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Part I. Renewables in UK and Europe
Our civilisation is totally dependent on its abundant energy supplies which have supported the
exponential growth of populations, food, manufacturing, building and our mastery of the planet.
Exponential growth now demands radical, managed rearrangements or it will lead to a crash of our
civilisation within a century. (‘Limits to Growth’) The wealthy industrialised nations are responsible for
the exponentials and have the means to make the corrections. The largest developing countries, China
and India, have proved capable of restructuring themselves in a few decades to become the world
leaders in rebalancing energy supplies. The developed world has become complacent and resistant to
radical changes, as shown by the failed series of conferences on climate change. Global emissions of CO2
and the more potent greenhouse gas, methane, have increased by 50% since these talks began. Strong
changes to the climate are already in evidence around the world. Some effort is now needed to evaluate
the impact of weather patterns till 2050 on all weather dependent components of our society including
renewable energy, food production, and local ecologies. This has become a critical century for the
human race.
Figure 1. The exponential growth of world
populations. Only Europe is predicted to decline,
with healthier older populations, by 2050.

The limits to the cheapest fossil fuel energy
supplies have become apparent and worse,
emission of their wastes into the atmosphere is the
driver for global warming. Cheap oil is in decline,
though the effects are masked by the egregious
crash of our financial systems. The use of fossil
fuels must now to be curtailed as quickly as is
practicable to avoid the catastrophic consequences
of rapid climate change. There are two replacements: renewable sources driven by sunshine or nuclear
sources for fission and fusion fuelled by stellar materials. Many proponents of renewables are anxious to
deploy them, regardless of cost, to stop nuclear power which is seen as a threat to renewables and a
historic threat to the fossil fuels industry. Energy agencies across the world find that Nuclear is the
cheapest source of emissions free electricity.
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The modularity of windmills and solar panels and lavish subsidies makes it easy for many
companies to leap into this new energy market. Huge numbers of units are needed to meet any sizeable
fraction of the global needs. They provide a low productivity, uncontrollable and erratic source of
electricity which is widely separated from population centres. Wind and solar power cannot alone
provide reliable electricity to match daily and seasonal load variations. They require closely coupled,
100% support from other energy partners or energy storage systems to level the power delivered and
should be funded and managed as Hybrid Energy systems. The complete systems are indeed extremely
expensive and, even for rich countries, deployment at any cost must have limits.
Geography plays an important role in the renewables story. Unlike the USA, Europe has no
prairies or large deserts and is densely populated. Windmills work better the taller they are and in the
highest spots with a long uninterrupted vista, meaning they will dominate the landscape in which they
sit. England is the most densely populated country in Europe and only the countryside is possible for
large windmills. Much of that was designated as farmland, National Parkland, nature sites, places of
outstanding beauty, managed forests, and hill farms. Solar PV farms are now allowed to use many acres
of farmland. Country residents across England have protested about every wind farm proposal and
prevented almost 50% of them. They have now been met with the extreme response of new regulations
which allow the Department of Energy to override all objections by citizens, councillors, MPs, Bishops
and Lords of the realm. Wind farms can, in principle, be approved anywhere. Even Britain’s premier
seaside resort, Bournemouth, is threatened with a large offshore wind farm which will eventually
stretch across the bay. Its 350 MW of net generation could easily be re-sited or an onshore CAES energy
storage plant, as described in Part II. Many would prefer to have no windmills in England, but grid
connections to high wind, low population density areas like the Scottish highlands, Ireland, or
Normandy. England is set to accrue the most damaged rural amenities in Europe.
The UK, Germany and Denmark have made commitments to deploy large amounts of wind and
solar energy over the next 15 years. This already provides us with real experience of their performance
and a view of the oppressive legislation and uncontrolled spending needed to establish the
technologies. The USA and Europe are exploring plans for renewable systems able to reduce greenhouse
gas emissions from all sources by 80% by 2050. The US National Renewable Energy Laboratory (NREL)
has published the largest, most careful study of such scenarios and this is examined in Part II. We will
find that the expensive, elaborate, continent wide electricity system needs extremes of legislation and
system control well beyond those envisaged in England.
The parts of this report which address just the UK story were submitted to the House of
Commons subcommittee on Energy and Climate Change, 10/7/2012. All the ECC submissions are
published here: (www.parliament.uk/eccpublications Submission 15). This committee chose not to
hear oral evidence in opposition or critical of the UK renewables programme in previous hearings. No
formal analysis of the evidence is to be found.
The great political challenge for Europe is to agree on continental scale management of
renewable energy resources.

I.1.1 Renewables as Hybrid Energy Systems
Europe has considerable amounts of real data on the performance of wind farms and
solar panels. A number of analyses have shown serious technical weaknesses in the case for
overwhelming deployment of the systems.
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The erratic nature of energy from windmills is now well known, though the renewables industry
(RenewablesUK www.bwea.com ), DECC, EIA, and other public agencies publish little or no complete
data or analyses on performance. The following chart (Stuart Young Consulting, www.jmt.org )
illustrates the behaviour for onshore wind power in the UK. Real data for December 2010 from 6
different wind farms across England and Scotland has been added and scaled up to represent the
planned 30 GW (Gigawatt peak power rating) for the UK by 2020+.

Figure 2. The upper curve shows the daily demand variation in December 2010, averaging some 50GW. The lower curve
represents a group of existing wind farms around the UK, with the rated output scaled up to the planned UK peak
capacity of 30GW. The wind energy output is completely uncorrelated with the daily demand variation but the wind
farms are quite well correlated with each other. Output across the UK collapsed below a few percent of peak for some 12
days. The maximum output was under 70% of peak and charts showing more than 80% of peak are isolated examples of
performance. The mean output for the whole of 2010 was around 21%,or 6.3 GW from 30GW, far short of the standard
industry claim for 30-35%.

This one diagram has introduced most of the delivery problems for wind farms. Offshore wind
farms perform better and, in a good year, produce over 30% of rated capacity, but only rarely the 3545% claimed by industry. This ragged output of a net 10GW requires rapid responses from the National
Grid to start or constrain up to 20GW of other power generators, mainly gas power stations, to match
the total output to demand. A steady output of 20GW therefore comes from 10GW of wind and 10GW
of gas, tightly coupled by the wind variations, in what is clearly a Wind-Gas Hybrid power system. This is
a useful shift in the viewpoint for wind and solar energy. Other Hybrid partners like coal and energy
storage systems will be discussed.
The operators of the 20GW of gas stations can only run half the time at extra cost in fuel, 20%
higher emissions when running in on off mode, and higher staff and maintenance costs. The renewables
industry claims that no new gas fired power stations need be built and that the existing fleet can be
constrained off when the wind blows. Compensation to operators for the financial penalties of this are
being negotiated in the UK in 2012. Future replacement gas stations will have to be built on a business
plan of running only half the time.
I.1.2 Trans-Continental Energy Balancing
Could the erratic performance of wind farms be smoothed out better by averaging across
several or all countries in the EU? The largest wind energy programs are currently in Denmark, UK,
Germany, Holland and Spain, and the industry claims this will surely average out with new high power
transmission lines connecting them all. Wind data from UK, Denmark and Spain (Kunz et al.,
www.theoildrum.com/node/7159 , www.theoildrum.com/node/6957) are enough to answer the
question:
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Figure 3. Real wind energy data from Denmark and simulated output based on real wind speed data
for Spain and UK for January 2009, taken on 20 min. intervals (Kunz). The UK and Spanish data are
simulated from recorded wind levels and normalised to the real Danish level of 36Twh/year, or 12GW
peak power generation. The red curve shows the sum of all three and the blue line is the annual
average for each. The highest peaks at 10GW are 2½ times the average and lows of several days at 12 GW exist across the group.

It remains to see how and when excess power in one country can be transmitted to those with
not enough. Plans for high voltage cables to from UK Norway and other countries are already in
progress. When all regions have excess power the alternatives are to constrain (dump) the energy or
send it to some energy storage. Transmission losses are about 10% and round trip storage losses are
about 20%.
Figure 4. High Voltage DC transmission lines, by land and sea could
link the UK, Denmark, and Spain to swap or store renewable energy.
Systems with a 20GW peak would need transmission capacity of 4GW
on each line.
Energy swaps make no sense if all countries have low or very high
output relative to their demands. When 1-2 countries are low and the
others are high, or willing to sell their electricity at a premium, then a
swap makes sense. With only one time zone between these three the
demands are similar. Making a swap to a country with low wind energy
and low demand – during the night - is also unnecessary. A simple
analysis of this three way scenario with the data in Fig. 3 shows that, on average, no more than 10% of
this expensive transmission capability would be used. High power transmission lines are expensive.
Between 20-30% of the cost of every offshore UK wind farm will be the connections to the onshore links
and DC/AC conversion to the National Grid.
Perhaps the averaging of power sources across a much larger region would use equipment and
resources more efficiently. The ultimate step is promoted by the project, DESERTEC, which extends from
Iceland to Saudi Arabia and Norway to Mali, Figure 5. Every power source is connected to a high power,
high voltage grid spanning the region. It is only on this scale that renewable electricity might be made
available on demand to homes, industry, and commerce across Europe. The political problems appear
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greater than the financial ones for this scheme as every generator must respond on an hourly basis, a
level of international cooperation never seen on any issue before.
Figure 5. DESERTEC: An
Intercontinental
super
grid system connects
Geothermal power in
Iceland with solar energy
in North Africa and Saudi
Arabia.
Storage
and
power is listed as hydroelectricity and molten salt
thermal stores for solar
installations.
Biomass,
Hydro, Gas, and storage
are all modest compared
to wind and solar and
serve as their Hybrid
partners.

Not surprisingly, the simple study by Kunz et al. is almost the only one which examines
distributed performance using real data on the time scales of wind energy variations. The German
Advisory Council on the Environment published a study on ‘Pathways towards a 100% renewable electric
system’, 2011. No solution was offered to the problem of large excess production in a purely German
system. The remarkable idea that offshore wind capital costs will drop from EU13/MWh to EU4/MWh by
2050 should be most attractive to investors. The UK DECC does not offer any analysis of a widely
distributed system.
A challenge to the EU renewables movement to model integrated EU-wide systems using real
data wherever possible.

I.2.1 Renewables Experience in the EU
The current realities are that the drive to suppress nuclear energy has led to increases in the use
of coal and gas and the investments in wind and solar have dramatically increased electricity prices.
British nuclear power was bankrupted by the Labour government and all the nuclear laboratories,
except for the Aldermaston nuclear weapons lab, have been closed. Only the Fusion laboratory and its
EU JET programme, survive in reduced circumstances. The UK coalition government has returned to
support of new Nuclear power but has moved first on legislation and regulation to pre-empt endless
legal challenges by the renewables movement. Nuclear power is seen in the UK as an important part of
a balanced energy mix.
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I.2.2 Scotland
Scottish politicians claim that Scotland will generate 100% of its electricity from wind by 2020. This is
a misrepresentation as it omits the emissions from English gas fired power stations that are its Hybrid
partner. On days with no wind they will be supported by this gas power. The load factor for the wind
farms is claimed to be over 40%, but offshore wind farms in Denmark deliver no better than 30%.
Scotland gets 30% of its electricity from coal and 20% from the nuclear stations at Hunterston and
Torness. The 1200MW coal station at Cockenzie breaches EU regulations on other emissions and will
close in 2013, but Scotland plans to replace this with 2400MW of new coal stations, 800MW at
Grangemouth and 1600 MW next to the nuclear power station at Hunterston. The old Longannet
2400MW coal station now meets EU regulations and has had its life extended to 2025. The emissions
from Scotland are set to increase.
Their one large gas fired power station at Peterhead
is a highly efficient closed cycle system unsuited to the
leveling task, so all the leveling is done from England
over the main 400kV grid connector. This connector has
a 1.9GW capacity which covers the current levels. It is to
be expanded to 4GW and a new High Voltage DC (HVDC)
undersea line is to be installed between Flintshire and
Hunterston. The investment, running costs and
emissions for gas leveling in England simply do not
appear in Scottish budgets or energy plans. This raises
the general question of who should pay for the various
elements of a widely distributed energy system.

Figure 6. The current and planned National Grid of
275kV and 400kV lines required to deliver offshore
wind energy from Scotland, mainly the East coast.
Most of the costs for new and upgraded lines should be
included in the total cost of wind energy.

A challenge for Scotland is to quantify the real costs of their wind energy programme
and the necessary support contracts and contribution to grid connections with England
and others after independence. The Danish experience should provide the data.
A challenge for England is to eventually give up its sovereignty over UK energy sources,
including any nuclear plants, and cede control to the EU.

I.2.3 German Wind and Solar
How do different types of erratic renewables affect the electricity supply and grid stability? A recent
analysis (Euan Mearns, www.theOildrum.com) of German wind and solar output in the sunny month of
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March 2012 showed that rooftop solar photovoltaic (PV) energy on a large scale must also be partnered
with gas or substantial energy storage.
The daytime solar feed of up to 15GW could not be suppressed by the grid operators. The 30GW of
wind power did not get above 20GW and was below 3GW for 14 days. The mismatch of solar in the
south and wind in the north, and the lack of 8GW of closed nuclear power, came close to crashing the
grid. This exposed their failure to plan an integrated set of Hybrid wind-solar-gas systems with
appropriate grid capabilities.

Figure 7. German Wind and Solar power, each peaking at 15-20GW. The solar power does
not cover the evening maximum demands. The wind power is below 10% of its peak for 5 days.
Leveling power of up to 30GW peak is needed from Hybrid partners to provide stable electricity on
the grid.
Rooftop Solar PV is inevitably sited far from any large scale energy storage and will require very high
capacity grid lines to divert the peak energy there. An alternative is for the grid to signal rooftop
installations to cease production or use in-house storage. The German rooftop solar is easily the world’s
most expensive electricity as it operates at a 10% load factor and was mostly bought through subsidies
at the high early prices for solar panels.
Renewables can often peak together and their total output can exceed the total desired load. Thus,
thehigh German solar PV capacity would limit wind energy to a maximum of about 70GW today, or
require substantial curtailment. The German desire to increase solar capacity to 40GW limits wind
capacity to the current level, or needs grid connections to export it somewhere else.
Germany is in the process of closing its nuclear base load power stations which has damaged the
finances of their principal energy companies. It should be clear from the previous discussion that no
amount of new wind power in the UK or Denmark will guarantee electricity on demand for Germany.
EfN-UK: Hybrid Renewable Energy
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I.2.4 EU Electricity Costs
Households incur higher taxes and pay more for electricity than industry. Large
industrial plants may pay extra for their special grid connections. The cheapest form of energy is Natural
Gas burned for heating. Clearly, the emissions from gas heating will not be captured, so good insulation
is needed to make heating with low emissions electricity affordable. Unfortunately, Figure 8 shows just
how high electricity prices are being driven by renewable subsidies.
Figure 8. EuStat data compares domestic and industrial electricity prices between countries with
various energy mixes. Consumers pay much higher prices than industry due to taxation. The grid
connections are a large component of the price to industry. Dominant electricity sources are noted for
several countries. Poland runs mainly on its coal, France on nuclear, and Norway on Hydro. The wind
and solar renewables make electricity 40% more expensive in Germany than in UK.

I.2.5 Carbon Capture & Storage
This technology is mandatory if coal and gas are to continue as Hybrid partners to Wind and
Solar renewables. However, it remains a rather distant prospect. Carbon capture adds up to 30% to
generating costs and 20% to fuel consumption so operators will not even attempt to do it without
legislation. Storage is equally expensive as the captured CO2 must be compressed and pumped to a
suitable burial site. The best choice is to an existing oil field where the gas may aid extraction of more oil
and provide some revenue. The worst is to some distant oilfield in the North Sea where 500 year
containment may be difficult to check or repair.
EfN-UK: Hybrid Renewable Energy
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It is clear in the briefings from DECC on CO2 storage in offshore wells or saline deposits, gastight
for 500 years, that this presents the highest risk and cost for every UK CC&S system. BP withdrew its
own trial of a complete CC&S system at Peterhead on this basis. The best UK scheme, which has not
been considered, would be to design, build and test offshore storage as a project integrated with a
proven gas fired unit using Carbon Capture. The gas power station would be a Hybrid partner to wind
energy in Scotland.
There are now 18 CC&S power projects approved around the world, though none are built
(sequestration.mit.edu). Twelve will be built on existing oil fields, gaining revenue from enhanced oil
recovery (EOR). Only 10 of 17 pilot plants are actually running. Only one pilot is storing CO 2 in an
offshore gas field. Only Norway is testing capture for gas fired units. It will take several years for the
engineering and operating practices to be established.
It is a premature expense for the UK to duplicate existing trials in other countries by building
new coal fired power stations with experimental Carbon Capture at Grangemouth (2X400MW) and
Hunterston (1600MW). This can be nothing more than a gamble, with no consequence for the coal
burners, if CC&S fails to materialise here.
Germany has no current CC&S pilot projects and two full scale CC&S power stations have so far
been rejected by local communities.

A challenge for Germany is to produce a plan to close its coal mines and coal power
stations keeping only sufficient coal for those using a CC&S system.

Concluding Observations, Part I
There is little doubt that wind and solar energy alone on any scale cannot meet the electricity
needs of an industrial civilisation like Europe. These sources must be partnered with dams and lakes and
river runs and biomass fuels from forests and farms, but are currently partnered with the familiar fossil
fuels. The Wind-Gas Hybrid combination can never be part of a scenario of 80% electricity from carbon
free sources.
Climate change scientists have pressed for urgent action in reducing emissions, but this urgency
has merely stimulated a very fast build of systems without a clear view of how they are to grow and
integrate with society. As the unforeseen problems emerge we are compelled to fall back on the fully
matured engineering of new coal and gas stations. Greenhouse gas emissions continue to increase.
Part II discusses the more coherent US plan for the development of an 80% Renewable
electricity supply by 2050.
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Part II. The US National Renewables Energy Laboratory Study, 2012.
NREL has performed a study of a range of RE scenarios leading to 80% of electricity being
provided by renewables by 2050. This would be a major step towards cutting global CO2 and other
greenhouse gas emissions by 80%. The NREL 2012 study (www.nrel.gov/analysis/re_futures )does not
contemplate the use of CC&S. The NREL study does not mention the decline of conventional oil or
discuss the production of biodiesel. Any thought of the expansion and electrification of railroads to
replace long distance travel and trucking is absent. Nuclear power is allowed to die away to 5% by 2050
as existing nuclear plants are retired. The optimised High Demand results require a total capacity of
1930 GW to deliver 582 GW at a cumulative capital cost of about $4.5 trillion under their optimistic
assumptions. More conservative estimates lead to a cost of about $6Tn. Nuclear power could replace all
308 GW of wind and solar electricity output for $2.0Tn with twice the service life.
Every State of the Union is expected to contribute to the RE production on a continent wide grid
which has complete control of all resources. Electricity on demand cannot be guaranteed with 80%
renewables so forced load reductions of up to 10% (60 GW) may be necessary for selected sets of
industrial users, electric vehicles, home appliances, and others. The primary electricity generation will be
from wind (200 GW) and solar (70 GW), partnered with equivalent energy storage by pumped Hydro,
Compressed Air storage, molten salt thermal storage, and gas turbines and dispatchable renewables like
Hydroelectricity and Biomass. Energy conservation would be pushed to its highest level to optimize each
scenario.
The primary energy storage used in the modelling is Pumped Storage Hydro, followed by Compressed
Air Energy Storage, CAES. The primary Solar energy is to come from Utility scale and rooftop Solar PV,
followed by Concentrating Solar Power (CSP). The total spend on Solar is 30% more than that on wind
but produces 1/3 of the wind energy.
The best geographical sites have been identified for each technology. These should be used first
to get the highest performance, but this puts them far away from population centres. Actual
performance is dependent on weather, which can also vary by up to 30% between wet and dry years.
The overall schemes are very similar to the European DESERTEC scheme.
The Wind and Solar sources can produce 3 or 5 times their average output and sometimes
simultaneously. The output can exceed the total load on the grid and so must be curtailed and energy
discarded. On a regional basis, 6-10% of wind energy will be curtailed. These renewables can also
produce less than 10% of their average and so demand may have to be curtailed on a regional basis by
16-24%. Lighting will not be deliberately curtailed.
NREL has amassed a large amount of data on a long list of technologies and the geographical
possibilities for deployment. The model scenarios and working assumptions for various levels of
penetration by renewables have been optimised to represent the best combinations. NREL has assumed
that the continent wide system will indeed smooth out the delivery of power. This remains unverified
with real time wind or solar data. Various averages are applied in the modelling and high, ideal
performance for equipment is used, leaving concerns that reality may be far from these models. It is
clear that the infrastructure needs for support of wind farms are far more elaborate than is ever
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presented by the wind farm industry. The NREL study does not promote the more contentious or even
silly claims of parts of the renewables industry or its supporting academics.
Some of the systems may be unfamiliar so we will use their cartoons and data to illustrate them.

II.1 NREL Renewable Energy Technologies
II.1.1 Concentrating Solar Power
CSP technologies use mirrors or lenses to focus the 47% of thermal energy in sunlight on a receiver
containing a working fluid. The mirrors use a 1 or 2 axis tracking to maximise the solar energy captured.
Parabolic trough and linear Fresnel systems use oil based fluids. Dish concentrators may use air to drive
a Stirling cycle engine. The tower concentrators use molten salt, at much higher temperatures, for
higher conversion efficiency of heat to electricity.
Figure 9. Cartoon of 4 CSP systems: Parabolic trough, Tower, Dish, and Fresnel concentrators.

The South West of the USA is virtually uninhabited and has vast acreage for solar plants. Los
Angeles and Phoenix are on the same latitude as Baghdad, so there is up to 13 hours of sunshine in the
summer. An MIT presentation (Anderson) evaluates the performance of a 100 MWe CSP plant, Figures
10,11,12. The power output is a useful 15% of the total concentrated sunlight.
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Figure 10. Energy conversion from sunlight to electricity by a 100MWe CSP plant. A fraction of the
power is used to rotate mirrors and pump the working fluid.

The daily and seasonal variations of solar energy mean that the CSP plants have a low annual load
factor, though it does match with local daytime air conditioning demand. The levelised cost of electricity
is 12 cents/kWh, about 2.5 the cost from conventional sources. The low load factor and high capital
investment has made CSP plants uneconomic and few have been built. The largest in the world is a
group of 9 plants in the Mojave desert with an total capacity of 354 MW, using 6.5 km2 of land.
Figure 11. The net electric delivery by
Nevada Solar one, 2006, is zero at night
and varies from a peak 60 MW in
summer to 10 MW in winter. The
daytime dips correspond to hazy or
cloudy conditions during those months.

Figure 12. The output time can be extended by a
about 8 hours by attached thermal energy storage.
This capacity cannot extend across weeks and
seasons.
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Figure 13. Solar output is often as erratic as wind as shown by this chart of incident solar energy over
6 days at 7 locations in Texas, 2006
(http://www.seco.cpa.state.tx.us/publications/renewenergy/solarenergy.php ).
This is data from the National Solar
Radiation Data Base. Solar energy presents
similar problems to the grid as does wind
on an hourly, daily, seasonal, and yearly
basis. Wet and cloudy years can be down
by 30% from dry years. This is not included
in NREL models.

Figs. 14-15. NREL maps of the best locations for Solar PV and CSP Plants. The broader availability of PV
energy means that their optimization reduces the CSP contribution even though it is significantly
cheaper.

EfN-UK: Hybrid Renewable Energy

Page 13

II.1.2 Hydro Electric Plants
Very large hydro electric plants, like the Hoover Dam in Arizona or the Aswan Dam in Egypt store
water from major rivers or large catchment areas and deliver great amounts of cheap electricity on
demand. The capital investment and drowning
of large areas are proportionally huge. Small
Hydro plants, down to 1-2 MW capacity, can be
installed wherever there is a lake or running
river to drive them. They require such
geological features and are dependent on
seasonal rainfalls. They can be used on a
seasonal basis, storing water in winter and
making power in the summer.

Figure 16. NREL cartoon of a large Hydroelectric plant.
Hydroelectricity output around the world has
dropped by up to 20% in the last decade due to
continued droughts or low rainfall.

Figure 17. One of the world’s largest water turbines
being installed in a Hydroelectric plant.

Figure 18. Most of the large
hydroelectric plants are and will be in
the northwest of the USA. Most of the
best sites are already occupied and
others need new regulations to allow
construction in protected places like
National Parks.
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II.1.3 Pumped Hydroelectric Storage, PHS
Electrically pumped storage needs only an upper and lower lake or reservoir with a 50-100m height
between them. The size of the upper reservoir can be built to provide a fixed amount of power, say
500MW for 12 hours. The lower reservoir can be artificial, providing a closed cycle, or any other reliable
source of water, even seawater. Typically, the plant will return 80% of the electric input to the grid.
Figure 19. NREL cartoon of a pumped
storage hydroelectric plant.

II.1.4 Compressed Air Energy Storage, CAES
Air may be pumped into a large cavern, increasing the air temperature and providing a high
pressure. Caverns could be existing caves or mines, or constructed by washing out salts in a salt bed, or
cut from hard rock. Being underground, the systems occupy little land area and can be deployed more
easily than pumped Hydro. The energy is to be recycled in 15hrs. The hot air can be efficiently
supplemented with natural gas to give a higher power output when needed, at the cost of some CO2
emissions.
In the highest demand scenarios the US system needs up to 120 GW of PSH and 15 GW CAES as
the principal partners for excess Wind and Solar. There are only 2 large, working CAES systems in the
world today. The American one at McIntosh, Alabama produces 110 MW from compressed air to
pressurize natural gas for a further 240
MW. The plant can run for 26 hours on
a full or charge, or more normally for
10 hours on a daily basis.

Figure 20. NREL cartoon of a
Compressed Air Energy Storage plant
using an artificial limestone cavern.
The power output is enhanced by a
gas turbine and the exhaust heat
returned to the cavern.
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II.1.5 Battery and other Energy Storage
Electricity can be stored in chemical batteries based on lead-acid, Li-ion, reduction/oxidation of
Vanadium salt, Sodium-Sulphur and others, but the amount stored per kg or per litre is small. Large
Vanadium salt batteries have been proposed to smooth the most rapid fluctuations of wind energy at
multi MW levels. Millions of electric vehicles will carry millions of tonnes of Li-ion or other such batteries
and are regarded by NREL as a potentially time shiftable load. The vehicle owners may not see it that
way when their batteries have not been charged.
Figure 21. A comparison of energy density for various storage systems.

Figure 22. NREL comparison of
the capacity of storage
systems to deliver a rated
power for some discharge
time.
The most suitable
systems to support massive
amounts of wind and solar
energy are clearly Pumped
Hydro and Compressed Air.
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II.1.5 The USA Super Grid.
The Wind, Solar and Hydro power resources are widely spread and mostly far from population
centres. The highest onshore wind resource arises in the Central states, Figure 23. More expensive
Offshore wind is available on the East and West coasts and around the great lakes. The most favoured
regions for offshore wind are the Great Lakes and the North West.

Figure 23. NREL map of wind speeds in the
USA.

The NREL scenarios require that all
resources be equally visible and controllable
all across the continent. These maps show
the main transmission lines today with little
connection between East and West coasts.
All of this must be strengthened to carry
much larger power flows. New connections
are needed by 2050 to link State or regional
grids. Grid control will be managed by an
equivalent computer network. Most of the
cost of this work is in support of the
dispersed wind and solar systems.
Figure 24. Maps of the 2010 and 2050 high
power grid connections. For distances
above 250 miles a High Voltage DC line
may be considered. The DC motor to AC
generator convertor sets at each end can
match different phases for the local grid
but are also very expensive. These
convertors, on a smaller scale are needed
to connect every onshore and offshore
wind farm to the grid. Low voltage
convertors are part of every solar rooftop
installation.
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II.2 NREL Energy Scenarios for 2050.
NREL has explored combinations of all the renewable energy sources which can optimize an 80%
renewable energy future. The remaining 20% of carbon based electricity generation is from coal and gas.
They have ignored Carbon Capture & Storage as a way of rehabilitating more coal and gas which leaves
the questions open their view on the successful implementation of CC&S on a large scale. Nuclear power
is allowed to die away in all scenarios as plants reach the end of their service lives. This is, of course, a
primary goal of the renewables movement.
The model requires a total capacity of 1930 GW from all sources to deliver an average of 582
GW. The modelling is done on an hourly basis but using averaged outputs from the erratic wind and
solar sources.

Figure 25. Matching output to load over 4 days of a summer peak. The peak is due partly to
extensive use of air conditioning of homes and offices. Solar sources are at their summer peak with
1/3 from the from uncontrolled rooftop PV installations, and 2/3 from CSP utilities. The CSP output
shows the extended production from thermal or molten salt storage. Coal makes a substantial
contribution to the base load, and gas partners much of the wind variation. Some excess wind is
simply curtailed. The annual wind curtailment is about 10%.

We have not discussed Biomass energy, using materials like wood wastes and domestic or
industrial wastes to be burned alone or with other fuels like coal. Greater use of Biomass fuels would
impact agriculture, endanger large forests, and impact local ecologies as is clearly seen in parts of Africa
dependent on firewood for cooking. Biomass does play a role in all NREL scenarios.
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A basic assumption is that energy conservation will reduce the 2050 demand by 30% from the
direct increase due to a 50% population growth. All environmentalists agree that this is necessary for
any sustainable future, but the USA has so far been the least willing to cut waste and energy
consumption. Californians, on a personal level, seem to have no interest or understanding of energy
conservation. Progress to more efficient homes is largely left to ‘inter-fuel competition’ between natural
gas and electricity. Ultra-efficient homes can cut consumption by 70% with good insulation, solar panels,
air pumps for cooling, ground pumps for heating, air circulation without leakage, and large south-facing
windows. The costs for ultra-efficiency are high. For these reasons, we only look at the high demand
NREL scenario for 2050.

Figure 26. Storage of excess wind and solar energy is
the main Hybrid partner on an annual basis in all scenarios.
Storage matches or exceeds variable generation, not the
variable nameplate capacity.

The NREL study may well be used worldwide as a basis for
driving the growth of renewables in rich countries. The scenarios
presented are the best found by optimising among many
parameters and choices, using the most favourable assumptions
that are not obviously wrong.
The highest load prediction is for an average 582 GW in
the RE-80%-HD scenario. The US electricity consumption in 2011 was about 4000 Twh, or 456 GW.
However, the product of 30% conservation, a 50% increase in population, and at least a 50% increase in
electricity for transport and heating uses leads us to expect an average demand above 700 GW.

Figure 27. The capacity and
generation mix for the HighDemand 80% RE scenarios
with a comparison to a fossil
fuelled baseline. The %
Generated stacks conceal
both the total generation of
582 GW and the generation
from each source.
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Wind is the largest and most erratic generator but, under the smoothing assumptions of the model,
only a small amount of gas, the modest amount of CAES shown, and the Hydroelectric plants seem
sufficient to steady the supply. However, a large amount of gas capacity is still available as reserve or
standby power. Coal and co-fired coal with some biomass are used to add base load power when the
wind is predicted to drop or continue low on a following day. Good weather prediction is a necessary
part of the overall management of supply and demand.
Unpacking the stacks gives a more informative presentation: The capacity (blue) and actual
generation (red) from each source are shown in Figure 28. The wind capacity could be 200GW short if
the real average performance of the wind farms was 20-30% lower than the theoretical. Year on year
weather variations or large scale climate change could have a similar impact. The comprehensive NREL
modelling says nothing about these possibilities.
The capacity and generation for the Hybrid partners - gas, coal and storage – are superposed in
green for easy comparison. The total of all this Hybrid backup capacity and the total renewable capacity
are shown to be comparable. The RE Total is indeed about 80% of 582 GW generation and would be 90%
emissions free if the Nuclear contribution were included.

Figure 28. Capacity and
generation for all the
electricity sources in
the
NREL
80%
Renewables scenario
for 2050.

The electricity from storage came from excess wind or solar and is therefore not an originating
source. The very large amount of gas fired capacity in the system can be used for major lows in
renewable production and cannot be taken out of service. The NREL assumptions about continental
averaging required very little gas to be used in this case.
It remains to discuss the real cost of electricity in this 2050 scenario. The costs have been
estimated by Black and Veatch with fair assumptions about future improvements and reductions in cost
by 2050. We have mostly used the lower 2050 costs and the average of the 2015 and 2050 costs for
EfN-UK: Hybrid Renewable Energy
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Solar PV. There is not enough information in the reports to make a good estimate of the costs for the
grid expansion, but a range of $Bn100-200 seems appropriate. The cumulative capital cost of the RE80% systems is about $4.5 trillion for the NREL assumptions or up to $6Tn on more conservative
performance assumptions. Nuclear power to deliver the same electricity as wind +solar would cost
about $Tn2.0 with double the service life, locally managed grids, and no demand curtailment.
Our last chart, Figure 29, shows the capital cost of electricity actually delivered from each
component of the system in $Bn/GW – or $M/MW. This is not the same as the Levelized Cost of
Electricity, LCOE, which also depends upon the various running costs, the interest rate charged for
capital loans - a factor of 1.5 to 2 in bank interest over 20 years - , and plant service life. All the carbon
free systems have little or no fuel costs so the price of electricity is mostly set by the capital cost and
service life. Nuclear power has 2-3 times the service life of wind and solar plants and electricity is
proportionally cheaper. Using cost per MW delivered reflects the true economics of the system, unlike
the usual cost per MW of peak capacity.
Wind, Solar and their hybrid partners, pumped Hydro, CAES, and gas and coal are shown in as
one group (orange). The controllable renewables of Hydroelectricity, Geothermal, and Biomass are
another group (red). New Nuclear is shown for comparison. The actual nuclear power used in the NREL
scenarios is old nuclear, providing the cheapest electricity at its very low marginal cost after 20 years.

Figure
29.
Capital costs per
average Gigawatt
of
electricity
delivered.

The real capital cost of wind and solar energy should include the investments in all the backup
or partner systems and in the elaborate national grid. A simple proportional division of the storage costs
between the wind and PV sources gives an estimate of the Gross cost of each with storage as shown
(purple). By all measures, solar power is by far the most expensive source of electricity, especially the
rooftop panels. Its value is that it is independent of wind and provides its power regardless.
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Corporations, governments and their agencies seem never to ask this titanic question: how close
to disaster are our rosy predictions?

The biggest challenge to the NREL is to extrapolate real performance data
from existing installations, using a wider set of weather assumptions and other
parameters, to map the boundaries of acceptable energy supply.
The Capacity Build programme for RE-80%
Windmills and solar panels come in small units, so wind farms and solar power stations
can be built in 1-5 years according to size. Hydroelectric plants take 10-20 years to plan, approve and
build. The NREL model of the build of the total renewable system reflects this, with the bulk of the
Hydro build taking place between 2030 and 2045, and a massive build of solar power in the 2040s.
Figure 30:
The annual build
up of renewable
capacity is mostly
of wind power till
2035, followed by
a surge in solar
and hydro.

The major hybrid partners to level the wind output are coal and gas till the mid 30s, slowing the
emissions reductions. The NREL optimisation for 2050 did not ensure that the energy mix was optimal
before then.
The NREL RE-80% scenario is a fair description of the best we may expect in the USA. All the
missing factors can only make the cost, performance and feasibility less attractive.
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Final Observations
The friendly looking local windmills or rooftop solar panels are not what our society is
buying into with renewable energy. These are just the first step towards the vast DESERTEC or NREL
RE80% scenarios, their continental spread of high voltage networks, and centralised control of every
energy source and every user, and overriding authority over land use. This level of control is a major
political obstacle as every person, industry and state must yield sovereignty to this version of the
common cause.
Only the Olympic Games has achieved the dream of such agreement among 204 nations to play
by the rules, be fair and honest in competition, not be violent, treat every race, religion or state with
respect, and accept women as competitors in all sports. Energy supply is not a game.
The USA is thinly populated in the central states where wind and solar sources are at their best.
This is not true in densely populated Europe and these systems represent a huge assault on our
landscapes, seascapes, and natural environment. Planning regulations are becoming more dictatorial in
the EU to force the systems into place and the subsidies offered have produced excessive profits for
many players. Governments are providing extreme funds to establish these industries, whose
promotional spending then vastly exceeds the cash available for any balanced debate about the plan. It
is clear that wind farms are being built much faster in Europe than even the planning for the required
infrastructure and partner systems.
In a continent wide scheme there is no valid reason to place large numbers of low performance
onshore wind farms onto the countryside of the most densely populated country, England. Citizens have
a good case to collectively reject these projects.
Not all dollars are equal. The cost of a new energy system is for resources to make things and for
people to build things, things that everybody needs. These are ‘real’ dollars, not virtual dollars created
by legislation or loans to be repaid indefinitely to the financial industry. Companies who do things and
make things outperform the stock markets which live on margins from high volume trading. The real
dollars are harder to come by, but they create real lasting wealth. It is not sensible to build systems
regardless of cost.
The obsession with ‘market forces’ as a guiding principle of government policy continues to fail,
especially with artificial regulatory markets. The European Emissions Trading Scheme led to many
financial abuses and had no effect on emissions. The new 2012 UK electricity subsidies regime is not
designed as part of a real European market.
We expect the cost of electricity in 2050 will be at least double what it is today for the EU and
the USA. The renewable systems are too expensive for wide deployment in the rest of the world and so
the goal of controlling global warming is still highly doubtful.
You may view the NREL study as proof that an 80% renewables future is possible, that all the
defects of a 2012 study can be overcome by 2050, and that it should be pursued regardless of cost.
Others may see it as a promotion for an ever more complex and risky scheme, mixing 10-20 energy
technologies. The cost and impact on your life will certainly be very large.
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