http://uk.businessinsider.com/san-francisco-all-new-buildings-must-have-solar-panels-2016-4

New tracking system www.takepart.com/article/2016/09/07/solar-power-game-changer-rooftop-system-more-power
Hybrid PV-Th http://reneweconomy.com.au/2014/bluescope-unveils-world-first-solar-roof-with-heat-and-power-32417
But see this: www.renewableenergymagazine.com/article/naked-energy-to-commercialise-its-hybrid-solar-20151215 And
this: Combined PV and solar thermal roof and wall tiles: http://tractile.com.au Also, for the future, this:
https://wattsupwiththat.com/2016/10/20/forget-solar-panels-optical-rectenna-converts-light-directly-to-electricity/
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5.Tidal Power - global and UK resources
Hydro is an established
form of water energy
with 1 TW+ in use, but
some see large dams as
eco-problems. Tidal
barrages across estuaries
similarly: they use
vertical tidal ranges,
Tidal turbines use tidal
flows, and so may have
lower impacts. So may
lagoons. The chart left
shows ocean tides from
lunar cycles. The
colours indicate tidal
range with white cotidal
lines at 1-hour intervals.
The curved arcs around
the amphidromic points show the direction of the advancing tidal flows. Data from NASA, chart
relayed by Dr Ian Masters, from Swansea Marine Energy Research Centre, who also relayed the
tidal/wave charts below and these UK theoretical tidal resource estimates: Tidal stream 32 GW,
Tidal range barrage 45 GW, Tidal range lagoon 14 GW. The total global resource is maybe 1 TW.
Good overview: www.renewableenergyfocus.com/view/43898/tidal-developments-power-forward/ 1 GW soon?

Tidal costs
Still too high,
but ‘some
industry experts
are optimistic
that in 5 to 10
years’ time the
sector will have
reached bigger
volumes to
become costcompetitive with
offshore wind.’
Tidal Today
2016 review
http://analysis.tidalt
oday.com/

UK tidal projects: The 400 MW Mygen project in Scotland proceeds and there are Tidal Kite and
Delta Stream test projects planned in Wales, plus a 2 MW Scotrenewables project at EMEC. The first of 5
100 kW tidal units has been grid linked on the Shetlands: http://renews.biz/101854/first-power-at-shetland-tidalarray/ Perpetuus Tidal Energy Centre won a go-ahead for its 30 MW project off the Isle of Wight. Some
new NW projects are planned: https://www.constructionnews.co.uk/news/sectors/infrastructure/energy/plans-fornew-12bn-tidal-gateway-to-link-scotland-to-cumbria/8692696.article The 320 MW Swansea tidal lagoon is being
reviewed. In France EDFs 1 MW Open Hydro tidal turbine array is moving on, and Japan is also to test
one. www.renewableenergyworld.com/articles/2016/05/moving-offshore-the-future-of-tidal-energy.html

Wave power buoyed up e.g. by CETO: www.facebook.com/HuffingtonPost/videos/10153808267231130/
and this new one: www.wired.com/2016/04/corpower-buoy/ Who knows, wave energy, so far less developed,
may yet rival tidal: www.walesonline.co.uk/business/business-news/wave-power-device-promises-cut-8407633
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6. Global Biomass prospects
Biomass of various types can be used for electricity production, heating or as a transport fuel.
There are issues with environmental impacts and land-use conflicts with large-scale plantations
for biofuels production in particular, while the use of trees for energy may disrupt carbon cycles.
However, the World Bioenergy Association (WBA) says that in 2012, the global supply of
biomass was 56.2 EJ and it estimates that this can increase to 150 EJ by 2035, with ~43% from
agriculture (residues, by-products and energy crops), 52% from forests (wood fuel, forest residues
and by-products of the forest industry) and 5% from waste streams. It offered this overview:
Agriculture: Crops used for both food and for bioenergy include: sugarcane, corn, sugar beets,
cereals, canola, palm oil, jatropha, soybean, and sorghum. Plants only used for bioenergy or
material purposes are: energy grasses, miscanthus, switch-grass and short rotation coppices. For
agriculture, the energy output is estimated as 26-34 EJ p.a. Worldwide, corn, wheat, rice, sugar
cane and soybean offer the biggest potential of residues.
Another
A systematic use of these by-products offers a potential of 30-38 EJ.
Better
Forests: In 2012, 85% of all the biomass used for energy comes from forests or Approach:
farming methods
trees. Wood is by far the most important source for bioenergy - e.g. as charcoal, can also cut GHG
wood chips, pellets, bark, saw dust, recycled wood, black liquor and other forest emissions:
http://carbonfarmingso
harvest & the wood industry residues. Its potential for energy depends on:
lution.com
(1) A better use and management of existing forests,
(2) The better use of the by-products or residues of trees in non-forest areas for bioenergy instead
of dumping a huge share of this material as it is done in many parts of the world today, and
(3) The planting of new forests in order to compensate for the losses of forest in some regions, to
increase the global forest area again and use part of this additional production for energy. 23-35
EJ of woody biomass can be supplied if these 3 conditions are fulfilled adding up to 72-84 EJ
from woody biomass. Biofuelwatch may not be convinced by this! www.biofuelwatch.org.uk/
Waste: The organic fraction of waste streams can be used for energy. Typical feedstock for
energy generation from waste include the organic fraction of landfills, sewage sludge, municipal
solid waste (MSW), organic fraction of agroindustry waste and unused food. The potential of the
global waste streams for energy is estimated at 6-10 EJ. Small, but arguably better than trees!
WBA says that the projected overall net potential of 150 EJ by 2035 ‘can only be used if a wide
range of government support policies promotes the sustainable production and efficient use of
biomass for energy. Better protection of agricultural land, improving soil quality, increasing
yields, protection of biodiversity and responsible use of water are key criteria for agriculture in
general and also for bioenergy deployment’. More at: www.worldbioenergy.org/content/biomass-hassignificant-potential-towards-meeting-energy-and-climate-goals-2035

UK Bioenergy The UK Energy Technologies Institute says ‘bioenergy
can play a significant & valuable role in the future UK energy system, especially
when combined with CCS. Together they can deliver net negative emissions of c.55
million tonnes per year, and meet around 10% of UK energy demand in the 2050s’.
www.eti.co.uk/delivering-greenhouse-gas-emission-savings-through-uk-bioenergy-value-chains/

Biogas is
seen as a
key UK
option:

www.biog
as.org.uk

The state of play The key issues are the sustainability of the sources and the
efficiency of converting them into useful energy. There are divergent views on the former, some
of which lead to opposition to most types of biomass use, though some greens are happy with
some uses, e.g. biogas production from farm & food waste and possibly the use of some types of
non-food short rotation coppicing. Some see biomass with CCS as a negative carbon option, but
not all agree: www.carbonbrief.org/in-depth-experts-assess-the-feasibility-of-negative-emissions.
Meanwhile, Algae looks promising http://inhabitat.com/incredible-urban-algae-canopy-produces-the-oxygenequivalent-of-four-hectares-of-woodland-every-day/ and bio-conversion efficiency is improving, e.g. via
gassification: www.sciencedirect.com/science/book/9780444632890

Geothermal

Global power capacity so far: 12 GWe New developments:

UK: 3-4 MW Eden project www.edenproject.com/eden-story/behind-the-scenes/eden-deep-geothermal-energy-project
US: http://geo-energy.org/reports/2016/2016 Annual US Global Geothermal Power Production.pdf
Africa:.www.africanews.com/2016/03/10/kenya-joins-world-leaders-in-geothermal-energy-production/
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7. Green Heat - a UK industry view

Heat networks look
good, but not to all..
agree

Earlier this year, the Energyst trade journal surveyed 80 practitioner’s views
on UK green heating. Its editor concluded that it showed that, with gas heating still being cheap
and well established, ‘there is currently little incentive for companies to start paying serious
attention to renewable heat unless it is a going to save them money and deliver reasonably quick
payback. Respondents interviewed for this report said that many renewable heat technologies are
simply not cost competitive. Others said that heat subsidies in the main are unattractive for all
but the largest biomass installations, many of which are, funnily enough, larger than they need to
be. Meanwhile technology remains expensive and can be rendered inefficient through poor
operation and maintenance.’ He noted that ‘Heat networks undoubtedly have merit. They are
assets that infrastructure funds will find attractive, bringing in extra capital. But Decc’s own
figures predict that the £300m it has set aside to boost local authorities’ chances of getting
projects off the ground will at best result in lower carbon heat for the equivalent of 400,000
homes. That equates to 1.5% of the UK’s 26.5 million households. Retrofitting heat networks will
also be very challenging. The truth is that decarbonising heat, while perhaps technically not that
difficult, will be extremely expensive due to the disaggregated nature of the task.’
So overall he felt that ‘until renewable heat technology becomes more cost competitive, or the
available incentives reallocated to genuinely support the lowest cost solutions to decarbonisation,
energy efficiency is likely to be our best bet. Also, a major drive on insulation and efficiency
would mean a much lower peak than the 360 GW currently needed if we were, eventually, to meet
heat demand by switching from gas to renewable electricity. Now that would be expensive.’
One of the contributors to the review noted that, according to one estimate, ‘heat networks would
require subsidy of 75p/kW hour to create the seven-year payback periods sought by investors’,
which ‘would make even Hinkley C look cheap’, but he also noted the view that they were multidecade infrastructure assets, so that longer-term payback periods were reasonable. Yes. And they
are multi-source too - e.g. biomass & solar can be used, with storage possibilities. For example
there were contributions backing other options, including solar heat storage, with one possibility
being the use of Magnesium Sulphate Heptahydrate (Epsom salts, used to treat indigestion). ‘If
you heat it, dry off the water, keep it somewhere dry, go back a few months later and add some
water to it, it will get up to about 80 degrees C,’ said Chris Sansom from Cranfield University.
Whereas hot water stores around 150 MJ/cu m, he said Epsom salts store around 2000 MJ/cu m.
His students are building seasonal storage units ‘about the size of a small shed... something you
would put in your garden or loft’. And that’s with standard, off-the-shelf solar panels. He says
more advanced panels ‘will reduce the footprint further’. The report also offers support for
energy efficiency, e.g. for nanotech coatings for windows & walls (see below): it’s claimed they
can reduce heat loss by up to 40%. http://theenergyst.com/wp-content/uploads/2016/04/The-Heat-Report-1.pdf

Energy Saving As ever there are many new ideas for efficient end use
It’s a huge and urgent topic, but outside our remit - we focus on supply. But here’s an example:

Windows Berkeley Lab Scientists are developing a low-cost paint-on coating to reduce energy
losses through windows. It’s estimated that 10% of all the energy used in US buildings can be
attributed to window performance, costing building owners about $50 bn p.a., yet the high cost of
replacing windows or retrofitting them with an energy efficient coating is a major deterrent. US
DoE Lawrence Berkeley National Lab researchers are addressing this problem with creative
chemistry, using a polymer heat-reflective coating that can be painted on at a tenth the cost.
http://newscenter.lbl.gov/2016/02/25/berkeley-lab-scientists-developing-paint-on-coating-for-energy-efficient-windows/

Buildings are clearly a major target for energy saving: e.g. https://passivehouseplus.ie/ But the scope
for saving is huge in all sectors, including industry. As a UNEP study noted ‘73% of energy used
in industry can be saved using currently available technical know-how and technology’. But the
IEA says under 1% of global average energy savings are currently achieved by industrial energy
efficiency. Try more! And finally, see this: www.independent.co.uk/news/science/old-fashioned-light-bulbscould-be-set-for-comeback-after-light-recycling-breakthrough-a6806446.html
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8. New Integration/storage techs

Renewable power to gas

BioSolar A new polymer-cathode
enables batteries to charge and discharge
rapidly while far out-lasting the lifecycle
of lithium-ion energy storage. Its non
toxic and could halve costs:

Renewable Power-to-Gas (RE-P2G) conversion for
green methane or hydrogen production can replace fossil
https://cleantechnica.com/2016/02/26/new-energy-sourced conventional and alternative fuels (natural gas
storage-solution-could-hit-magic-54-mark/
or liquefied natural gas) and so cut transport emissions
(NOx, particles, CO2). P2G can also store surplus electricity from variable renewables - RE P2G.
But the IEA says, though there are ‘close interactions with the increase of renewable
energy sources and changes in energy infrastructures,’ RE-P2G is still not economic. Danish
GreenCom
So it set up a study to look at current and future P2G for use in commercial vehicles:
grid test:

http://iea-retd.org/archives/publications/re-p2g Denmark meanwhile is pushing ahead with P2G:
https://stateofgreen.com/en/profiles/state-of-green/news/advanced-hydrogen-plant-to-be-built-in-denmark http://phys.org

Hydricity

Low cost battery store

solar heat to power

/news/201609-flexiblegrid-involvesusers.html

An Australian entry in the race to
Purdue University in Illinois is conducting tests
cheap domestic power storage:
on ‘hydricity’, a solar-hydrogen energy hybrid
www.theguardian.com/sustainablesystem. It combines solar generation with hydrogen business/2016/feb/23/half-the-price-in-half-the-timesolar-storage-innovation-harnesses-new-energy-frontier
production and storage that the researchers claim
could rival solar PV systems and battery energy storage technologies:‘Hydricity holds the
promise to provide electricity around the clock at unprecedented efficiencies and at a scale that is
suitable for large cities, using solar energy and environmentally benign processes,’ Purdue
University professor Rakesh Agrawal said, adding ‘The storage density is expected to be three
times of the best batteries, which translates into using three times less volume to store the same
amount of energy and avoids the use of rare earth elements used in efficient batteries’.
It uses solar-thermal concentrators to ‘superheat’ water to 1,000 -1,300C. It’s then sent through a
series of turbines to reactors, which split it into hydrogen and oxygen. The hydrogen is stored so
it can be burned to drive the turbines at night when the solar collectors won't be running. Tests
show that the splitting technique used to generate hydricity is providing an energy-from-sunlight
capture efficiency of around 35% which, the researchers claim, matches current commercial PV
and battery systems. They say the efficiency of this hydrogen-to-electricity system could reach up
to 70%, comparable to the highest reported hydrogen fuel cells. But it will take time to get from
the lab to full scale. Alan Weimer, chemical & biological engineering Prof. at the University of
Colorado-Boulder, said that large-scale commercialisation of the concept would take 25-50 years.
www.edie.net/news/6/Hydricity-definition-renewable-energy-generation-business-trends/

Energy, Industry, Grids & Storage
Battery storage is all the rage, but Willem Post does not see it as
being suited to backup of PV solar. However, he is surprisingly
positive about Concentrated Solar Power plants with heat stores.
They could even supply mini-steel mills in sunny areas of the US:

Cool it with up to 60%
efficient solid state
magnetic refrigeration:

www.tandfonline.com/doi/full/10.
1080/01430750.2014.962088

www.theenergycollective.com/willem-post/2308156/economics-batteries-stabilizing-and-storage-distribution-grids

Prof. Mark Jacobson also sees CSP playing a key role in the US, and industry changing too:
‘High-temperature industrial processes will be powered by electric arc furnaces, induction
furnaces, dielectric heaters, and resistance heaters and some combusted electrolytic hydrogen’.
web.stanford.edu/group/efmh/jacobson/Articles/I/USStatesWWS.pdf And big new storage units are emerging:
www.engineering.com/ElectronicsDesign/ElectronicsDesignArticles/ArticleID/12312/Massive-800-MegaWatt-hourBattery-to-Be-Deployed-in-China.aspx And Gravity storage too: www.escovale.com/gbes.html Cryo-storage
also: www.ior.org.uk/cryohub. Storage, along with fast start-up plants, can help maintain grid voltage

and frequency stability - the latter is an increasing issue with renewables, since few have as much
rotational synchronising inertia as large conventional turbo-generator plants.
www.renewableenergyworld.com/articles/2016/02/fast-responding-energy-storage-digs-into-frequency-regulationmarket.html That’s clear for PV, less so with CSP or biomass-fed turbines, while some wind
turbines can be almost as good as standard plants: http://ieeexplore.ieee.org/document/4494589/ There are
also synchronous condenser options: www.energy.siemens.com/mx/en/power-transmission/facts/synchronouscondenser.htm And the long term vision of the global grid could change it all, balancing it globally:
http://smartgrid.ieee.org/newsletters/october-2015/global-energy-internet-and-interconnection
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What sort of

grid network?

Fossil plant balancing

Gas plants can help, coal not much:

www.gov.uk/government/uploads/system/upl
We need transmission grids to help balance variable
oads/attachment_data/file/387566/Technical_
renewables and link locations where there is excess to areas
Assessment_of_the_Operation_of_Coal_and_
Gas_Plant_PB_Power_FIN....pdf
where there are currently lulls. What sort of energy is best
for transmission? And for storage - in some cases it may be
better than long distance transmission, in other cases the latter may can link to areas where storage
(e.g. pumped hydro reservoirs or cavern air storage) exists. Electricity, heat & gas each have pros
and cons in different contexts. Heat is often the best storage medium, but is hard to transmit long
distances (>30 miles). Gas is easy to store and transmit (in the UK, the gas grid carries 3-4 times
more energy than the power grid with low losses), electricity less so - there are transmission loses
(~10%/1000km for AC) and direct bulk storage (e.g. by large chemical batteries) is costly.
It does seem inevitable that power from wind farms and the like will be transmitted by electricity
grid, with HVDC supergrids allowing for more efficient long distance transmission, but there may
be merit in converting it to hydrogen for subsequent transmission by pipe. Indeed, some see
hydrogen, produced via a range of energy sources, as a key new energy vector. So electricity isn’t
the only option - we need to look at all the energy vectors, including hydrogen & syngas/biogas.
So it’s good that the UK Energy Technologies Institute is investing £300,000 in an 11-month
energy infrastructure analysis project led by Element Energy aiming to improve understanding of
the opportunity for, and implications of moving to, more integrated multi-vector networks.
It says that ‘Future energy systems could use infrastructure very differently to how they are
employed today. Several individual energy vectors - electricity, gas and hydrogen - are capable
of delivering multiple services and there are other services that can be met or delivered by more
than one vector or network. This project will explore how this could become a reality over the
coming decades.’ Pity there’s no direct mention of heat, but the ETI is keen on heat networks, so
hopefully it will be covered, especially since CHP/DH systems with storage can play a role of
balancing. Certainly the ETI is looking at better integration: ‘Currently the networks themselves
are operated independently, but their role in the future energy system is expected to evolve and
new networks are also set to emerge. Closer and more complex interactions between these
different vectors, including partial or complete transitions from one vector to another, are a
distinct opportunity. The full benefit of employing a multi-vector approach to energy supply will
only be clear once the impacts on each part of the energy system are understood. So far multivector energy systems analysis has focused on generation or demand side technologies.
Understanding the implications for networks and their ability to contribute to multi-vector energy
systems will help to provide a more complete picture. The results of this project will help to
inform the best way to deploy new networks alongside existing networks, how best to transition
from existing to new networks and what opportunity there is to make use of existing assets.’

http://www.eti.co.uk/news/eti-appoints-element-energy-to-lead-new-energy-infrastructure-analysis-project

Transport Emissions up
Road transport related emissions in the EU grew by
17% between 1990 and 2014, while emissions from
other sectors fell near a quarter. Cars, vans and lorries
were linked to the biggest absolute CO2 increase of
any sector over the last 25 years, 124 megatonnes,
according to European Environment Agency data:

New Hydrogen options

www.iop.org/publications/iop/2016/file_67429.pdf
www.hypersolar.com/news_detail.php?id=78

Upgrading biogas

with green P2G hydrogen and CO2
www.methan.dk/tech_appl.html
Danish
www.lemvigbiogas.com/MeGamagic
stoREfinalreport.pdf

www.eea.europa.eu/highlights/eu-greenhouse-gas-emissions-at

We don’t focus much on this huge area, or responses to it, apart from mentioning new transport
related renewable energy developments (e.g. of hydrogen fuel cells, biogas and electric vehicle
systems), but the Renewable Energy Association has set up a new sector group to cover members
across the transport, energy & technology sectors as part of a wider effort to deliver a sustainable
transition to low-emission vehicles in the UK: www.r-e-a.net/member/renewable-transport-fuels That’s good
news. But the issues are broader than just fixes for individual vehicles - we need new transport
ideas &planning polices! Well outside our remit here. But IRENA is now on the case:
https://irenanewsroom.org/2016/08/09/laying-the-route-to-sustainable-transport-by-2030 So is Energy Matters challenging EVs: http://euanmearns.com/how-much-more-electricity-do-we-need-to-go-to-100-electric-vehicles/
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9. Nuclear power - old and new
Old nuclear is still with us

with the Fukushima disaster still having impacts:

www.scientificamerican.com/article/5-years-later-the-fukushima-nuclear-disaster-site-continues-to-spill-waste/

Some other old plants are also causing problems e.g. in the USA, France and Belgium, with leaks,
worries about structural integrity and the like, and then there’s the cost of decommissioning them.
All in all, the nuclear legacy ought to give pause to any plans for new nuclear. But despite this,
attempts are being made to launch a ‘nuclear renaissance’. However, it has not gone too well.
New Nuclear The focus initially had been so-called third generation reactors, upgraded
PWRs, like the European Pressurised-water Reactor (EPR) and the Westinghouse AP1000. For a
good retrospective account of the trials & tribulations the UK has faced with the Hinkley EPR see:
www.thefifthestate.com.au/politics/politics-politics/the-mystery-of-britains-love-affair-with-new-nuclear/80657

For a sample of the political battles over the increasingly surreal situation in the UK see:
www.publications.parliament.uk/pa/cm201516/cmhansrd/cm160308/debtext/160308-0004.htm - 16030867000002

With conventional large nuclear plants, like this, facing problems (all are delayed, none so far

have been completed), there’s a lot of enthusiasm within the nuclear lobby for ‘next gen’ SMRs Small Modular Reactors, with many concepts being explored around the world: see Box.
That’s also because the companies think
there could be a big new global market - if
SMR Design Concept Families
they work. But will they? Will the new
Water-cooled SMRs
CAREM-25 (Argentina) ACP100 (China) Flexblue (France)
mini-nukes be any more economic than
AHWR300 (India) IRIS (International) DMS (Japan) IMR
large nukes? Can the security and safety
(Japan) SMART (S Korea) KLT-40S (Russia) VBER-300
issues be overcome? Would you want one
(Russia) ABV-6M (Russia) RITM-200 (Russia) VVER300
near you? Some of them use exotic ideas
(Russia) VK-300 (Russia) UNITHERM (Russia) RUTA-70
like molten flouride salt & thorium, but
(Russia) mPower (US) NuScale (US) Westinghouse SMR (US)
SMR-160 (US) Elena (Russia) SHELF (Russia)
with plutonium as a booster (thorium isn’t
High Temperature Gas-cooled SMRs
fissile). MSR certainly has its fans:
http://ansnuclearcafe.org/2016/08/25/fourth-generationreactor-technology-development-in-china/

HTR-PM( China) GTHTR300 (Japan) GT-MHR (Russia) MHRT (Russia) MHR-100 (Russia) PBMR-400 (SA) HTMR-100 (SA)
EM2 (US) SC-HTGR (US) Xe-100 (US) U-Battery (UK)

But it all seems a long shot with many risks
Liquid-metal cooled Fast SMRs
and unknowns, illustrating mainly
CEFR (China) PFBR-500 (India) 4S (Japan) SVBR-100 (Russia)
just how tenacious the hold of the nuclear
BREST-300 (Russia) PRISM (US) Gen4 Module (US) Astrid (Fr)
dream is. Will it never end? Or will more
Molten-salt cooled SMRs
billions continue to be invested in trying to
Terrestrial En (Canada) Seaborg Tech (Den) Fuji (Japan) LFTR
(China) Moltex (UK) EVOL (EU) Flibe Energy (US) WAMSR
make it real? Fusion too? That is even
Transatom (US)
further off and even more uncertain. So it
From presentation Prof. Tony Roulstone, Cambridge University
can make no contribution to responding to
UK Rolls Royce: www.powerengineeringint.com/articles/2016/03/rollsroyce-angling-as-medium-term-solution-to-uk-power-crisis.html
the urgent problem of climate change.
In theory SMRs could be near cities (30km?) and run in CHP
Whereas renewables can - and now. Using
mode, supplying heat to them and also possibly operating in
the zero cost, safe & secure fusion reactor
variable power output mode, though that could worsen their
we already have, the sun, which delivers
economics. ETI says the UK might have 16GWe by 2050:
www.eti.co.uk/the-role-for-nuclear-within-a-low-carbon-energy-system/
more energy than we could ever need.
The cost It has been claimed that
nuclear costs are rising and that certainly seems to have been true in the USA and France.
However, a new study has claimed it’s not true everywhere.
www.sciencedirect.com/science/article/pii/S0301421516300106 Nuclear projects in Asia do seem to be
cheaper. That may be due to lower labour and borrowing costs, but it may also be due to lower
safety standards, or at least different responses to nuclear accidents. Energy Matters, reviewing
the paper’s data, said ‘some countries like the USA, Canada, Japan and W Germany responded to
the [1979] Three Mile Island accident by imposing regulations that pushed construction costs
through the roof while France, S Korea and India did not’. Chernobyl (1982) had a more mixed
impact - the data suggests a small cost rise in France though none elsewhere, but then by that time
few new plants were being built in the West and after Chernobyl even fewer. Interesting, but not
conclusive either way: http://euanmearns.com/nuclear-capital-costs-three-mile-island-and-chernobyl/
Hidden costs: http://drdavidlowry.blogspot.co.uk/2016/03/davey-still-has-no-nuclear-sense-in-his.html
www.global2000.at/sites/global/files/TORCH - The other Report of Chernobyl.pdf
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Renewables continue to wipe out nuclear
Charts from the World Nuclear Industry report 2016: www.worldnuclearreport.org/

UK SMRs

The surreal ups
and downs of
the Hinkley
saga may be
over, but there
are uncertainties
still about what
happens next with subsequent
projects. Given
the risks with
big long buildtime projects,
the WNA saw
fit to run a post
flagging up
SMRs as maybe
easier to finance:

www.worldnuclear-news.org/VCan-SMRs-unlockfinancing24081602.html

But they are
only at the R&D
stage and when
and if they
moved past that,
they would have
to be very cheap
and very fast to
deploy to catch
up with wind &
PV- and their
continually
falling costs.
On past form,
nuclear is not
good in climate
terms either: a
new study says
countries that
have focussed
on nuclear tend
to have done
less well on
emissions:

www.sussex.ac.uk/n
As can be seen, wind has been ramping up steadily. Fukushima in 2011 had a
ewsandevents/pressr
elease/id/36547
big impact and since then, the slower solar PV growth accelerated, so that
Would SMRs
now, despite its much lower load factor, it’s overtaken nuclear in new output
be any better?
growth terms, as wind had already done, despite a recent rallying with new
Chinese nuclear projects. Whether that will continue remains to be seen. It’s the same for any
more restarts in Japan, with poor Fukushima leak-containment still creating bad news:

www.powermag.com/reports-fukushima-ice-wall-is-showing-little-success-at-preventing-groundwater-inflows/

And there are back-end/clean up/waste costs elsewhere to be faced e.g. in the UK:
www.theguardian.com/environment/2016/sep/05/sellafield-nuclear-plant-riddled-safety-flaws-according-bbc-panorama
And in the USA: http://edition.cnn.com/2016/09/07/politics/nuclear-facilities-bad-conditions-photos/
But new nuclear hopes still rise eternal: www.japantimes.co.jp/news/2016/09/01/business/new-nuclear-liftrenewables-third-hinkley-cost And http://euanmearns.com/the-age-and-future-size-of-the-global-nuclear-fleet/
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10. Odds and ends - crazy ideas or world beaters?
Some of the ideas mentioned above will work - some won’t. It’s never easy to predict with
innovation. Here’s a quixotic roundup of some longshots - or no hopers! Time will tell…

Flying wind power devices

Wind Tree

http://qz.com/763715/win
It’s much windier higher up, so kite born/tethered towing
systems can access a vast new wind resource. A nice review: d-trees-mini-turbineshttp://euanmearns.com/high-altitude-wind-power-reviewed/

Typhoon power www.sciencealert.com/these-

that-can-power-homes/
Low efficiency art?

typhoon-powered-wind-turbines-could-power-japan-for-50-years
http://gizmodo.com/new-wind-turbines-could-power-japan-for50-years-after-1787191781 Big storage needed!
Nano-magic
: www.smithsonianmag.com/innovation/these-creative-windwww.wired.co
turbines-will-have-you-rethinking-what-you-know-about-wind-power-180957767/
.uk/article/car
bon-dioxideMore: www.edie.net/news/8/Spinningethanolsolar-panels-and-water-harvesting-sails-reaction
the-best-green-innovations-of-the-week
Hydraulic lifting of a big

Wild wind

Gravity store

mass to store energy! (pic)
When it falls it pumps water through turbines
www.gravitypower.net Isn’t pumped reservoir
easier? Or just large masses (e.g. scrap iron)
hole (e.g. an old mine shaft), raised by winches
generators when allowed to fall, as in this

Multi rotors

hydro
storage
on one
tower
www.windpowermo
suspended
in a
nthly.com/article/14
and
running
power
01013/first-powerGraviticty
idea:
vestas-four-rotor-

www.energyinst.org/_uploads/documents/
melchett-2016-master-27.06.2016-v2.pdf

concept
storing-electricity-by-

www.ukerc.ac.uk/network/network-news/guest-blograising-massive-weights.html Ex-MCT Peter Fraenkel’s latest!

One big rotor better?

urls open oddly,

Wave carpet US Flexible seabed energy-absorber mat:
http://taflab.berkeley.edu/uc-berkeley-ocean-wave-energy-converter/ Pic >

Solar ball PV Concentrator
Another idea we came across from awhile back:
www.fastcoexist.com/3025073/this-spherical-solar-powerdevice-looks-like-nothing-youve-seen-before

Solar Bandit

CSPnwww.sciencealert.com/australi
a-scientists-just-set-a-world-record-forsolar-thermal-efficiency

PV water heater- pipe free:

www.renewableenergyworld.com/articles/2016/07/world-s-first-pv-powered-solar-waterheating-system-delivers-new-revenue-opportunities-for-contractors.html
Solar thermal-electric cell: www.nature.com/articles/nenergy2016153

Renewable nuclear

using ‘sea weed’ braids

Solar Bubbles

www.solardaily.com/repo
rts/Bubble_wrapped_spon
ge_creates_steam_using_
sunlight_999.html

..and clothes

www.businessgreen.com/
bg/news/2472630/powerdressing-smart-fabricgenerates-electricityfrom-sun-and-wind

Nuclear fuel made with uranium extracted from seawater would make nuclear
power quasi renewable. There’s 4 billion tons of uranium in seawater which in
theory could fuel a thousand 1 GW nuclear plants for 100,000 years. Though
it’s at very low concentrations and would need a lot of energy to extract. But it’s
claimed that new high tech processing systems can do that - though its still over
twice the cost of conventionally mined uranium. In a Forbes article, James Conca
says it uses ‘polyethylene fibers coated with amidoxime to pull in & bind uranium
dioxide from seawater. In seawater, amidoxime attracts & binds uranium dioxide
to the surface of the fiber braids, which can be on the order of 15 centimeters in
diameter and run multiple meters in length depending on where they are
deployed. After a month or so in seawater, the lengths are remotely released to
the surface and collected. An acid treatment recovers the uranium in the form of a
uranyl complex, regenerating the fibers that can be reused many times. The
concentrated uranyl complex then can be enriched to become nuclear fuel.’
www.forbes.com/sites/jamesconca/2016/07/01/uranium-seawater-extraction-makes-nuclearpower-completely-renewable/ - 34e12e0446e2 & www.pnnl.gov/news/release.aspx?id=4271

That still leaves us with waste, safety and security problems… So does fusion, an even longer shot.
But hope rises eternal for nuclear enthusiasts - some look to mini-fusion as the next big thing:
www.lanl.gov/discover/publications/1663/2016-july/_assets/docs/1663_JULY-2016-Small-Fusion-Could-Be-Huge.pdf

20

11.Conclusions
Renewables are getting cheaper

The Brexit mess wont
help, but technology may

Hopefully this trend should continue as markets build and new technology emerges. Here are
some projections, based on current trends for wind (in the US) and solar (globally):

http://rameznaam.com/wp-content/uploads/2015/08/Future-Wind-Price-Projections-Naam-14-Percent-Learning-Curve.jpg
Also see: http://newscenter.lbl.gov/2016/09/13/experts-anticipate-significant-continued-reductions-wind-energy-costs/

http://rameznaam.com/2015/08/10/how-cheap-can-solar-get-very-cheap-indeed/

Battery costs to fall more?
As Electric Vehicles spread:

www.idtechex.com/research/reports/l
There may be ups and downs ahead, challenges but also cost/
ithium-ion-batteries-2016-2026technical breakthroughs, though the overall trend seems clear
000478.asp $100/kWh by 2024?
for these technologies and the other so far less developed ones,
including tidal and possibly wave energy. As long as support policies are well thought out and
applied.. and innovative system integration strategies adopted. And resources are not diverted to
chasing nuclear dreams, with all their unknown costs and risks. Demand side issues are also
important - we’ve hardly touched that in this review, or transport, a huge topic, though the
underlying development of green energy sources and storage should help. Plenty to do!
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The way ahead: vision & innovation needed
Cheap solar Dubai Electricity and
Water Authority received bids for the
800 MW Sheikh Maktoum Solar Park
Phase III as low as 3 U.S. cents /kWh.

www.apricum-group.com/dubai-shatters-recordscost-solar-earths-largest-solar-power-plant/

Offshore wind DONG bid wins at
€72.7/MWh (£61) in Denmark:

http://renews.biz/103317/dong-wins-700mwborssele-double/ Vattenfall get down to €60:
www.bloomberg.com/news/articles/2016-0912/wind-power-price-driven-to-record-low-innorth-sea-by-vattenfall +the first offshore

wind farm is now in place in the USA…

Friends of the Earth’s 2012 UK scenario (above) in TWh’s up to 2030. It assumed growth in
demand, no coal, and no new nuclear: www.foe.co.uk/sites/default/files/downloads/plan_cbe_report.pdf
Scenarios like that for the UK suggest that new ways forward are possible and, with costs falling,
even more may be possible. Certainly there are some inspiring programmes and proposals around
the world, including some quite visionary ones. For example, the Global Energy Interconnection
is China's vision of a world power grid, as outlined at the UN by the nation’s state-owned power
company State Grid. The vision is of a smart, ultra-HV (UHV) grid, connecting power providers
and consumers globally. So day-time solar can meet needs on the night side of the planet, and
excess wind-derived power can be sent to areas where green energy is less available:
http://finance.yahoo.com/news/global-energy-interconnection-vision-world-141500320.html

We are a long way from that just now and there are many local level initiatives that may be much
more immediately relevant, but we do need vision. www.sciencedirect.com/science/book/9780128044056
Of course some include nuclear in that, despite all its problems. One of those is that it’s not much
use for balancing variable renewables. That’s because radioactive xenon gas is produced, with a
~10-hour half life, when nuclear reactions are reduced, and it can interfere with safe operation. So
fast power output ramp downs are not wise, except perhaps by just, wastefully, dumping steam. In
theory you could run small local nuclear plants in CHP mode to use this steam for local heating
and vary their heat to power output to balance varying renewables, but there are many safer and
cheaper sources of power and heat, including biomass/biogas/green gas CHP. Indeed, for system
balancing, green heat, and heat storage, possibly combined with CHP, may be the key option,
and, though power issues will remain important, green heat looks like being the next big focus,
along with storage, with heat stores often being the cheapest and best storage option. That’s one
area where innovation ought to be focused, not on dubious new supply technologies like SMRs:
As the US Union for Concerned Scientists put it ‘Multiple SMRs may actually present a higher
risk than a single large reactor, especially if plant owners try to cut costs by reducing support
staff or safety equipment per reactor’. http://climatenewsnetwork.net/big-push-for-small-nuclear-reactors/
http://oilprice.com/Alternative-Energy/Nuclear-Power/Why-Small-Modular-Reactors-Are-Not-The-Next-BigThing.html and http://realfeed-intariffs.blogspot.co.uk/2016/04/small-modular-reactors-wishful-thinking.html

On the power supply side, frequency control/system inertia are an issue and there is a need for
innovation there too: www.nationalgridconnecting.com/The_balance_of_power/the-news.html
We looked at that briefly above, and also at what’s happening on the demand side. It’s all very
exciting, with many new ideas and new applications opening up, even judging by our limited
sample. So there’s no shortage of work to be done in terms of green energy supply, balancing and
of course demand side management. As ever, we will try to keep you up to date on progress and
issues in the UK and world-wide: see our range of free weekly, monthly and bimonthly outputs.
Renew on Line is the 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 also offers links to other info sources: https://renewnatta.wordpress.com
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