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1   Summary  
Power plants using renewable energy sources such as wind, sunlight and water flow operate at zero 
marginal cost. As they operate under certain meteorological conditions, they are also often self-
correlated. Therefore, with increasing market penetration, they define the market price whenever 
the conditions are optimal for their production. The result is poor refinancing and thus the need for 
support schemes to incite investment. The problem increases with increasing amount of these ener-
gies. High CO2 prices will not be able to change this situation. 

This paper sums up results from recent investigations into the behavior of an artificial power market 
and outlines an idea for a new organization of the power market that might not be hampered by 
these effects.  

The general idea behind this approach is very similar to a toll for a bridge, whereby a fee is collected 
to refinance the infrastructure investment. A so called Refinancing Charge (RC) therefore shall be 
introduced into the market that is owed to a fund as entry charge to the market place that will be 
reimbursed according to specific rules . 

2   Introduction 
It is a very well known principal of economics that in a market with a large number of consumers 
and a large number of producers, the price will finally settle at the marginal cost of production, 
under the assumption that supply is abundant. 

The power market reflects this principal by the merit order rule which defines the price of electrical 
power: the actual price is set by the marginal cost of production of the most expensive power plant 
needed to satisfy demand. The marginal cost of renewable energies is zero per definition. Therefore, 
if electricity from renewable sources defines the price on the power market, the price will always be 
zero. 

It is also not to be neglected, that many type of power plants – especially wind and solar energy 
and to a certain extent hydraulic power, rely on metrological conditions. Given suitable conditions 
they will produce energy. If a large number of power plants of the same type (e.g. wind) are con-
nected to the grid, there will moments, when this production type is defining the market price. In 
these moments, the price will be zero. 

The consequences of these situations are already visible today: market prices fall. At the same time 
there is, in the absence of incentives, no driver towards new investments. However, these incen-
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tives are criticized to be subsidies even though they are in fact an upfront financing similar to the 
financing of road infrastructure.  

Scarcity however could increase the power price, so why invest now and not wait until plants are 
shut down? It is a consensus that our economies do have to rely on a steady and abundant supply of 
electrical power. It is therefore very likely, that real scarcity in power supply will not take place, as 
politics will interfere and stimulate investments of new plants, once scarcity is foreseeable.  

In addition to this, the fight against climate change is defining the transition rate towards a CO2 free 
power generation. Even though stranded investments should, when ever possible, be avoided, a 
transition rate, fast enough to meet the 2°C target, will inevitably lead to an excess in capacity. Thus 
the regime of the energy only market with its price building mechanism will lead to low prices and 
will not allow refinancing of any sorts of power plants. 

In order to better understand the phenomenon of low electricity prices, swisscleantech has set up a 
simplified market model, simulated the resulting power prices and subsequently the income of wind 
and solar energy plants while increasing the amount of power from windmills and solar power 
plants. The results support the hypothesis, that marginal costs of renewables are in fact responsible 
for falling prices. They also show that, with a rising amount of renewable energy in the market, 
support schemes will become increasingly important for all producers and the premium for each 
kWh produced, will get higher and higher. 

This is very likely to cause political discussions, querying increasing support schemes to be «subsi-
dies». 

These considerations sparked discussions on a new market model to overcome the shortfalls of the 
current merit order model. This paper highlights some results of the market simulation, discusses 
the results on a general level and explains a new approach for a market model. 

3   Model Description 
In order to study the development of electricity prices on the market, with an increasing amount of 
electricity from renewable sources, an artificial energy market was set up1. In order to be able to 
investigate the underlying principal behavior of the market, only five power sources were consid-
ered: 

•   Baseline production by coal fired power plant. However, to obtain the here presented re-
sults, capacity of coal fired power plants were set to 0 GW. Runs with the Capacity of 1 GW 
did not show a behavior that differs much from these results. 

•   Flexible production by Combined Cycle Power Plant (CCPP) 
•   Hydraulic Power (HP) – It was assumed that HP has a production characteristic similar to a 

baseline production. This helped setting the focus on understanding price dynamics with 
increasing solar and wind power. 

•   Solar Energy from photovoltaic devices (PV) 
•   Wind power (WP). 

In order to model the power production of wind and solar energy, a dataset of one year (in steps of 
15 min) was generated, each merging the metrological conditions of a large number of possible lo-

                                                   

1 For a detailed report we refer to.... 
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cations in Switzerland2. This allowed us to get a representative production potential for PV and Wind 
in Switzerland. According to this potential, a fixed ratio of ¾ Solar and ¼ Wind was set. As a result 
of this, there was only one running variable to investigate. However, one has to keep in mind that 
the Swiss power market is integrated into the European power market. Thus the European capacity 
of WP interferes with the Swiss market.  

Marginal costs of CCPP were set to 80 CHF/MWh and 160 CHF/MWh in the case of a CO2-tax. Marginal 
costs of renewable energies were set arbitrarily to 10 CHF/MWh.  

3.1   Model Results 
The graphs below demonstrate the behavior of this market. The left y-axis shows the average price 
for each PV, WP as well as the market price. The average price for each technology is calculated by 
the sum of all the earnings from the market during one year, divided by the total production (in-
cluding excess production).   

The y-axis on the right side shows the excess production that is not directly absorbed by the market.  

The x-axis gives a comparison between demand and the production potential of WP and PV. 

 

In a first run, the marginal cost of CCPP was set to 80 CHF/MWh. With low contribution of WP and PV, 
most of the time they operate under conditions, where CCPP define the price at their marginal price. 
As soon as the amount of PV and WP increases, the price starts to decrease. The reason for this is 
that 

•   More and more situations occur, where the price is set by WP and/or PV, hence the marginal 
cost of these technologies will define the price. Thus the market price will be 10 CHF/MWh 

•   The amount of surplus energy will increase too 

    

 

                                                   

2 Data supplied by SCS, Zurich. 
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Fig 1: Price development on the market with increasing amount of PV and wind power. The larger 
the amount of PV and wind power on the market, the smaller the earnings from selling on the mar-
ket. (No CO2 price applied)  

 

In a second run a CO2 Price equivalent to 200 CHF/to CO2 was applied. It is not surprising, that the 
average price at low penetration of WP and PV dramatically increased. However, the prices drop 
sharply soon after the amount of WP and PV is increased. Not surprisingly: Whenever situations ac-
crue, when WP and/or PV define the market place, prices drop to zero. 

 
Fig 1: Price development on the market with increasing amount of PV and wind power. The larger 
the amount of PV and wind power on the market, the smaller the earnings from selling on the mar-
ket is. Even at a CO2 price of 200 CHF/to CO2 will not change that behavior and secure large enough 
earnings from the market, to refinance the production plants. 

3.2   Conclusion of Simulation results 
Consistently in all runs, we could demonstrate that the average market price for electricity decreases 
with the increasing amounts of power plants using renewable energy sources. In this setting, more 
and more instances will occur, where solely electricity from renewable energy sources is on the mar-
ket. As marginal costs of these plants are minimal, the price will be minimal too. Thus even for the 
amount of energy readily absorbed by the market, there will be no compensation under the actual 
market order. A price in CO2 will not change this fact, because renewables do not emit CO2 and 
therefore marginal cost will stay a zero, when ever they define the market price. 

In addition to this, the results demonstrate, that storage will be of outmost importance. An all re-
newable energy system will not be possible without enough storage capacity available. A market 
that simulates storage is therefore of high importance. 

Beside this it shows that inherently, CCPP will never be profitable under such market conditions. This 
result is alarming, as they will be important for complementary production, when there is no re-
newable or stored electricity available. 

The same result can be found when investigating runs with coal fired power plants as base-load 
production. With increasing PV and WP, more instances will occur, where the production of coal 
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fired base-load plants is not needed. In these cases they will operate under conditions, where the 
market price will become negative, as they are unable to shut down fast enough. 

 

4   Discussion 

4.1   Problem description 
These results are rather surprising at least at a first glance. The following graph explains the problem 
in detail. 

 

  

Fig 3: Market behavior on a daily base. As soon as the production of plant B is larger than demand 
the price falls to zero even though consumers would be willing to pay a higher price (short term 
price elasticity is minimal). 

  

This simplified graph shows the behavior of a model situation where two types of producers with a 
large number of plants each are present. Producer (A) is able to produce at any time at marginal 
costs of X. Producer (B) has marginal costs of zero while only being able to produce under suitable 
meteorological conditions. If many producers of both types are present as well as abundant con-
sumers, we would have the following situation:  

•   As long as the production of B is smaller than the demand, the price will be at marginal cost 
of producer A.  
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•   At the very moment, when the production of B is larger than or equivalent to the demand, 
the prices will decrease to the marginal costs of B that are zero. This is remarkable, as the 
consumer is willing to pay for at least the costs of A, eventually even more. In this situation, 
there is a large amount of production with a ready demand and a willingness to pay but the 
price is - due to definition of the market - at zero. 

There is only one way to avoid this: it has to be assured at any time that at least one producer of 
type A is on the market. However, we have to keep in mind that this type A producer will not make 
any profits at all and will thus not be able to refinance his investment. In order to enable refinanc-
ing of the investment of plants A as well as plants B, an even more expensive producer than A needs 
to be on the market. This situation would be highly unstable and could probably only be solved by a 
monopole. 

Of course cheap storage might change the situation for plant B. The owner could of course decide to 
not sell to the market, when the price is too low, waiting for better prices to come. However two 
conditions need to apply:  

•   The marginal cost of plant A must be high enough to allow the refinancing of plants B in-
cluding cost of storage. 

•   The storage capacity needs to be big enough to successfully store enough of the excess pow-
er and guarantee, that the market is short. 

However, in a market with an all renewable power generation, power form storage will be priced at 
its marginal costs – as defined by the merit order market. As the operator of storage buys renewable 
power at marginal costs of zero - thus having a price of zero – the marginal costs of power from 
storage are at zero too. There will again be no incentive to invest. Therefore, governments will in-
terfere, providing incentives by some kind of a support scheme. 

There are also arguments stating, that a flexibility market3 might change the game. However one 
has to keep in mind, that a flexibility market helps producers of type B but not producers of type A, 
who only have flexibility in the from of peak-shaving to enhance net stability.  

However it seems rather unlikely that this flexibility market will pay a premium to producers B in 
order to shorten the supply, enabling plants A to define the price. Thus the price will stay at zero. 

Basically the merit order market is designed to optimize short term dispatch. However, this situation 
produces no incentives for long term investment. Therefore, it is worthwhile to think about alterna-
tives. 

4.2   An alternative Market Design 
As the power market essentially is a closed market, it is quite easy to define the rules under which 
the market works. Having identified that the large gap between marginal cost and full operating 
cost (including refinancing costs) is responsible for a situation, where timely reinvestment in power 
plants is not done, one could consider to construct a market with prices reflecting marginal costs as 
well as refinancing costs. However, it has to be assured, that this price will be respected by the 
market. Without applying appropriate rules, the market price will always end up at zero. 

 

                                                   

3 Flexibility market: A market, that pays for the ability to react, when production is too low or too 
high.    
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We therefore propose to apply the following rules to all technologies including both renewable as 
well as non-renewable sources: 

-‐‑   For each technology a refinancing charge (RC) is defined, reflecting the costs of refinancing 
-‐‑   Each participant pays this refinancing charge into a pool.  
-‐‑   He will get back this contribution in order to refinance his investment but only if the price 

on the market is higher than his full operating cost (marginal and refinancing charge) 
-‐‑   Therefore, a new merit order curve is established automatically reflecting the full operating 

cost. 
-‐‑   Upon entry into the market, the producer discloses the refinancing cost of his power plant. 

Full payback of the RC will take place up to a refinancing of 100%. 
-‐‑   From then on, payback of the RC is reduced to a predefined fraction. The remaining funds 

will be used otherwise. 

 

Fig 4: New market setup. Each producer bidding on the market pays a charge to a fund reflecting 
his amortization cost. If the price of the market is higher than marginal cost plus refinancing 
charge (RC), he will be refunded. If not, he will not be refunded. This will result in a loss and his 
withdrawal from the market. 

At a first glance, the necessity to stop the payback of RC once the price falls below the full produc-
tion price of the respective production plant, doesn’t seem to be obvious. However, if the payment 
is not restricted, it would be interesting for the producer to produce until the price falls down to the 
marginal cost. Hence, the behavior of the market would not change. If however the payback is 
asymmetric, the producer has a strong incentive to stop his production as soon as the price falls 
under the new artificially increased marginal cost. Production is therefore only incited if this par-
ticular production is needed. Thereby the market in itself will incite investors to build new power 
plants if they expect a respective demand. 
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Handling the Golden End  

However today, a large amount of already refinanced plants is still operational. If they are intro-
duced to the new market in the same way as new plants are, large, not justified, benefits would 
result for them. Thus refunding should be stopped once refinancing is done.  

Nevertheless, it is not possible to stop collecting the RC. If older, fully refinanced, plants wouldn’t 
have to pay the RC, they could produce at a lower price. This would lead to a distortion of the mar-
ket, with a comparative advantage for older power plants. 

To avoid for these older plants to become stranded investments, a possibility to integrate them into 
the market has to be found. Fully refinanced plants should get a fraction of the RC back as an incen-
tive to keep them in the market, while the rest will be used to pay for other cost of energy supply 
such as grid cost or storage etc. See graphical explanation of the refinancing below. 

 

  
Fig 5: Method of refinancing investment costs: The refinancing charge RC is fully refunded to the 
plant up to the point of full refinancing. After that only a fraction is refunded to the plant owner, 
until the plant goes out of service, allowing «golden end profits». 

Risk and Profit 

In a market like this, the plant owner has a certain amount of investment security. At the same time 
he has to carry risks and, if his calculation is correct, he might also be able to make additional prof-
its.  

He can earn money by keeping the plant on the market after full refinancing (see above). In addi-
tion to that profits will occur if he is able to produce in time when his own type of production is not 
the technology defining the price.  

This new market design however poses also a new risk to the producer: If he’s not producing ac-
cording to demand, there is no guarantee that he will be able to get back enough money for proper 
refinancing during the plants lifetime. The more renewable energy in the system, the more often 
one would find overproduction that will not be reimbursed – one would even ecounter situations, 
where the plant will not be able to deliver at all, as its production is to expensive. For example if 
wind had a RC of 90 €/MWh and Solar a RC of 120 €/MWh, solar would not be able to deliver if wind 
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can satisfy demand. As long as the plant is long enough in service, this will however not threaten 
the refinancing but only reduce his golden end profits.   

Profit expectation and the risk of loss will therefore automatically incite investors to build the best 
fitting plants in order to optimize profit and reduce risks. It is therefore a big advantage of this mar-
ket design, that it incites power plants advantageous to demand. 

Incentives to storage 

As soon as there is a certain amount of overproduction, a strong incentive for storage will be creat-
ed. As the price of storage capacities is still quite high, cheap energy is essential for successful oper-
ation of storage at large scale. As overflux production is not reimbursed by the new power market, 
producers are interested to earn money on a second market: a supplier market to storage device 
owners. As this storage device owner will be selling – on the bases of the same principle – in a 
market with a high energy price, market price on the parallel market supplying the storage devices 
will be low in the beginning but increasing. The prices might rise quite quickly as this market is not 
very liquid and there is no interest for politics to interfere with it. Prices will therefore be defined 
through the expected market price, the refinancing cost and the profit expectation of the storage 
operator. 

Introduction of new technologies and political offsetting 

The ability to coexist with support schemes, is an additional advantage of this new market. Once a 
technology has reached a certain level of maturity, it can be introduced into the market by defining 
a respective refinancing charge. The newer plants can be introduced into the new market model, 
with a small part of the surcharge still being reimbursed by the support scheme in order to guaran-
tee legal certainty. Old plants can stay in the support scheme. 

However, it has to be defined what to do, if a plant, financed by a support scheme, falls out of that 
support scheme due to ending of a contract. In this case it will be associated to a certain technology 
block4. As the support scheme however already covered the refinancing, these plants will be inte-
grated into the market as «old plants» getting refunded only a fraction of the refinancing charge. 
The rest of the refinancing charge goes to the fund.  

If there was a need, for political reasons or in order to increase grid stability, to comparatively make 
a certain technology cheaper, it would still be possible to pay a minor incentive to these producers 
without a large distortion of the market.   

With a similar mechanism, it is possible to adjust degeneration of plant prices in due course. There-
by the refinancing charge will be reduced, while the difference between initial refinancing charge 
and the new refinancing charge will be paid by a support scheme.  

Combination with CO2 price 

This new market model is also compatible to CO2 taxes or emission trading. A price on CO2 will auto-
matically increase the marginal cost of plants with CO2 emissions. With the installment of this new 
market, the CO2 taxes and therefore the internalization of external cost will have the intended effect 
on the market. The above demonstrated failure of the existing market will not occur anymore. So, 
although this new market order is not specifically designed to favor renewable energies, it lays 

                                                   

4 Eg. old PV pilot plants with prices of 2 Euro/KWh being paid of by support scheme to modern PV as 
plant in «golden age»   
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ground for the CO2-tax to be effective, following the rule, that one should not attempt to remedy all 
market failures by one remedy. It proves instead to be smarter, having several remedies where each 
of them is tailored properly to one specific market failure. 

Combination of power markets with different power plants and different refinancing charges 

At a first glance there is no reason as to why it should not be possible to combine several power 
markets each with different refinancing charges. There is one sole condition though: once a tech-
nology is believed to be mature, the RC-mechanism has to be established. Under the expectation, 
that the technology is readily available, the national RC reflects the production cost within each 
country. Combining two markets will equal out prices. As long as the neighboring country is not able 
to make one technology obsolete within both market places, the technology in the market place 
with the lower RC will have an advantage und thus will earn an additional profit. This will lead to 
an incentive to build more power plants there. However, if the RC of this country is to low, the in-
centive for investors will be lowered. In order to meet the RES directive, the RC would have to be 
increased, in order to increase the incentives. While inciting the construction of plants on a national 
level, this new market will also incite countries with unused potentials to build more plants. 

In our opinion, this situation is very much favorable to the status-quo, where power sold abroad 
leads to a loss for the producing country due to the cost of the support scheme.  

As a further step forward, it might be better to organize a united power market, where energy and 
grid capacity are coupled. 

Definition of the refinancing charge 

It is obvious, that it will be quite difficult to define the height of the RC. But as the duration of full 
refinancing is defined by the size of the original investment, it can be defined by an average cost 
structure refinanced during an average duration of payback. In order to synchronize different power 
markets, it might be reasonable to set that duration identically. 

Small plants with significant amount of self-consumption 

It is very obvious, that small plants with self-consumption will not be able to sell direct to the mar-
ket. Current legislation offers different mechanisms of support for these plants. In the current mar-
ket design, these plants, even though they do not interact directly with the power market, will in-
crease the above demonstrated problem of self-correlation (meteorological dependency of solar, 
wind and hydro), thus speeding up the downward spin of power prices. As a result of this, both 
large plants as well as small plants would loose their business model. 

Changing the market rules as suggested will significantly reduce this problem. Even with a large 
proportion of small PV-systems, the larger solar energy plants will be the ones defining the market 
price, when solar energy is the last technology needed to satisfy demand5. Thus small PV-systems do 
not interfere negatively with the electricity market. However, the increased price of electricity will 
reduce the amount of subsidies for small PV-systems.  

                                                   

5 Provided that solar energy is more expensive than wind energy 
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5   On the principal motivation 
Advocates of the current market design, argue that it optimizes the short term dispatch of power 
plants. It is very obvious, that the presented new market model is not optimizing short term dis-
patch. But under the current market model optimization of short term dispatch leads to a poor long 
term optimization of power plants to be built. Therefore, it is time to question the dogma of the 
priority of the optimization of short term dispatch.  

We do believe, that markets of products with zero marginal cost and high upfront financing cost 
need to be investigated properly and handled in a different and probably new way. For each of 
those markets different methods will have to be found. 

Some methods have already been found and are – very susscessful – in operation. For example, the 
refinancing dilemma of bridges is very similar to the problem we investigated above. Compared to a 
ferry, operating costs of a bridge are minimal. However, if the cost of crossing the river was admin-
istrated in a similar way as the power market, nobody would invest in a bridge. A bridge toll is solv-
ing that problem. 

As crossing the river by bridge is cheaper for the customer, even after applying a toll, not building 
the bridge would have a negative effect on customers as well as on the economy as a whole. 

The bridge toll is the only way to allow a suitable business model for bridges without intervention 
by the government. Without a toll the government has to take over responsibility for the construc-
tion of bridges (and streets in the same name) and the following problems occur from a market lib-
eral point of view: It is left to politicians to decide 

•   which infrastructure should be built or increased in capacity and 
•   how to pay for it. 

The financing issue is very often solved by applying fuel taxes. A more modern idea is the applica-
tion of mobility pricing. 

Both methods however are solutions to the difficult situation of how to optimally handle a zero 
marginal cost market. In fact: the as long as capacity is available, the production of an additional 
unit of «space for mobility» is for free and does not need to be compensated by the user. The result 
is congestion and poor compensation for the infrastructure cost.  Thus both methods function with 
respect to refinancing very similar to the here presented refinancing charge.6 

 

The situation of a river crossing is much simpler than the situation on the electricity market, where a 
large number of independent producers form a market place. In order to have the optimal power 
plants on the long run, we need to either reform the marketplace or go back to governmental deci-
sions on which investments should be made. As matter of fact, all support schemes, capacity pay-
ments etc. are nothing else than well hidden governmental interactions.  

 

However a combination of energy only market, flexibility markets, CO2 prices and – as missing link – 
the here presented refinancing charge might allow a market place, that optimizes the future power 

                                                   

6 It hast o be kept in mind, that mobility pricing should also serve to solve other problems such as 
environmental issues and demand side management. The analogy between is incomplete otherwise 
one might argue that the mobility pricing all in all is very similar tot he combination of refinancing 
charge, flexibility market, demand side management and CO2 charge.    
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production and eliminates all the currently identified problems that are government interference, 
poor environmental performance, eroding energy prices and poor refinancing of power plants.     

 

Thus even when taking into account, that the here presented idea is a greenfield approach, it might 
have the potential to give an urgently needed solution to the problem of zero marginal cost in the 
market place of electricity.  

 


