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1 EXECUTIVE SUMMARY AND INTRODUCTION  

1.1 TASKS COVERED 

 
The main tasks behind this report are investigation of tariff schemes for RES-energy storage 
and effect of adopting a favourable pricing framework for electricity produced from RES 
installations that are integrated with energy storage devices such as batteries, hydrogen, 
desalination units or pumped hydro. Task was conducted under WP3 of the STORIES project 
and report combines some findings of the project reported in D 2.1 Market applications for 
energy storage systems in islands, D2.2 Set of existing regulations and legislative framework 
related to RES implementation, D2.3 Report on Cost-benefit analysis and D3.2 Report on 
barriers assessment and recommendations to overcome them.  The report was prepared by the 
FSB-UZ with contributions from STORIES partners. 
 
As it was indentified in D2.2 coupling of RES with energy storage technologies, in the form of 
a so called hybrid system, comprises a relatively new approach to increase RES penetration 
particularly at small or isolated electrical systems (e.g. non interconnected islands). As a result, 
hybrid specific support schemes are either nonexistent or extremely limited in most member 
states. Currently only Greece has special support schemes for energy storage and hybrid power 
plants so there were no international experiences for similar schemes.    
 
Specific software developed by the NTUA is used for the evaluation of the various pumped 
hydro storage scenarios Deliverable D2.1 and results has been also checked by H2RES 
modelling tool. 
 
Results of Task 3.3 contribute to overall project goal which is significant increase in RES share 
in remote or outlying regions in general, with islands being the starting point. Financial 
schemes will give a boost to the respective market for RES in isolated or remote areas. Within 
STORIES project, Task 3.4, the proposal of a scheme for the market organisation of 
autonomous electricity systems should be developed and financial schemes make essential part 
of market. 

 
If adopted by national and regional governments and energy market operators developed 
financial schemes for storage systems may contribute to EU energy policy 20-20-20. In 2007 
the EU decided on a set of binding renewable energy targets for 2020: an overall 20 percent 
target. EU will strive to reach goals of its energy policy and energy storage could make great 
contribution to that if similar successful mechanisms will be used as they were used for 
promotion of RES. It will create competitive and fluid environment.   
 
After successful application on islands tariffs should be also applied in mainland power 
systems. Increased use of energy storage could optimize the existing assets in the market; these 
facilities (power plants, transmission lines, etc.) will make more money, and hence be worth 
more. 
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1.2 METHODOLOGY 

 
Model for financing renewable generation of electricity should be part of the Policy Support 
Mechanisms which at a minimum include measures for:  

• Access to the grid (interconnection), and  
• A price for the electricity produced that contributes to profitability or at least the 

prospect of profitability.  
Without these two elements policy cannot be successful. 

 
Revenues from tariffs, or from tariffs plus some other monetary support, must exceed the costs 
of generation by a sufficient margin for profitability, or development will not proceed, or will 
proceed at a tepid, insignificant pace. The degree to which revenues exceed generation costs 
determines the rate of deployment, everything else being equal [1].   
 
Even without energy storage system, generation from renewable energy sources by itself is 
capital-intensive and RES require long periods of time to return their investments and earn a 
profit. Consequently, the prerequisites for policies that support renewable energy development 
must include: 

• The political desire or demand for renewable sources of generation,  
• The willingness to pay for renewable generation, and 
• The stability of public policy to provide a return on investment.  

 
It is important that applied financial scheme include tariff differentiation by technology, project 
size, application, location or resource intensity. Another desirable characteristic of financial 
scheme is bonus payment if hybrid station is capable to deliver energy during peak hours.  
Tariff differentiation by application used not only to reflect the costs of generation but also to 
fulfil other societal objectives. For example, German tariffs are higher for solar panels on the 
roof than those on the ground to encourage people to put the panels on the roof of their homes, 
barns, and factories rather than taking up valuable land in the densely populated country [1]. 

 
Developed finical schemes have taken into account recommendations given by authors in [2]. 
According them any support mechanism must be: 

• Predictable, long-term, and consistent, with clear government intent. These 
characteristics are critical to providing certainty in the market, to drawing investors into 
the industry, and to providing enough lead-time to allow industries and markets to 
adjust to change.  

• Appropriate.  The right types of support are needed—policies must match objectives 
and might vary by resource potentials, location, technology type, and timing. It is also 
important that the level of support not be too high or too low.  

• Flexible. It is essential to design policies such that adjustments (fine-tuning, but not 
wholesale changes or elimination of policies) can be made on a regular, pre-determined 
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time schedule if circumstances change. Governments must be able to address existing 
barriers as they become apparent and new barriers as they arise. Policies also must be 
designed to allow developers/generators flexibility for meeting government mandates.  

• Credible and enforceable. If policies are not credible, or are not enforceable (or 
enforced), there will be little incentive to abide by them.  

• Clear and Simple. Policies must be easy to implement, understand, and comply with. 
Procedures of permission and administration, where necessary, must be as clear and 
simple as possible.  

• Transparent. Transparency is important for suppliers and consumers of energy and is 
necessary to avoid abuse. It facilitates enforcement, maximises confidence in policies, 
and helps ensure that mechanisms are open and fair.  

 
Special attention has been given to guarantee of origin (GO) for electricity stored to and 
delivered from storage systems. Legal basis for the implementation of the guarantee of origin is 
the Renewable Electricity Directive (2001/77/EC), which requires each EU Member State to 
implement a system of guarantees of origin for electricity produced from renewable energy 
sources. Article 5 of the Directive states that Member States shall, not later than 27 October 
2003, ensure that the origin of electricity produced from renewable sources can be guaranteed 
as such within the meaning of this Directive. In Europe there are 33 systems of guarantee of 
origin, i.e. 26 EU Member States having one system of guarantee of origin, 3 systems in 
Belgium (Flanders, Wallonia and Brussels) and the systems of Croatia, Norway, Switzerland 
and Iceland. Issuing Bodies for the GO are typically either the electricity regulator or 
Transmission System Operator (TSO). 
 
GO are ideally suited to act as proof of generation from a particular source for electricity 
disclosure and tracking.  The information included in a GO specifies the energy source, date 
and place of production, and in the case of hydro also the capacity of the plant.  
 
Authors in [3] points out benefits for use of GO with feed-in tariffs, quotas and other RES 
targets. Two of the main support instruments to promote RES-E – obligation schemes and 
feed-in tariff systems – require, to a certain extent, the tracking of electricity volumes. 
Obligation schemes generally are facilitated by a Tradable Renewable Energy Certificate 
system TREC, which is used in order to keep track of RES-E between the generators and the 
obliged party (generators, electricity suppliers, market operators or final customers). TRECs 
allow straightforward exchange between generators with surplus RES-E production and 
obliged parties with a shortfall. Feed-in systems, in which the supported RES-E volumes are 
distributed among market participants (as is the case in the German feed-in scheme), also need 
a mechanism to keep track of the respective volumes. Where a region or country has adopted a 
target for the expansion of RES-E, a tracking mechanism might be required in order to track 
progress towards the target, in particular where targets are consumption targets. Whereas 
production targets can be facilitated by simple accounting systems that determine the 
electricity generation of all production devices in the region, consumption targets require a 
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mechanism to keep track of all transfers into and out of the region as imports can be accounted 
for the consumption target. The same applies to where a company or a public body has 
committed to a target such as to increase the share of RES-E within its overall electricity 
consumption.  
 
Recommendations for application of GO are given by same authors [3]. 

• establish a central electronic registry; having only one issuing body would further 
reduce the potential for multiple counting and duplication of efforts. 

• have a standard size for GO, e.g. 1 MWh; 
• issue GO for all RES-E, including off-grid and auto production; 
• automatically issue GO, rather than on request, for all generation from RES-E; 
• interactions need to be identified and the systems need to be carefully designed in order 

to avoid any system shortfalls resulting from the interactions; 
• establish vintages equivalent to calendar years. 

 
Further recommendations can be made to reduce the risks of multiple counting from cross-
border trades: 

• develop effective interfaces between registries;  
• require registries to perform full tracking of GO transfers, including imports and 

exports; 
• standardise the treatment inclusion or exclusion of the ‘target attribute’ for each MS up 

to and including the year 2010 (2020) – ideally the target attribute would be included to 
not undermine the consumer credibility. 

• this would lead to the ‘target attribute’ to be counted in the country where the GO is 
used and redeemed. 

 
New EU directive on the promotion of the use of energy from renewable sources [4] prescribes 
several important issues that are directly or indirectly connected to financial schemes for 
promotion of RES and thus also storage systems.  

• Sets mandatory national targets for renewable energy shares, including 10% biofuels 
share, in 2020 (Articles 3 and 5)  

• Requires national action plans (Article 4) 
• Standardises “guarantees of origin” (certifying the renewable origin of electricity or 

heat) and enables the transfer of these to provide flexibility to Member States (Articles 
6, 7, 8, 9 and 10) 

• Requires reduction of administrative and regulatory barriers to the growth of renewable 
energy (Article 12), improvements in provision of information and training (Article 13) 
and improves renewables’ access to the electricity grid (Article 14) 
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2 EXISTING TARIFF SCHEMES AND OTHER SUPPORTIVE FINANC IAL 
MECHANISMS  

 
In order to stimulate the energy production from RES and to meet the targets set by Directive 
2001/77/EC a number of support systems has been developed and adopted by the EU member 
states. These schemes can be classified into five groups: feed-in tariffs, green certificates, 
tendering systems and tax and investment incentives [5].  
 

1. Feed-in tariff systems are characterized by a specific price normally set for a period of 
several years, which must be paid by electricity companies, usually distributors, to 
domestic producers of green electricity. The additional costs of these schemes are paid 
by suppliers of conventional energy forms in proportion to their sales volume and are 
passed through to the power consumers by a way of a premium on the kWh end-user 
price. A variant of the feed-in tariff scheme is the fixed premium mechanism. Under 
this system the government sets a fixed premium or an environmental bonus, paid 
above the normal spot electricity price to renewable electricity generators.  

2. Under the green certificate system RES-E is sold at conventional power-market 
prices. In order to finance the additional cost of producing green electricity and to 
ensure that the desired green electricity is generated, all consumers (or in some 
countries producers) are obliged to purchase a certain number of green certificates from 
RES-E producers according to a fixed percentage, or quota, of their electricity 
consumption/production. Penalty payments for non-compliance are transferred either to 
renewable research development and demonstration fund or to the general government 
budget. 

3. Under a pure tendering procedure the state places a series of tenders for the supply of 
RES-E which is then supplied on a contract basis at the price resulting from the tender. 
The additional costs generated by the purchase of RES-E are passed on the end 
consumer of electricity through a specific levy.  

4. Tax incentives are used as an additional policy tool. Tax incentives may be a tax credit 
or a cash payment or an exemption from tax obligations or low VAT.  

5. Investment incentives: A common investment subsidy is a grant for the installation of 
capacity.   

 
The big challenge for the renewable energy industry has been to make the cost of clean energy 
competitive with heavily-subsidised conventional energy. Householders or energy companies 
who wanted to install wind turbines or solar panels have been faced with lengthy pay-back 
times. They have been forced to make a choice based on ethics rather than economics.  The 
Feed-In Tariff (FIT) has proven to be the most effective policy instrument in overcoming these 
barriers. This simple, low-cost mechanism has turned several European countries into world 
leaders in the renewables sector [6]. 
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One difference between feed-in tariffs and other policy instruments is that feed-in tariffs can 
operate almost entirely as a standalone policy alternative, depending on a few social 
institutions for their effective growth. Feed-in tariffs are successful because when priced right 
they are a strong incentive and design the electricity market to prioritize increasing the 
proportion of renewable generators. They also incentivize the project builders and owners 
themselves, those who make the decisions to site and buy renewable generation technologies. 
Yet they also put pressure on plant developers to efficiently design, situate and maintain their 
generators as payment is contingent upon producing electricity. 
 

2.1 DESCRIPTION OF SCHEMES ACCORDING RES AND STORAGE 
TECHNOLOGIES 

 
Already applied in over 40 countries, states and provinces around the world, FITs have helped 
to accelerate the switch from fossil fuel energy to renewable energy. They have been a highly 
effective tool for boosting the viability, and hence value, of the renewables industry.  FITs 
have been empirically proven to generate the fastest, lowest-cost deployment of renewable 
energy, and with this as a priority for climate protection and security of energy supply, not to 
mention job creation and competitiveness, FITs are the best vehicle for delivering these 
benefits. 
 
In countries such as Germany and Spain the demand for renewable energy systems has risen 
dramatically and the installation costs are coming down fast.  FITs can be shaped according to 
a country’s RE resources, its electricity distribution system and its RE targets. There are many 
design options to help take account of these variables, including some which make the system 
more compatible with liberalised energy markets (but carry higher investment risk).Both 
Germany and Spain have had a great deal of success with feed in tariffs but actually implement 
them differently. Germany have fixed tariffs that are determined using the formula average 
project cost plus reasonable profit and a fixed reduction of the tariffs for each generation of 
generators to pressure the industry to become more efficient. The Spanish have added to this a 
market option that can allow generators to make more or less money than a fixed tariff 
depending on the momentary demand for electricity and therefore its market price. A FIT, 
rather than a PPA, creates more investment security and therefore lowers project cost.  
 
When proposing FIT the effects of inflation should be considered and financial scheme must 
include protection against negative effects of inflation. It is mandatory due to the strong 
sensitivity of wind projects to those factors (long term projects). According [8] constant 
required tariff calculated in 

 �� = � ∙ �(� − 1) + (1 − �) ∙ �(� − 1) ∙ (1 + �) (eq. 1.) 

Where f = part of tariff not protected from inflation (“f” for “fixed”); (1-f) = part of tariff 
protected from inflation; i = constant inflation rate anticipated for the n years to come and 
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annual drift v %/year of the power purchase of the tariff expressed in constant € of year (0): v 
(%/year)  = - f * i / (f * i) 
 

• Examples of protections levels: 
o France, wind: f = 0,4 = 40 % � 60 % of the tariff is protected  
o Ontario, wind: f = 0,8 = 80 % � 20 % of the tariff is protected  
o Germany, wind: f = 1 = 100 % � 0 % of the tariff is protected  
o Ireland, wind: f = 0 � 100 % of the tariff is protected  

 
• A tariff system must be designed without forgetting to take into account tariff 

protection against inflation 
o Either by protecting completely tariffs against inflation (formula with f = 0 %), 

which is  legitimate as wind power projects are participating to the fight against 
imported inflation 

o Either by defining a tariff system with no protection against inflation or an 
imperfect protection against inflation but by “correcting” by an increase the 
initial value of tariffs to compensate the effects of anticipated level of future 
inflation 

o The first option is legitimate, simpler, more reliable, more visible by investors 
and bankers, it gives lower initial tariffs values and within a project contract a 
constant tariff expressed in constant € of year (0) 

• If economic decision makers are reluctant to give a signal of “100 % protection against 
inflation”, a minimum protection level should be 80 to 90 % (fixed part f < to 10 to 20 
%) 
 

Currently Greece is only country supporting hybrid systems. In Greek Law 3468/2006 [7] 
Hybrid stations are defined in Article 2. Point 25.: 

25.  Hybrid station: Every power generation plant that: 

a) Uses at least one form of RES. 

   b) The total amount of electricity taken in from the Network on an annual basis does not 
exceed 30 percent of the total amount of energy consumed for the filling of the storage sy-
stem of that station. Energy which the station absorbs from the Network according to the 
preceding section is defined as the difference between the energy measured when it enters the 
station and the energy supplied directly to the Network from RES units of the hybrid stations. 
That difference is calculated on an hourly basis in the case of the islands not connected to the 
mainland’s interconnected System. If solar energy is utilized by using a technology other 
than that of the photovoltaics, conventional energy may also be used, not supplied to the 
Network, provided that the use of that energy is considered necessary for the exploitation of 
solar energy. On an annual basis, the conventional energy used shall not exceed 10 percent of 
the totally produced energy from the units utilizing solar energy. 
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   c) The maximum output of the units of the RES station should not exceed the installed 
capacity of the storage units of that station increased by 20 percent at the most. 

 
Figure 1 Island system with storage [9] 

 
Pricing principles in Greek tariff schemes 
 
Energy 

• Independent energy metering for wind farm, hydro turbines and pumps of the HPS 
• Wind energy sold at the standard wind energy tariffs (currently 87.42 €/MWh for non 

interconnected islands) 
• Hydro energy pricing based on the variable cost of peak units (units operating <30% of 

the year) of the island system. In Crete price for energy from hybrid station’s hydro 
units was 200 EUR/MWh in 2008.    

• Pump energy pricing based on the variable cost of base units (units operating >70% of 
the year) of the island system. In Crete was 94 EUR/MWh in 2008 and 115 EUR/MWh 
in 2007. RAE calculates prices every year. 

• Variable costs include fuel, O&M and emissions expenses 
• “Net metering” possible for wind farm and pumping energy 

 
Capacity 

• HPS remuneration based on the “guaranteed power” provided. 
• Pricing related to the avoided cost of new conventional power station. Includes yearly 

capital amortization expenses and fixed cost of the conventional station. 
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Existing Regulatory Framework operating fundamentals 
• HPS considered as the means to connect additional wind capacity, rather than increase 

the performance of existing wind farms  
• Pumped storage and HPS wind farm not necessarily at the same location. Each 

component is directly connected to the grid.  
• Energy generated by the HPS wind farm stored, rather than directly fed to the load 

(Operation of other wind farms not affected)  
• Stored energy recovered at peak load hours, via the HPS hydro turbines  
• Hydro turbines operate as dispatchable generation (with dispatch priority over 

conventional units), substituting expensive peak units. They also receive  provision of 
“guaranteed capacity” by the HPS (capacity credit)  

• To ensure provision of “guaranteed power” at low wind periods limited pumping is 
allowed, at low load hours. 

 
Proposed operating policy by authors in [9] according Greek Law 3468/2006 

• HPS submits daily turbine energy offer, based on reservoir level and wind power 
forecasting  

• Island System Operator (ISO) dispatches hydro turbines at peak load hours, to meet the 
total energy offer of the HPS producer  

• Turbines operate in the same mode as the conventional peak units substituted: 
Frequency, voltage regulation and spinning reserve (Turbines dispatched for rated 
power but possibly operated at reduced power and energy output, to absorb wind power 
from other WFs)  

• Guaranteed power and energy required only at high load periods (rather than on a daily 
basis) to cover conventional capacity deficits  

• Grid pumping allowed only to ensure availability of guaranteed power and energy  
• HPS submits daily energy declarations for grid pumping. Pumps dispatched by the ISO 

in the valley of the load curve (night hours Figure 2).  
 
Achieved targets of proposed operating policy 

• Dispatch priority is given to RES energy generated by the HPS units  
• Effective smoothing of the load curve (peak shaving and valley filling)  
• Effect on conventional generation minimized (e.g. start-stops, fast power ramps)  
• Grid pumping greatly reduced (only for guaranteed supply, whenever it is required by 

the ISO and wind energy is not available)  
• Proper correspondence between HPS energy pricing and avoided system operating cost. 

Same for capacity payment.  
• Integration of large HPS becomes feasible (size comparable to the minimum island load 

and more) 
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Figure 2 Storage used for peak shaving 

Main Conclusion given by authors in [9]  about hybrid system is that under the current pricing 
framework HPS constitute attractive investments, without penalizing excessively the 
generating cost of the system.  
Other conclusions:  

• HPS can provide firm capacity substituting expensive peak units  
• As long as the turbine and pump dispatch is performed by the Island System Operator 

(ISO), integration of large HPS possible in isolated island grids 
• Negligible effect on existing wind farms, provided that the hydro turbines operate in the 

same mode as the substituted conventional units  

 
 

Figure 3 Schematic description of Hybrid scheme From Greek law 

• EN<=0,30 (ESRES+ EN)  - energy taken from Network 
• ES=ηs∗ (ESRES+ EN) – energy produced by storage unit 
• ηs=efficiency of storage system 
• ERES – energy of RES unit directly fed to network 
• ESRES  - energy of RES used in storage (it could also be fed to network if RES and 

storage system are not physically at one palace) 
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3 PUMPED HYDRO   

 
Pumped hydro is the oldest and largest of all of the commercially available energy storage 
technologies, with facilities up to 1,000 MW.  Globally, in the World there are around 56 units 
with a total power of about 140 GW, corresponding to about 4 percent of the total installed 
power. It is the most widespread energy storage system in use on power networks. 
Conventional pumped hydro uses two water reservoirs on different altitudes.  Water is pumped 
from the lower reservoir to the upper reservoir during off-peak hours or when excess of RES is 
available. When required, the water flow is reversed to generate electricity. 
The open sea can also be used as the lower reservoir if a suitable upper reservoir can be built at 
close proximity and if it can be isolated to avoid pollution of soil by salt from the seawater. A 
30 MW seawater pumped hydro plant was first built in Yanbaru, Japan, in 1999.  
Pumped hydro is most practical at a large scale with discharge times ranging from several 
hours to a few days.  Their efficiency is in the 70% to 85% range. Innovations in variable-
speed motors have helped these plants operate at partial capacity and greatly reduced 
equipment vibrations. Pumped storage plants are characterized by long construction times and 
high capital expenditure.  
Pumped hydro storage has the limitation of needing to be a very large capacity to be cost-
effective, but can also be used as storage for a number of different generation sites. There are 
also examples of smaller plants (e.g. PHS Lepenica in Croatia, 1.4 MW of generating power 
and 1.25 MW of installed power in pumps). 
 

 
Figure 4 Planned PHS on the island El Hierro, Canary Islands, Spain (500.000 m3 upper 

reservoir and 200.000 m3 lower reservoir; 11.3 MW of generating power and 10 MW pumps 
power) 
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In lights of discussion presented in previous chapters and taking into account that pumped 
hydro is mature technology for energy storage, with known prices of equipment, installation 
and O&M costs  the most appropriate financial scheme are FIT for both cases of technology 
grouping, only energy storage system or hybrid systems (RES + storage unit). 
 

3.1 FEED-IN TARIFFS FOR PUMPED HYDRO STORAGE - PHS 

 
In this section FIT are described for pumped or reversible hydro power stations that are not 
installed as hybrid system which means that they are using only energy from grid for pumping. 
This kind of units should be supported only in systems with establish certifying of the 
renewable origin of electricity (“guarantees of origin”) in order to avoid use of power from 
conventional stations for pumping. As it is mentioned earlier FIT should be different according 
project size, application, location or resource intensity. 
 ���������

 represents FIT that is paid for electricity produced by PHS which amount is equal 
to  electricity used for pumping decreased for the total efficiency of the system. This means 
that electricity produced by PHS could also get amount of guarantees of origin for RES 
electricity decreased by system’s efficiency. Or illustrated by equation 

 ��	�� = 
��� ∙ ��� (eq. 2.) 

Where  ��	�� are guarantees of origin given to PHS electricity and ���  are guarantees of 
origin for wind electricity supplied from network.  
��� is total efficiency of PHS calculated 
by 

 
��� = 
� ∙ 
�   (eq. 3.) 

where 
� is efficiency of turbines and generators and  
� is efficiency of pumping.  η	
� is 
important factor and it must be determined from technical documentation of proposed PHS. In 
the case that η	
� is 70% and if guarantees of origin are standardized on 1 MWh, than for 1 
MWh of E
	���� or 1 PHS�
 will need 1.4285 MWh of E��
 or 1.4285W�
. Complex 
accounting of GO needs central registry which should be located at energy market system 
operator and supported by power system operators (TSOs or DSOs).  
 
In the case that PHS is using only electricity with ��� for pumping and turbine has load factor 
<=20%, FIT which will be paid for electricity with ��	�� should cover total costs of 
electricity production and it is calculated by formula: 

 ���������
= ����
��� ∙ � + ��
����������

�
���

+ ���
���
���

�
���

�
���	���

   (eq. 4.) 
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where ��
��� is total cost of investment in PHS, ��
��� is yearly operation and maintains 
costs of PHS, ������� is total delivered electricity to network by PHS.  ��
��� represents 
price of RES electricity which is used for pumping.   
 
The annuity factor R is defined as:  

 � =
�

1 − (1 + �)��
     (eq. 5.) 

where, i is the discount rate and Ν the payback period of the investment. Size of Hydro Power 
Plants and Pumped Hydro Storage plants could vary from few hundred kW to hundreds of MW 
and there is also big span in installation costs. Another characteristics of these plants is that 
they could been built by adaptation of existing structures (by adding pump station and pumping 
penstock to existing hydropower plants which already have both reservoirs or by adding upper 
or lower reservoir, penstock, reversible turbines or turbines and pumps to existing water 
reservoir as it is described in case studies of STORIES Deliverable 2.1. In the same deliverable 
total costs of WHPS and PHS are given by formulas in Table 1 and is described in [9].       
 
Proposers of FIT for PHS systems should take into account local particularities of possible 
development of PHS and according to that they should propose one or several levels of ������ . 

Table 1  Overview of the formulas and assumptions for the PHS and WHPS cost estimation. 

Equipment – Cost symbol Data/Formula for Cost Estimation (€) 

Wind Farms (CW) 1200 €/kW 

Pumps (CP) 

 ,   
Hydro-turbine (CT) 

 ,   
Reservoir (CR)  
Penstock (CPenstock)   

 
Grid connection (CGC) 4%*(CP+CT+CR+CPenstock) 

Control system (CCS) 1.6%*(CP+CT+CR+CPenstock) 

Transportation of equipment (CT) 2.4%*(CP+CT+CR+CPenstock) 

Personal (CP) 30%*(CP+CT+CR+CPenstock) 

Others (CO) 2%*(CP+CT+CR+CPenstock) 

Operation and Maintenance (OMC PHS ) 2%*(CP+CT+CR+CPenstock+CW) 
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If turbines of PHS system have capacity factor bigger than 20% which means that they are 
working more than 1750 full load hours then PHS system should receive one FIT until it fulfils 
quota of 1750 full load hours (or energy equivalent), another tariff between 1750 and 2750 full 
load hours, and third one when it works more than 2750 hours.  

Table 2 FIT according to capacity factor  

Working hours at full 
load 

FIT 

<1750 h FIT
	���

 

1750-2750 1.055 ∙  
�
����

�
�� 
  (eq. 6.) 

>2750 1.005 ∙  
�
����

�
�� 
  (eq. 7.) 

 
The Ios case study will be used as example to show how proposed formulas for FIT work.  

Table 3 Ios case study data 

Rated power of the turbine – MW 8.0 
Rated power of pumps – MW 6.5 
Capacity of the reservoir - m3 120000 
Installed power of WT – MW  18.3 
Additional installed power of WT - MW  13.5 
EPC��
 - €/MWh 87.42 
η	
�  0.696 
i 15% 
N – payback years 8 

 
Equipment cost ��
��� is calculated according Table 1 and it does not take into account cost 
of lower reservoir as it already exists.  Calculated ��
��� is 6.8 million € and OMC
	�is 
97.226 €.  

Table 4 Proposed ���������
 for PHS on Ios with existing lower reservoir and 20% turbine load 

factor 

Working hours at full 
load 

FIT
	���

 [€/MWh] 

<1750 h 240 

1750-2750 132.5 

>2750 126.2 
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This FIT
	���

 should be valid for PHS from 1 MW to 10 MW of installed turbines power for 

installations that already have installed lower reservoirs, bigger systems and different 
configurations for installations require additional calculations by using equations 1-6 and Table 
1. For example if for the system on the Ios island will be necessary to install lower reservoir 
with the same size as upper the FIT should be at least 263 €/MWh. When contracted 
FIT
	���


 should last for 12 years and contracting should be allowed for 5 years after FIT is 
inured, after this 5 years period revision of FIT is recommended. Including 100% of tariffs in 
protection from inflation is best way to ensure stability for investors. The amount of the FIT for 
electricity produced in plants using renewable energy sources during the validity of the 
contract for the purchase of electricity shall be adjusted annually for the retail price index in 
the way that the FIT for the previous calendar year is multiplied with the annual retail price 
index for the previous calendar year, that is 

 ������� = ��������� ∙ ��������� (eq. 8.) 

where FIT�
	� is the incentive price for the current calendar year. FIT�
	��� is the incentive 
price for the previous calendar year, for the first year it represents the amount of the tariff item  
FIT�
	� referred to in paragraph 1 of this Tariff System. IRP�
	���is the annual retail price 
index according to official data from the Central Bureau of Statistics for the previous calendar 
year. YPHS is the year index.   
 
In the case that there is inflow of water in the upper reservoir which enables load factor of 
turbine <=20%, FIT should be calculated according to formula: 

 ���������
=  ����
��� ∙ � + ��
�������
��

�
���

�
���	����	�������	���� 

   (eq. 9.) 

 ����
�� = ���� − ������� − ��������   (eq. 10.) 

 ������� = 
��� ∙ ���� (eq. 11.) 

 �������� = 
��� ∙ �����  (eq. 12.) 

 
Where ����
��  is electricity produced by turbinating extra inflow of water, �������is 
electricity produced by PHS with GO (by ���� - energy taken from grid with ��� is used for 
pumping) and �������� electricity produced by PHS without GO (by ����� - energy taken 
from grid without ��� is used for pumping). TIC�
� represents total investment costs for 
hydro power plant (turbines, generators, penstock and eventually upper reservor without 
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pumping part). The FIT
	���

 should cover only cost of PHS when it operates as hydro power 

plant which means that  TIC�
�  should be determined from the ratio 
��
����

��
�
. 

 
FIT for electricity produced by PHS if there are no guarantees of origin for electricity used for 
pumping. 

 ���������� =  0 (eq. 13.) 

Which means that ��������   could be sold according market prices. 
 
If TSO or DSO asked to pump and fill upper storage and if they cannot provide GO, PHS 
owner should receive compensation for this operation (it is most usually done according to 
rules for balancing energy and it is prescribed in network operation codes).  
 
Organisation of market for invoicing, payments, insuring GO and fees for FIT is showed on 
Figure 5. 

 

Figure 5 Invoicing, payments and GO flows for FIT.  
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3.2 FEED-IN TARIFFS FOR HYBRID WIND PUMPED HYDRO STORAG E - WHPS 

 
If the market operator is not possible to ensure GO of origin for electricity taken and delivered 
from storage unit then it is possible to make FIT tariffs according to Greek law [7]. 
In order to cover costs of electricity production following condition must be always applied 

 ���� ≥ ��
� (eq. 14.) 

The contribution of the WHPS, together with economical and reliability indexes, are used to 
describe the performance of the electrical system after the WHPS integration. The conventional 
units’ EPC EPCC, the Electrical system’s EPC EPCS and the turbine’s EPC EPCT are used to 
describe the economic impact of the WHPS to the electrical system. The most critical is the 
EPCS, when it is compared with the current cost, the resulting benefit -if any- from the WHPS 
integration is defined. The EPCT is important for the private investor, indicating a first 
estimation of the required price for the turbine’s electricity production which provides the 
feasibility of the investment. Finally, the modification of the EPCC due to the WHPS 
integration is critical for the ESO1 in order to accept this price.  
 
The electricity production cost of the turbine EPCT is defined under the assumption that the 
whole investment is considered as a mean to provide guaranteed electricity supply during peak 
demand, so the wind energy sold in a fixed price is considered as inflow:  

 

 
(eq. 15.) 

where TICWPS is the total investment cost, OMCWPS the Operation and Maintenance cost of the 
WHPS, CEC the cost of conventional energy used for pumping and BEW the benefit from the 
wind energy directly absorbed by the grid. If the market price is pm, then 

 
 (eq. 16.) 

and if the fixed price for wind power is pw, then  

 
 (eq. 17.) 

The electricity production cost of the conventional units EPCC is defined as:  

 
C

CC
C E

OMCRTIC
EPC

+⋅=  (eq. 18.) 

                                                
1 The autonomous islands are excluded from the market liberalization and the system operator remains the owner 
of the local power stations.  

T

WCWPSWPS
T E

-BECEOMCRTIC
EPC

++⋅
=

P:CmC EpCE ⋅=

AW,hWW EpBE →⋅=
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where TICC is the total investment cost of the essential conventional units, OMCC the 
Operation and Maintenance cost, and EC the conventional energy production. The OMCC has a 
fixed cost part, a variable cost part and the fuel cost. 

 
 (eq. 19.) 

The electricity production cost of the electrical system EPCS is calculated, assuming that the 
redundant units are uninstalled: 

 

 
(eq. 20.) 

where TIC includes the cumulative investment cost of all the power plants (essential 
conventional units, WHPS and wind farms outside the WHPS); the OMC includes the fixed 
cost, the variable cost and the fuel cost for the operation and maintenance of the system; and 
ETotal is the total electricity demand. The annuity factor R is defined in equation 4. 

 
More detailed financial analysis of hybrid system for Ios case study is given in [9]. Some of the 
results are showed in Table 5. 
The installation of WHPS contributes to decrease of total EPC of the system and yearly savings 
are in range of 2.2 mil € with significant amount of avoided emissions. As WHPS is using also 
electricity from conventional units for pumping, up to 6.3 GWh, which results in 1260t of 
emitted CO2 it is desirable to install registry of GO to enable WHPS treatment as RES power 
plant.   

Table 5 Cost estimation and financial evaluation results in power system of Paros – 
development of WHPS in Ios. 

Cost Estimation 1000 € Electricity production costs   

Wind farms inside the WPS 12000 EPC of the system before the WHPS (€/kWh) 0,190 

Pumping station 726 EPC of the system after the WHPS (€/kWh) 0,181 

Hydro turbine 1569 EPC of the hybrid system (€/kWh) 0,120 

Reservoirs 1509 EPC of the turbine (€/kWh) 0,127 

Penstocks 1055     

Grid connection 194 Cost of investment in €/kW of guaranteed power 2350 

Control system 78 Cost of investment in €/kW of cumulative installed capacity 850 

Transportation 117   €/kWh 

Personnel 1458 Price for the wind power absorbed by the grid 0,080 

Other costs 97 Price for grid electricity for pumping 0,120 

Total without the wind farm 6804 Price for the hydro turbine's electricity  0,18 

Total with the wind farm 18804 IRR 16% 

Operation & Maintenance cost 376 Payback period 7,32 

 
  

FuelCoststVariableCoFixedCostOMC ++=C

Total
S E

OMCRTIC
EPC

+⋅=
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4 HYDROGEN  

Typical hydrogen storage system includes a water electrolysis unit, a hydrogen storage tank 
and a fuel cell. Electrolytic hydrogen is produced when excess energy generated by renewable 
electricity-generating technologies is available. Hydrogen is then stored in gaseous form and 
can be used as a feedstock for the fuel cell in order to produce electricity when is needed. 
Additionally hydrogen can be used for transport purposes. In this case calculation of feed in 
tariffs could be more complicated as part of payback should return trough transport fuel prices 
and installation costs in electrolyser, hydrogen storage, control system and compressor should 
be divided between electricity and transport.  

 
FIT for hydrogen storage could be calculated similar to equation 

 ��������
= ����
�� ∙ � + ��
��������

�
���

+ ���
���
��

�
���

�
������

 (eq. 21.) 

where ��
��� is total cost of investment in PHS, ��
��� is yearly operation and maintains 
costs of PHS, ������� is total delivered electricity to network by PHS.  ��
��� represents 
price of RES electricity which is used for pumping. 
�� is total efficiency of PHS calculated by 

 
�� = 
��� ∙ 
� ∙ 
��    (eq. 22.) 

where 
��� is efficiency of electrolyser 
�  is efficiency of compressor and hydrogen storing 
and 
�� is efficiency of fuel cells.  η	� is important factor and it must be determined from 
technical documentation of proposed hydrogen system or assumed most typical values for η	�.  

Table 6 Milos case study equipment and O&M costs  

Equipment O&M Installation  
Fuel Cell -1 MW 4,418 €/year 1,500,000 € 

Electrolyser – 2MW 50,000 €/year 2,000,000 € 
Hydrogen storage tank – 4000 kg 4,000 €/year 1,600,000 € 

  
Other data 

EPC��
 - €/MWh 87.42 
E	���� -kWh  2,353,161 
η	�  0.3575 
i 15% 
N – payback years 8 

 
In this case FIT	���


 shoud be equal or bigger than 50 c€/kWh and should be paid until fuel 
cell reach full load capacity factor of 27%, after this load factor following equation should be 
used to determine feed in tariff:  
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FIT	���


= 1.02 ∙  
EPC��


η	� 
 (eq. 23.) 

Not taking into account other benefits like (fuel savings, avoid emissions, etc.) that are in 
detailed described in [11] additional fee that should be collected in Milos in order to cover 
FIT	���


 is 3 c€/kWh while if all benefits are taken into account total price of electricity 
could be lower by 0.1 c€ [11] which means that there is no need for extra fee. Report [11]  
gives detailed description of CBA analysis and subsides required for hydrogen storage 
technologies. 
 

5 DESALINATION  

 
The Desalination method that is examined for the purposes of the STORIES project is the 
Reverse Osmosis (RO). RO is well developed and has been in commercial use for three 
decades for desalting low salinity brackish water. Moreover, this methods provides significant 
flexibility in adding capacity and can be provided in various sizes of view kW consumption 
and a few litres of potable water per hour up to some decades of cubic meters and capacity of 
some hundreds of kW. The modular nature of this technology and its flexibility makes this 
technology an ideal candidate for studying in more detail the combination of RES and 
desalination systems. Moreover, on the island power systems to be studied, desalination plants 
using this technology have been or are being constructed now. 
 
Energy contribution to water production cost can range from about 30% to 50% depending on 
energy cost, process type and design. The energy input for RO desalination is a function of 
water salinity and plant design. For producing 1m3 of desalinated water, RO requires 
approximately 2.8-4.5 kWh of electric energy when energy recovery devices connected to the 
brine stream are used.  
 
Detailed description of desalination systems has been given in [10] and [11] so here only 
information regarding proposed FIT will be stated. From the analysis in [10] and [11] it is clear 
that the PV installation for Kozarica is much more profitable than the other PV to be installed 
on the rest desalination plants. A significant cause is the much higher price of remuneration 
according to Table 7 almost 0.2€/kWh. In order to give owners/investors an incentive assumed 
feed-in tariff for such a case is given by a simple formula like: 

 

 
(eq. 24.) 

In this case if b and c are two successive ranges of installation capacity according to Table 7. 
Cap is the installed capacity and b2 is the upper limit of capacity for applying the previous Feed 
in Tariff (FIT) scheme, then this linear regressions formula would give the new fixed FIT price 
for the PV owner. Thus, bigger the PV, lower the remuneration. 

Cap
FIT

Cap
FITFIT

bCapb
cb

)( 22 −
⋅+⋅=
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Table 7 Remuneration of RES in Croatia 

 Hotel Odissej and Sobra 

Wind power (€ct/kWh) 8.81 

10kW<PV (€ct/kWh) 46.81 

10kW<PV<30kW (€ct/kWh) 41.3 

PV>40kW (€ct/kWh) 28.91 

 
If eq. 22 is applied for Blato and Sobra the feed-in tariffs are 37.18 and 38.02 €ct/kWh 
respectively. The evaluation indices in such a case will be provided in Table 8. In this case the 
payback time for auto producers is much more reasonable and the IRR may not be very 
satisfactory but is much higher than the previous case. The only competent case from the ones 
in the sensitivity analysis and PV installation is the one of reducing the installation cost by 
more than 25%. 

Table 8 Changing Feed In Tariffs for Higher capacity installations. 

 NPV(€) IRR(%) Pay Back (yrs) 

Blato 

PV auto producer -196059.57  NaN 116(3.5%) 
PV-Independent -46539.291 4.11 28.30 
Sobra 
PV auto producer -141563.48  NaN 49(4%) 
PV-Independent -41515.752 4.14 28.08 

 
In the Milos Island case study four scenarios regarding desalination have been calculated. 

• Addition of one wind turbine -SCE 1 
• Addition of one wind turbine +desalination with independent scheduling-SCE 2 
• Addition of one wind turbine +desalination with co-operation in scheduling SCE 3 
• Addition of desalination plant only-SCE 4 

 
In this case study no additional FIT have been calculated. The revenues for the potential 
investor comes from the water sold to the Municipality of Milos at fixed price of 1.8€/m3. 
Moreover, the additional wind power sales will bring additional income of 84.6€/MWh to the 
investor. It should be noted, that even if there is no installation of a wind turbine, increase of 
the demand leads to reduction of the wind power curtailment, as explicitly described in [10], 
and thus to additional income to the owner of the wind park. Table 9 summarizes the expected 
income for each of the scenarios studied, taking also into account the money paid to the 
municipality, 3% of the annual income of the energy sold. Increase in cost of electricity due to 
water desalination in Milos is showed in Table 10. 
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Table 9 Expected income for the investor 

 Water income (€) Wind Income (€) Total Income (€) 

Scenario 1 0 132,193.68 132193.7 
Scenario 2 733,068 158,691.50 891759.5 
Scenario 3 731,845.8 176,474.33 908320.1 
Scenario 4 733,068 12,957.59 746025.6 

 
 

Table 10 Increase in cost of electricity due to water desalination  

  SC1 SC2 SC3 SC4 
Fuel Cost Increase -106637 146842 104453,3 273644,3 
Wind power Cost 136282,1 163599,5 181932,3 13358,34 
Desalination plant pays for 
Energy 0 -173411 -196707 -173411 
Cost to customers 29645,14 137030,6 89678,3 113591,7 
€/MWh 0,664314 3,070701 2,00959 2,545463 
€ct/kWh 0,066431 0,30707 0,200959 0,254546 

 
 

In Cyprus, the Cypriot Regulating system provides some subsidy for installations of RES co-
operating with Desalination plants. This subsidy ranges from 15-35 increasing as the size of the 
company decreases to smaller enterprises and cannot exceed 175.000€. The scenarios studied 
in [10] and [11] directly linked to RES production but can help in increasing it. Thus the 
assumed amount of subsidy is provided per scenario in Table 11 taking into account which 
scenario helps in better exploiting RES production. 
 

Table 11 Assumed subsidy per scenario. 

 Subsidy (%) 

Do nothing Scenario 0 
Scenario 2- 15 
Scenario 3- 0 
Scenario 4- 5 
Scenario 5- 10 

 
 
The income for the owners of the desalination plants come from selling the water at 1.1 €/m3 as 
Table 12 describes. 
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Table 12 Expected income for the investor 

 Water Selling Income (€) 

Scenario 2 9,739,400 
Scenario 3 8,565,333 
Scenario 4 8,368,800 
Scenario 5 8,374,666 

 
Due to extra energy needs for desalination systems wind power owners sell more wind power 
to the grid and have significant increase on their annual profits Table 13. 
 

Table 13 Expected benefits for the wind park owners due to increased sales 

 Additional wind 
power sales (MWh) 

Additional Income for Wind park owners (€) 

Scenario 2 9,883 621,625.1 
Scenario 3 2,459 152,229.6 
Scenario 4 2,670 165,505.4 
Scenario 5 4,721 295,229.2 

 
In order to give incentive to desalination plants owners to operate in a way that increases their 
sales, perhaps the wind park owners should provide some part of their profit to the desalination 
plant owners. On the other hand desalination owners could be subsidises trough water selling 
price which may act as feed in tariff for desalination plants. Water selling price affects 
significantly the payback period of the proposed operation as it is shown on Figure 6 and 
Figure 7. Prices between 0.8-1.3 €/m3 have been studied in [11] with step of 5 €ct/m3. No 
scenario can be paid back at prices lower than 0.85€/m3 unless additional subsidy is provided. 
Tariff for water of 1 €/m3 gives reasonable payback period and it should be used in order to 
promote desalination as tool for increasing wind penetration. Table 14 describes the water 
selling prices for each case. 

Table 14 Minimum Water selling prices. 

 Minimum Water Selling Price 
€/m3 

Water Selling Price for reasonable 
payback period €/m3 

Scenario 2 1.1 1.25 
Scenario 3 0.85 0.9 
Scenario 4 0.95 1 
Scenario 5 0.95 1 
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Figure 6 Impact of water selling price on NPV-Cyprus. 

 
Figure 7 Impact of water selling price on IRR -Cyprus 
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6 BATTERIES AND HYBRID WIND AND SOLAR SYSTEMS   

Hybrid PV-Storage system could provide peak shaving, load shifting, demand response, outage 
protection, and serve as base of micro grids. 
Solar Energy Grid Integration Systems (SEGIS) with energy storage (ES) in residential and 
small commercial (≤100 kW) applications could be divided: 

• Residential 
• Less than 10 kW, single-phase 
• Small Commercial 
• From 10 to 50 kW, typically three-phase 
• Commercial 
• From 50 to 100 kW, three-phase 

 
Integrating storage with SEGIS in these applications can facilitate increased penetration of 
distributed PV systems by providing increased value to both customers and utilities. Depending 
on the application, the systems can reduce customer utility bills, provide outage protection, and 
protect equipment on the load side from the negative effects of voltage fluctuations within the 
grid. With sufficient penetration, PV-Storage systems are expected to reduce emissions related 
to generation and will be critical to maintaining overall power quality and grid reliability as 
grid-tied distributed PV generation becomes more common.  
Although electrical energy storage is a well-established market, its use in PV systems is 
generally for stand-alone systems.  
The electrical energy storage industry is well established and offers a variety of products for 
vehicle, uninterruptable power supply (UPS), utility-scale, and other storage applications. The 
design and development of storage products specifically for PV applications, however, is 
almost nonexistent. Traditional PV-Storage systems have been used for off-grid applications 
that required some amount of autonomy at night and/or during cloudy weather.  

SEGIS-ES has purpose to make PV energy available when it is needed («dispatchable») 
independent from time of production. In Off grid applications the main principle is that Energy 
Storage designed to provide hours, days or weeks of autonomy and main challenges are PV has 
to become a reliable, sustainable alternative to grid electrification schemes in non-electrified 
areas. In On grid applications it should serve as local storage of excess PV energy until it is 
needed.  Challenges are performance, efficiency and cost of these systems. 
Feed in tariff for batteries and hybrid systems up to 100 kW can be calculated by simple 
formula and it should allow payback within 8 years with discount rate of 15%. 

 ������ = ����
��� ∙ � + ��
�������

�� (eq. 25.) 

If hybrid battery system is connected with distribution system operator with SCADA or similar 
control and if it is capable to deliver power in peak hours it should be extra awarded for this 
capability trough premium tariff.     
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7 GENERAL CONCLUSIONS AND RECOMMENDATIONS  

 
With economical development and increased consumption the price of fossil fuels is rising 
steadily while the price of renewables is coming down.  Could the cost curves meet? The view 
among many experts is that wind power would already be competitive in most places if 
conventional energy had not had the benefit of subsidies. In fact, if the costs of fossil fuels 
reflected the environmental damage they cause, they would actually be much more expensive.  
It may not be practical to exploit this in its entirety, but with a support scheme that is already a 
proven success, and the needs and opportunities there, the only thing lacking is the political 
will to switch to higher penetration of renewable energy sources.  
 
The combination of a Feed-In Tariff with other subsidy programmes and technical cost 
breakthroughs will generate increasing and sustained installation of RES and hybrid micro 
generation equipment in homes and businesses. Management, sales, advice and other technical 
support staff will be needed, and the large number of satellite system installers and servicing 
personnel will have a great opportunity to benefit from this new industry.  
 
Before scheme application it is important to Evaluate domestic conditions in terms of: 
renewable energy resources, political environment, economic environment, geographical 
conditions, and technological preconditions; determine the desirable and possible rates of 
increase in RE in terms of capacity and share in the energy mix; assess the state of the national 
electricity grid and the level of connection across the country.  
 
It is desirable to start with a comparatively simple regulation and improve it over time. 
Therefore, there should be a monitoring process within the regulation in order to check if the 
goals and targets are being met. Tariff rates should also be monitored and adjusted in order to 
control expansion rates and ensure correct payments for each technology as it matures. The FIT 
system means that the pay-back time for hydrogen or other hybrid system is no longer several 
decades but several years instead. The important thing is that each technology is supported if 
viable. Some innovative technologies which are still at the demonstration phase of 
development may require a different type of government support, such as tax incentives or soft 
loans.   
 
It is critical to ensure that the public is backing the uptake of renewables, so practice effective 
communication of the benefits and opportunities of RE.  
 
An effective scheme is one that: provides tariffs for all levels, from domestic to large-scale 
developments takes account of the level of development of each technology guarantees long 
term investment security is administratively simple is easy to explain in order to ensure public 
acceptance.    
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Monitoring of success of financial schemes and RES policies: 
• Number of operating installations of each technology 
• Amount of RES + storage capacity installed relative to applications for grid connection 
• Amount of renewable generation in kWh delivered 
• Proportion of RES + storage development owned by and for communities 
• Proportion of RES + storage development by homeowners 
• Location of development (islands, remote locations, mainland, urban, rural,  and so on) 

 
Furthermore it is expected that Regulator makes analysis of financial schemes and according to 
information received from utility companies (operating costs, base rate, amortization 
depreciation, investment, taxes and rate of return) gives proposal for new schemes every 4-5.   
 
Identifying comparable conditions in other countries where a finical mechanism for RES 
hybrid and storage systems (for example Greece) has already been implemented will be 
helpful. 
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