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✓ Decarbonization of human activities is the main and urgent challenge that we face today

✓ Therefore “Electrification” of final uses – particularly transport and climatization – along with increase
of energy efficiency is a clear trend

✓ Electricity is the easiest energy vector to be decarbonized, as renewable technologies are
currently cheaper than fossil fuel plants

✓ The large majority of new capacity to be added – as result of demand increase and/or 
decommissioning of conventional plants – will be Renewable

Common understanding and the big question mark

✓ BUT, non dispatchable renewables (PV / Wind) can’t meet the demand at any time.
They would require fossil backup and their deployment is clearly limited by curtailments 
and market rules 

Is there any solution envisaged to avoid 
the need of fossil backup?

Missing piece?
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Schools of thought 
regarding the missing piece for non dispatchable renewables 

Hey, come on! gas is not that bad, emissions are much lower than 
from coal. Lets wind and PV growing as much as they can. Gas will 
indefinitely help

Don’t worry for curtailments from wind or PV, lets them growth 
without limits. Batteries in the grid will be very cheap in the future 
and they will accommodate all surplus 

Planning a balanced fleet with dispatchable and non dispatchable 
renewables. Thus, the need of fossil backup will be reduced, 
curtailments will be lower and there will be no need for grid storage



Renewable resources are so abundant 
but technologies to generate electricity are so different 

Is the “agnostic” approach based on lowest price 
the best way to achieve decarbonization goals at 
a minimum price? …
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✓ Understanding the differences among technologies and the dispatch flexibility of some of them

✓ Requesting from REs what the electrical system needs - hourly and seasonally - at the minimum cost

“Blind” Least cost expansion models 
(typical agnostic approach) ended up with:
- Never ending fossil backup

and corresponding emissions
- High curtailments
- High hidden system overall costs

EXAMPLE: Report from “Expert Committee” in Spain.
They called “Energy Transition” to keeping the whole 
nuclear and gas combined cycle fleet by 2030 
without reaching the EU goals 

Common sense inductive approaches
provides:
- Achievement of decarbonization 

goals
- Higher renewable contribution
- Reduced curtailments

EXAMPLE:  Protermosolar transition report.
No nuclear plants and lower GCC backup power 
required by 2030, exceeding EU goals at lower 
system costs

Surely NOT. Smart planning is the right ANSWER
and dispatchable RE technologies with storage are the KEY
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❑Meeting the demand at any time is about 
programming the dispatch of generation units

❑ The goal of planning should be:
1. To achieve a carbon-free generation system
2. To ensure quality of supply and grid stability
3. At an affordable cost

Right
approach

Least Cost Expansion models do the other way around

What is the missing piece?

No possible energy transition in the electrical sector without STE/CSP plants

The “fundamentals” of electricity planning
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Some misperceptions regarding Grid Built in Storage
and a common sense advice

❑ Sound business plans must be based in “buying low and selling high”

❑ But, who will be willing to further invest in non dispatchable generation 
technologies, such as wind or PV, when surplus start to be relevant?  

❑ Simple ideas to profit from large volume of curtailments are: batteries in the grid, power to 
gas, etc. Life Cycle Assessments are usually not thoroughly carried out.  

❑ Consumer’s empowerment and proactive demand management are 
going to flatten the hourly price fluctuations. Therefore, is it sound to
expect significative valley/peak price differences in the future? 

❑ We know that aspirins can be bought in the pharmacy if we get a headache. 
But, shouldn't it be better to prevent having a headache? 

✓ Renewable dispatchable technologies like STE/CSP with storage, big hydro and biomass 
could deliver electricity when needed avoiding the fossil backup at a very large extent  
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✓ The two molten salt tank storage system - cold & hot -
are being commercially used since 2008 with proven 
reliability and performances. 

✓ The molten salt storage cost is nowadays in the range 
of 50$/kWhe for STE tower plants (As of today the 
battery pack + BoS are in the range of 500 $/kWh and 
charging losses and durability are still an issue)

✓ STE plants allows for smart hybridization with biomass 
or natural gas to provide firmness of supply with a high 
solar fraction

✓ STE plants can also provide storage services to the grid 
- at 40% efficiency - with the inexpensive “Power to 
Heat” concept

Thermal Storage built in STE plants represents – as of today –
10 times more than batteries in terms of installed electrical capacity.

It is the cheapest choice and it will likely remain in the future 

Solar Energy (PV + STE)
will supply the bulk of mankind’s electricity needs in the future 
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Protermosolar Electrical Sector Transition Report. Horizon 2030

Generation data of all 
technologies in previous years

Proposed fleet
in 2030 *

Demand forecast by 2030

How much backup 
is required?

What is the 
generation cost? 

* The fleet breakdown in another variable that can be modified to optimized the answer to each specific goal 

What is the 
emission level?

www.protermosolar.com

Another mix of electric generation is possible (and desirable) 

Alternative proposal to the Expert Commission report 

The Inductive Production Projection model
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Wind: Eq. h. = 2.241
Solar PV: Eq. h. = 1.874 

Cogeneration: Eq. h. = 3.800
Wastes: Eq. h. = 2.700

Priority of Dispatch & same
generation profile of the

reference period

Solar Thermal Electricity Plants: 
Eq. h. = 3.500

Priority of Dispatch & generation
profile compementing PV

Same disptach profile as in the
reference period

(this could be clearly improved)

Big Hydro. : Eq. h. = 1.370
Pumping generation: Eq. h. = 950

Priority of dispatch in case of still existing supply/demand
gap with the previous generation units

1. Biomass: Eq. h. = 5.400
2. Interconections

3. Gas Combined Cycles: 
Eq. h. = 600  (LAST CHOICE)

The true key point: The smart dispatch sequence

Dispatch sequence in the Protermosolar Transition Report 

321

4
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Comparison vs. the Expert Committee least cost expansion model  

2017 Mix Expert Committee base case Mix Protermosolar Mix

Electric power demand 268,5 TWh 296 TWh 296 TWh

Total installed power of the Mix 104,5 GW 147 GW 130 GW

Total Renewable Power 51 GW 106 GW 106 GW

Installed Power Wind 23 GW 31 GW 33 GW

Installed Photovoltaic Power (PV) 4,7 GW 47,15 GW 25 GW

Installed Power Solar Thermal 
Electricity (STE/CSP)

2,3 GW 2,3 GW 20 GW

Installed Power Other Renewable 0,75 GW 2,55 GW 5 GW 

Curtailments 4.600 GWh 830 GWh

Emissions 66.000 kton CO2 
* 12.593 kton CO2 4.991 kton CO2

Additional comments

Data from the REE 
report "The Spanish 

Electric System -
Progress 2017"

It maintains the nuclear and gas 
fleet and does not reach the EU's 

objectives.

Can this be called transition?

Without coal, without 
nuclear, with less gas support 

and fulfilling EU objectives

This is an Energy Transition

* REE takes into account emissions from Other Renewables and from Cogeneration. Both the CoE and Protermosolar do not take into account the emissions of these two sources

=

=
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Comments on the resulting gas backup

One of the conclusions of this report is that the 
maximum necessary gas combined cycle backup 
never went beyond 16 GW

It does not mean that we say that 16 GW is the 
necessary backup.

There are reasons to move the balance in either way 
but what is clear is that there are no reasons to 
maintain the whole current gas combined cycle fleet 
of 25 GW even in the case of decommissioning of 
the complete nuclear fleet.

Technical constraints – if these occur – would 
happen precisely when there were not many cycles 
in operation. Therefore it could happen that the 
amount of production from GCC could slightly 
increase over the year - but not much additional 
backup power would be required.

Reasons to increase the
resulting backup power

Reasons to decrease the
resulting backup power

Hydro power
management

Demand
management

Interuptible
contracts

Temporary
interconnections

unability

Technical
constrains

Security reserve
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Comparison of days with/without sun in autumn
Examples of actual days projected at 2030

• On a sunny autumn day, the solar thermal works until late into the following night, although the decrease of solar thermal generation 
coincides with the absence of the photovoltaic, which implies that the combined cycles are required to cover the demand from 5:00 
to 10:00 in the morning.

• On a autumn day with low solar resource, the biomass operates at nominal load all day, imports saturate throughout practically 24h 
and finally the combined cycles work to cover the demand; their contribution is higher when photovoltaic plants works at very low 
load does not contribute. Neither the wind nor the hydropower have been able to operate at high load due to the scarcity of 
resources.
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Cost estimations of renewables in the next decade
Average resulting total system cost: 48,8 c€/kWh

STE PV Wind Biomass

€/MWh
Added
Power
MW

€/MWh
Added
Power
MW

€/MWh
Added
Power
MW

€/MWh
Added
Power
MW

2021 75 500 40 2.700 45 514 95 200

2022 72 500 38 2.700 43 514 85 200

2023 70 500 37 2.700 42 514 75 200

2024 67 1.000 35 2.000 41 514 70 300

2025 63 1.500 32 1.500 40 514 65 400

2026 59 2.000 31 1.000 39 514 60 500

2027 54 2.925 30 701 39 514 55 536

2028 51 2.925 29 701 38 514 50 536

2029 48 2.925 28 701 37 514 50 536

2030 47 2.925 27 701 36 514 48 536
Average cost by

2025
67 37 42 75

Average cost
by2030

55 35 40 60
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What does it need to happen before 2030?
Different timing for different technology deployment
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2017 – 2020: Already awarded auctions (PV, Wind & Biomass) + PPAs
2020 – 2025: Linear increase for Wind, High penetration of PV, Small penetration of STE/CSP & Biomass
2025 – 2030: Variable RES capacity will be close to market limits. High penetration of STE/CSP & Biomass
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Did we target it right?

Final reflections

This is true, BUT …
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… It doesn’t sell

❑ PV plants will always offer lower costs while the sun is shining but they will always require backup 
after sunset. Thus, the key question is: which technology will be able to offer lower prices from 
sunset till sunrise next day?
We have to compare apples to apples on how to fulfill the system needs. Not PV or Wind + 3 or 6 hour
batteries versus STE plants, but systems that first store and then dispatch from around 5 pm till 8 am

✓ This is the great opportunity for the deployment of STE plants at a large scale. Responding to the
“duck curve” and delivering firm and synchronous power at evening and night will be enough – in terms of capacity 
factor – to favorable compete against gas combined cycles and coal plants as well

X

The vision

❑ Policy makers and planners are currently concerned not 
so much for decarbonization speed but for adding 
capacity at the lower cost. Electrical systems have still 
enough backup, thus they are not much worried about 
dispatchability. Planning of new capacity is being driven 
by the tyranny of blind “least cost expansion models”

Planners won’t have a better choice in Sunbelt countries. A balanced mix between PV & STE - along 
with other renewables - is the way to decarbonize the electrical system at an unbeatable price   
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Key of “sol”

Sol is the key

Thank you for your attention

luiscrespo@protermosolar.com
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