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Abstract
Energy storages are seen as a strategic tool managing variability and capacity in the
modern smart grid. The evolution of the Smart Grid will depend on cost effective energy
storage, particularly in the early stages while other distribution and demand management
solutions are being developed, adopted and implemented. Smart Grid energy storage
applications can be divided into three functional classes: generation, transmission and
distribution and end-user. The main large electrical energy storage technologies in Smart
Grid applications are: pumped hydro energy storage, compressed air energy storage,
hydrogen energy storage, battery energy storage and molten salt energy storage
technologies. Also small-scale technologies such as advanced batteries, ultracapacitors,
and high-efficiency flywheels can give benefits in wide variety of utility and prosumer
applications
According to the calculations of this study and the calculations presented in earlier study
in the report D 3.5.1 the economic benefits for the use of electrical energy storages in
Finland cannot be found. Transmission cost, electricity taxes and VAT are remarkable
high compared to the any savings or income of the use of electrical energy storages.
Except economic benefits of the use of energy storages would give non-economic
benefits like the increase of system performance, green values, reliability or security but
the value of the non-economic benefits is very difficult to estimate. Energy storages have
benefits when used e.g. in small-scale solar systems to increase the use of renewable
energy and decrease emission compared to the traditional non-renewable energy
production. High penetration level of solar systems and load shifting with energy storages
could eliminate the need of coal plant or CHP use for summer time electric energy
production. However, that is not calculated in this study. Decrease of taxes and
transmission cost for smaller domestic grid-connected energy production and sufficient
subsidies for small-scale renewable energy production and energy storages would make
also grid-connected storage systems as an economic option.
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2

Introduction and goal

Availability of electricity has become a high import issue in our everyday life and this
has increased the demand of a high reliable electricity grid. Climate change and global
warming are major drivers to decrease carbon emissions e.g. in power production and
transport. Future higher penetration of distributed power production e.g. renewable power
can impact on power system stability. Smart grid efforts are established as an answer for
these performance requirements. Higher system performance needs (especially with
Smart Grids) will make also energy storages as an essential part of power productions
systems.
Energy storages are seen as a strategic tool managing variability and capacity in the
modern smart grid. The evolution of the Smart Grid will depend on cost effective energy
storage, particularly in the early stages while other distribution and demand management
solutions are being developed, adopted and implemented. Smart Grid energy storage
applications can be divided into three functional classes: generation, transmission and
distribution and end-user. The main large electrical energy storage technologies in Smart
Grid applications are: pumped hydro energy storage, compressed air energy storage,
hydrogen energy storage, battery energy storage and molten salt energy storage
technologies. Also small-scale technologies such as advanced batteries, ultracapacitors,
and high-efficiency flywheels can give benefits in wide variety of utility and prosumer
applications.
The goal of this study is examine technical and economic benefits of the use of energy
storages in Smart grid applications. The aim of task is to have deep knowledge of technoeconomic development of different energy storage technologies and their roles and ability
to respond to demand in different areas of the grid in the economical and technical
management.
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3
3.1

Energy storage types in smart grid applications
Electrical energy storages

Electrical energy storage technologies are presented widely in earlier deliverables (D3.5.1
and D5.3.2) of the project. In this deliverable it is presented only some highlights of the
ES technology.
The storage market is still in a very nascent stage, with no clear technology leader.
However, a variety of battery technologies hold promise for supporting Smart Grid needs
Grid applications for these technologies can be loosely divided into power applications
and energy management applications, which are differentiated based on storage discharge
duration. Storage technologies for grid applications include electrochemical capacitors,
high-speed flywheels, traditional and advanced lead-acid (LA) batteries, hightemperature sodium batteries (e.g., sodium-sulfur (NaS) and sodium-nickel-chloride),
lithium-ion batteries, flow batteries (e.g., vanadium redox (VRB) and zinc bromine
(ZnBr)), compressed-air energy storage (CAES) and pumped hydro (PH).
Superconductive magnetic energy storages (SMES) are still under development as well as
other advanced battery chemistries, such as metal-air, nitrogen-air, sodium-bromine, and
sodium-ion. New storage types include Isothermal Compressed Air energy Storage, a Naion battery and FrCr flow battery. Thermoelectric storages are new developing areas of
thermodynamic storage technology.
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Figure 3-1 Energy storage technology landscape.

Available storage technologies provide solutions for different Smart Grid applications
according to the power and energy needs (Figure 3-2).
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Figure 3-2. Different types of ES cover the needs of the SG application services. [Figure is modified
from ENER1]

In the Table 3-1 it is presented a comparison of the electrical energy storage technologies.
Table 3-1. Comparison of the strengths and weaknesses of electrical energy storage technologies.
Storage type

Strengths

Weaknesses

Size

Supercapacitors

Fast, efficient

Low energy density
Self discharge

Wh
W-x00W

Flywheels

Fast, efficient

Low energy density
Self discharge

kWh
10 ms – tens
kW – x00 kW min

Rechargeable
lithium batteries

High energy- and power
density (120-160 Wh/kg)
Light
No memory effect
Low self discharge (5%/m)
Long cyclic life (3000-5000)
Long service life
Lithium oxides and salts can
be recycled
Widely used
Cost efficient
Low selfdischarge (2-3%/m)
Small service cost (closed LA)
Rechargeability (90%)
New tech. Lead-carbon.

Needs heat control
High investment cost
Needs battery cell balancing
and protection

kWh – 1MW Min - h

Lead acid

Storage
time
10 ms – 1
min

Low energy density (25-50 kWh – MWh Min - h
Wh/kg)
kW ->10 MW
Environmental hazard (Lb)
Narrow temperature area
Low efficiency (75-85%)
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Table 3-1 continues
Zn-Br flow
batteries

Vanadium Redox
flow batteries

NaS

NaNiCl

CAES

PHES

3.1.1

High energy density (75-85
Wh/kg)
Cyclic life (>2000 cycles)
Fast response time

Low efficiency (70-75%)
No small systems
Cost
Complex construction
Few manufacturers
Cyclic life (>10000 cycles)
Low energy density (25-35
Fast response time
Wh/kg)
Small service cost
Low efficiency (65-75%)
No self-discharge
Cost
Complex construction
Few manufacturers
High efficiency (89-92%)
High work temp. (300High cyclic life (~2500 cycles) 350°C)
High energy density (150-200 Few manufacturers (NGK
Wh/kg)
Insulators, GE Energy plans
No memory effect
to start production in 2011)
No selfdischarge
(Low capital cost)
Suitable for MW size systems
High energy and power
High work temp. 270-350°C
density (120 Wh/kg, >150
Cyclic life 1500-3000 cycles
W/kg)
Few manufacturers (MESHigh efficiency (> 85%)
DEA)
Environmentally friendly and
100% recycleable
High energy
Low efficiency (<70%)
Cost efficient in large size
Technically complex
systems
Safety issues (pressure tank)
Environment friendly
Large size systems
Most installed high energy
Geographical limits for
system
placement
Cost efficient in large size
High capital cost compared to
systems
CAES
Fast response time
Low energy density
Long lifetime

kWh – MWh Min - h
kW ->10 MW

kWh – MWh Min - h
kW ->10 MW

MWh
Min - h
kW ->10 MW

kWh
kW

Min - h

MWh – GWh h – d.
100 MW ->

MWh – GWh h- m -y
100 MW ->

Current situation of energy storage installations

Pumped hydro systems cover over 99% of the current installed electrical storage power
(Figure 3-3). Most installed battery systems are sodium sulfur (NaS) batteries with 316
MW while other battery systems are still far behind that although there are megawatt
scale lithium ion battery system installations ongoing e.g. in USA (Figure 3-4). In Hawaii
Island there are also several battery projects together 29 MW/32.5 MWh mainly for wind
smoothing.
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Figure 3-3. Worldwide Installed Storage Capacity for Electrical Energy. [9]
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Figure 3-4. An example of the current energy storage projects in USA (Funded by American Recovery
and Reinvestment Act). [9]

3.2

New energy storage role in electricity grid

3.2.1

Energy storage -natural gas grid combination

In some countries like in Germany natural gas grid has a remarkable role in electricity
distribution security with various natural gas power stations and also various CHP
devices even in single house level heat and power production. Photovoltaic and wind
energy surplus, instead of for producing electricity and causing negative electricity price,
has been used in the electrolysis to produce H2 that is by methanization converted into
natural gas and then transported into natural gas grid.
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Figure 3-5. Energy storage by methane production and storage. [6]

3.2.2

Thermoelectric storage systems

Thermoelectric energy storage system (TEES) that combines heat and electricity are new
way to store electricity. Thermoelectric storages cover wide range of power area from
small electronic components, Peltier elements up to MW scale energy production storage
systems. In the following picture (Figure 3-6) it is presented MW-scale thermoelectric
storage method patented by ABB. Large TEES concept uses a transcritical CO2 cycle
operated in heat pump mode for charging and, in reverse, in heat engine mode for
discharging of the storage. Water is used as the hot thermal storage material, and ice
production/melting forms the cold end for the site-independent system. CO2 as the
working fluid and water as the storage material are both low-cost, safe, environmentally
benign fluids with excellent thermal properties. Development roadmap is presented in
Table 3-2.
Table 3-2. Roadmap of further ABB TEES development.
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Figure 3-6. MW-size thermoelectric energy storage. [Source: ABB]

D 5.3.4: Economic and technical benefits of incorporating an ESS into distribution
network
16 (68)

4

Grid connected storage -systems, requirements
and services

Grid-connected energy storages are one of the smart grid key issues. Energy storages can
be located in different voltage levels of smart grid (Figure 4-1). Each location imposes
typical storage size level and also means different customer types.

Figure 4-1. Possible location for grid-connected energy storages. Source: Sandia

4.1

Grid services

Energy storages connected to the system make power available more continuously
(depends on the size of storage) and can provide services for different smart grid
participants. Large over 10 MW systems can provide services for transmission grid
operators (TSO). Smaller systems connected to distribution grid could provide services
for distribution system operator (DSO), private system operators (PSO) and third parties
(TP) such as energy market participants.
Possible grid services:
Power quality control:
• Power quality improvement (TSO, DSO),
• Reactive power control (TSO, PSO),
• Balancing services e.g. frequency control (TSO, TP)
Distribution reliability:
• Voltage control (TSO, DSO),
• Reduction grid losses (DSO),
• Reduction capacity utilization (DSO)
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• Black start (DSO),
• Islanding (DSO),
• Uninterruptible power supply (PSO)
Energy management:
• Local energy management (PSO)
• Energy for energy market actions (TP)
Backup energy (PSO)
Most of these services can be provided with most of grid assets (Table 4-1) but energy
storages can be a relevant choice for many of them especially if storage prices will
decrease in future.

Table 4-1. An example of some grid services and resources for providing services (orange cell indicate
that the resource can meet the need).[11]

Basically can be find three value chain groups: Generation and System-level applications,
T&D system applications and end-user (consumer/prosumer) applications. In the
following table (Table 4-2) it is defined 10 key energy storage applications by EPRI.
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Table 4-2. The 10 key energy storage applications on the basis of EPRI’s analysis. [9]

4.2

An example of the services: balancing services e.g.
frequency control

The actual demand variations consist of the superposition of short-term and long-term
variations, which depend on each user’s situation. There are several means to manage
system imbalance in addition to energy storages like investment in transmission, demand
response, legacy electricity generation. In the following table it is presented means to
manage system imbalance [11].
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Table 4-3. Means to manage system imbalance. [11]

Without a balance of demand and supply, frequency is not stable. Middle load power
plants have a control system to minimize the frequency change. To balance the load
between supply and demand, hydro and thermal power plants modify their output through
governor-free (GF) controls for short-cycle demand variations. A load frequency control
(LFC) system is used for an intermediate cycle and an economic load dispatching control
(EDC) system controls the balance for a long cycle. In the following picture (Figure 4-2)
it is presented the basis of the frequency control techniques. [8]
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Figure 4-2. Different frequency control techniques. [8]

For a low share renewables the existing capacity of frequency regulation of the legacy
electricity production systems is adequate. For large share of renewables (such as wind
and solar) also other capacity is needed e.g. energy storage based support.
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Figure 4-3. Adjustable load rates of traditional power plants. [8]

4.3

Recommendations, standards

4.3.1

Recommendations and standards

Several recommendations and standards have been defined for the grid-connected power
production. These regulations and grid codes include standards (IEEE1547, IEC62116,
UL 1471, VDE-0126-1-1, Spanish grid code O.P.12.2, future ENTSO-E etc.) for voltage
quality, power quality, anti-islanding (IEC62116, IEEE1547) and response to other
abnormal grid conditions. Large grid-connected PV-power plants are in-line with wind
power plants connected to either distribution or transmission levels.

4.4

Requirements for energy storages

Requirements for energy storages are application based. In the following table (Table
4-4) defined by EPRI it is summarized requirements for energy storage based on different
applications.
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Table 4-4. General energy storage application requirements. [9]

It can given also rough energy storage sizing requirements based on load and service
(Table 4-5).
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Table 4-5. Rough energy storage sizing requirements for grid services.

Service
Power quality control
Distribution reliability
Energy management

Energy storage power
0.01 x Pload
1 * Pload
0.1 x Pload

Storage time
0-1 s
1 s – 15 min
15 min – 24 h
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5

Energy Storage Cost and Benefits

Energy storage economics have been handled in the earlier project deliverables 3.5.1 and
3.5.2. In this deliverable it is presented some new and updated information available
today.

5.1

Cost elements

Energy storage cost is clearly place and case depending. Only few energy storage types
(capacitors and lead and nickel-metal batteries) are on-self products. The purchase prices
of other ES varies a lot and other cost like installation and maintenance cost varies by
country and even by installation place especially with large ES such as pumped hydro
and compressed air storages.
Life cycle cost includes several sub-costs
1) Storage cost
2) Control and grid interface power electronics cost
3) Installation cost
4) Infrastructure cost
5) Design cost
6) Permission cost
7) Maintenance cost
8) Cost of use (e.g. electricity price, transmission cost, taxes, and round-trip
efficiency depending)
9) Renovation cost
10) Recycling cost
Basically the capital cost of battery energy storage consists of three components: total
cost of storage units, total cost of power electronics and other cost called balance-of-plant
cost. The replacement cost can be a large part of annual cost if the cyclic life of the
battery is short and the needed cyclic amount is high. In the following picture (Figure
5-1) it is presented the typical annual cost structure of lead acid battery installation for 25
years period. The cost of first battery system is about 26% of the total annual cost and
replacement cost of 48% covers 4 renovations.
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Figure 5-1. Approximated cost structure of a lead acid battery installation (25 years).

In the following picture (Figure 5-2) it is presented a cost structure of NAS battery
system installation (for 25 years, 1 replacement). The cost of the first battery is around
44% of the total annual cost. Power control system (including an inverter) and the grid
connection cost are 20% o f the total investment cost. The maintenance cost would be
around 71 €/MW in Finland.

Figure 5-2. Approximated cost structure of NAS battery system installation (25 years).

In the following picture (Figure 5-3) it is presented a cost structure of one type Lithiumion battery system installation (for 25 years, 3 replacements). The cost of the first battery
is around 37% of the total annual cost. Power control system (including an inverter) and
the grid connection cost are 10% o f the total investment cost.
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Figure 5-3. Approximated cost structure of Lithium-ion battery installation (25 years)

5.2

Available cost information

There are not common understand of the storage cost and the available information varies
a lot according to country and an expert. In the following table (Table 5-1) and picture
(Figure 5-4) it is presented available energy storage cost information
variation.[12][13][14][15]
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Table 5-1. Energy storage prices according to the available information in literature. [12][13][14][15]

Figure 5-4. Energy storage prices. [Source: Sandia Es-Select tool, 2012]
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For some battery types like lithium-ion and NaS batteries can be seen high-power types
and high-energy types. In the following table (Table 5-2) its compared features and
prices of high energy (typically lithium cobalt) and high power (LiFePO4, lithiumtitanate) lithium-ion batteries. From the informed values it can be seen that batteries
should be chosen according to the specific features and needs of the target solution and
the cost of the system can vary case by case.
Table 5-2. Comparison of high energy and high power lithium-ion battery features and prices. [Source:
Sandia Es-Select tool]
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5.3

Cost calculations

5.3.1

Method to calculate average cost of service

To define cost of ES based services it is needed information of application based demand
features and value as well as energy storage nominal features and values. In the following
picture it is defined a method to calculate average cost –of-service by E. Hittinger et al.
[10]

Figure 5-5. Method to calculate average cost-of-service. [10]

5.3.2

Cost calculations

The comparison of investment can be performed using Net Present Value method, where
profits and cost are transferred to present. Present value (PV) can be calculated:
PV = ∑t =1
T

St
JAT
+
− HH
t
(1 + p )
(1 + p ) T

(6.1)

where St is the value of the individual payment in year t, p is the interest rate, JAT
residual value in the end of time T and HH is a purchase price.
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Annual energy production (AEP) of the storage:
AEP = P * n * H 0 * D
(6.2)
where P is nominal power (kW), n is an amount of charge-discharge cycle per day, H is
the amount of discharge cycles and D is the amount of active days per the year.
Yearly fixed operation and maintenance cost (OMC) are

OMC = OMf * P ,
where OMF is fixed operation and maintenance cost /kW.

(6.3)

The total cost of the plant includes three parts: Cost of power electronics (PCS), storage
(SUC) and plant operation (BOP).
Total cost is
TCC =

SUCU * P * H 0
+ PCS + BOPU * P ,
eff

(6.4)

where SUCU storage cost (/kWh) and eff is system efficiency.
eff =

energy _(kWh)(disch arg e)
energy _(kWh)(ch arg e).

(6.5)

Yearly capital cost
AC = TCC * CRF

(6.6)

where CRF is
CRF =

(ir (1 + ir ) y )
((1 + ir ) y − 1)

(6.7)

where ir is interest and y years considered.
The yearly renovation cost of storage (A) (/kWh) is

[

]

A = F (1 + ir ) + (1 + ir ) − 2 r + ... CRF
−r

where F is coming renovation cost and r a renovation period as years.

(6.8)
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r=

C
n*D

(6.9)

where C lifetime charge-discharge amount and n is the amount of cycles per day and D
is a action time of the storage in a year.
Yearly renovation cost (ARC /y) is
A* P * H0
eff

(6.10)

( AC + OMC + ARC )
( P * n * H 0 * D)

(6.11)

ARC =
Cost of electricity (COE /kWh) is
COE =

5.3.3

Basic economics indicators

Net present Value (NPV) is the difference between the present value of cash inflows and
the present value of cash outflows. NPV is used to analyze the profitability of an
investment or project.
T

Ct
− C0
(6.12)
t
t =1 (1 + r )
where Ct is cash inflow and C0 is cash outflow and r is discount rate.
Profitability index (PI) is used to identify the relationship of the costs and benefits of
project through the use of a ratio. It is calculated
NPV = ∑

PI =

PV of future cashflows
Initial investment

For a profitable investment the PI should be >1.

(6.13)
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5.4

Energy storage cost and performance targets based on
benefits

Another way to view applicable cost level is define the cost and performance targets in
certain applications based on expected benefits. Cost targets have been evaluated mainly
in USA by several entities. E.g. the US Department of Energy Office of Electricity
Delivery & Energy Reliability Energy Storage Program has a target of $250/kWhfor
existing battery technologies (NaS, lead-acid, Li-ion, and flow batteries) [20]. American
Electric Power has identified a cost target of $500/kWh for residential energy storage,
where small energy storage devices are placed below the substation level in order to
provide peak shaving and emergency backup services to small groups of residential
customers [21]. The US Department of Energy Advanced Research Projects AgencyEnergy (ARPA-E) Grid-Scale Rampable Intermittent Dispatchable Storage (GRIDS)
Funding Opportunity Announcement seeks “revolutionary new technology approaches to
grid-scale energy storage” that have the potential for capital costs as low as $100/kWh
[22].
In the following table (Table 5-3) EPRI has presented present values (PV) of targeted
benefits over different value chains.
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Table 5-3. Present target values of different service benefits by EPRI. [9]

In the next picture (Figure 5-6) it is presented target values (NPV $/kWh) and the current
prices of Li-ion batteries and future price estimations (based on current estimation of
several companies).
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Figure 5-6. Net present value target of energy storage benefits. (NPV values based on
[9])
Also EOS has evaluated the present values of energy storage solution in different
application of US market. According to this evaluation market opens for several
applications when ES cost is 160 $/kWh or lower. For example at the current cost level
Li-ion batteries (1000 $/kWh) there is only frequency regulation and transportable T&D
Deferral profitable applicable. Wider market opens for the storage systems with cost of
250 €/kWh or less [3]
In the following table (Table 5-4) it is defined targets for ES used for priority grid
application (USA point of view) by NEXIGHT GROUP.
Table 5-4. Targets for ES technologies used for priority grid applications by NEXIGHT GROUP [1].

Application

Area and
Frequency
Regulation
(Short Duration)

Purpose
Reconciles momentary
differences between supply and
demand within a given area.
Maintains grid frequency

Key performance targets
SERVICE COST:
$20 per MW per hour
SYSTEM LIFETIME:
10 years with 4,500 to 7,000
cycles per year
DISCHARGE DURATION:
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15 minutes to 2 hours
RESPONSE TIME:
less than one second
ROUNDTRIP EFFICIENCY: 75%–

90%
Renewables Grid
Integration
(Short Duration)

Transmission
and Distribution
Upgrade Deferral
and Substitution
(Long Duration)

Offsets fluctuations of shortduration variation of renewables
generation output

Delays or avoids the need to
upgrade transmission and/or
distribution infrastructure using
relatively small amounts of
storage. Reduces loading on
existing equipment to extend
equipment life
Load Following
Changes power output in
(Long Duration) response to the changing balance
between energy supply and
demand.
Operates at partial output or
input without compromising
performance or increasing
emissions.
Responds quickly to load
increases and decreases
Electric Energy
Stores inexpensive energy
Time Shift (Long during low demand periods and
Duration)
discharges the energy during
times of high demand (often
referred to as arbitrage)
Accommodates renewables
generation at times of high grid
congestion by storing energy and
transmitting energy when there
is no congestion.

ROUNDTRIP EFFICIENCY: 75%–

90%
SYSTEM LIFETIME:

10 years with high cycling
CAPACITY: 1 MW–20 MW
RESPONSE TIME: 1–2 seconds
COST: $500 per kWh
DISCHARGE DURATION:
2–4 hours
CAPACITY: 1 MW–100 MW
RELIABILITY: 99.9%
SYSTEM LIFETIME: 10 years
CAPITAL COST:

$1,500 per kW or $500 per kWh
for 3-hour duration
OPERATIONS AND
MAINTENANCE COST:

$500 per MWh
DISCHARGE DURATION:

2–6 hours

CAPITAL COST:

$1,500 per kW or $500 per kWh
OPERATIONS AND
MAINTENANCE COST:

$250–$500 per MWh
DISCHARGE DURATION:

2–6 hours
EFFICIENCY: 70%–80%
RESPONSE TIME:

5–30 minutes
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Table 5-5. Cost targets for ES. [1].

Storage type
Li-ion

Sodium

Flow
Metal-air
Multivalent
chemistries
Reg. Fuel cells

In

Current cost
$/kWh
1000 (cell 700,
rest of the
system 300)
3000
(0.04-0.75
$/kWh/cycle)

2015 target
$/kWh
500 (cell 400,
rest of the
system 100)

200-250

4000 (alkaline
and electrolysis
and polymer
fuel cell with
separate
module for
electrolysis and
for fuel cells)1

the

2000 1
(800-1000 for
solid oxide
types)

following

2020 target
$/kWh
250 (cell 210,
rest of the
system 40)
2000
(0.01-0.27
$/kWh/cycle)
150-200
2500
1500

2030 target
$/kWh
250 (cell 210,
rest of the
system 40)
1500
(0.01-0.08
$/kWh/cycle)
100-150
200
250

1500

250

table

(
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Table 5-5) it is defined targets for ES used for priority grid application (USA point of
view) by several authors.
Table 5-6. Value of the Smart Grid service function in USA. [12][15]

5.5

Cost of long term storage

Photovoltaic system is a typical solution area for long-term storages presenting a need
especially for daytime to night-time and summer to winter storing functions. In the
following table it is presented key numbers for long-term storage of PV by ZAE Bayern
Germany.
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Table 5-7. Longterm storage of PV (Summer to Winter in Germany). [6]
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6

Cost of the use of ES electricity in Finland

The Electricity Market Act has opened the Finnish electricity market for competition.
Today, customers can buy their electricity from any electricity supplier in Finland. Smallscale electricity users, whose main fuse size does not exceed 3x63 ampere and connection
capacity is max. 45 kW, can invite tenders from electricity suppliers without additional
costs. Customers using more electricity must have an hourly meter when they wish buy
electricity based on competitive tendering.
Today, electricity comprises two commodities, the distribution service (connection to the
network, transmission and measurement of electricity) and electric energy. The sale of
the distribution service continues to be the local electricity company’s exclusive right.
Tenders can be invited for electric energy. (Source: Energiamarkkinavirasto)
Cost of electricity, energy bill is a combination of electricity price, transmission cost
(=distribution service cost) and taxes. In the following picture it is presented the different
parts of electricity cost for a typical household customer (Source: www.vattenfall.fi).

Figure 6-1. Different parts of electricity cost for typical household customer

6.1

Network tariffs, Transmission cost

6.1.1

Tariffs for consumers

Electricity transmission cost includes pure transmission tariffs and various network
(service) tariffs. Transmission cost is defined by the local transmission operator and the
overall level of the cost is controlled by Energy Market Authority (Energiamarkkinavirasto). The Energy Market Authority (regulator) has the possibility to intervene and
ensure adjustments to ensure compliance with the electricity market legislation.

D 5.3.4: Economic and technical benefits of incorporating an ESS into distribution
network
40 (68)
In the following picture (Figure 6-2) it is presented recommended connection points and
voltage levels for power production systems.

Figure 6-2. Recommended connection points for power production. [5]

Network tariffs for very large-scale industrial consumers (connected to national grid at
the 110 kV or above level) consist of two parts:
1) Market place fee and
2) Use of grid fee
Both fees are informed as euro/MWh. The market place fee is based on the consumption
of electric energy beyond the connection point between the customer and the national
grid. The use of grid fee is based on the volume of electric energy transmitted through the
customer's connection point, and it is specified separately for winter weekdays and other
times. Winter weekdays are Mondays to Saturdays from November 1st to March 31st
between 7am and 10pm daily.
Network tariffs for large-scale industrial consumers (connected to regional transmission
network at the 110 kV) are quite often similar to the transmission tariffs in the national
grid. The prices include both the costs of regional network and the fees for transmission
in the national grid. Some regional network operators have also fixed and/or demand
charges.
Network tariffs for medium-scale industrial consumers (connected to distribution
network at the 0,4 kV or 6-70 kV level) consist normally of
1) Standing charge,
2) Demand charge and
3) Several energy rates, typically two to four. The energy rates differ depending on
the time of day or the time of year.
4) There may also be a reactive demand charge. (Source: Energiamarkkinavirasto)
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Network tariffs for the smallest industrial consumers (connected to distribution network
at the 0,4 kV level) and for domestic consumers typically consist of
1) Standing charge and
2) One or two energy rates.
Standing charges depend typically on the size of the user’s main fuse in rural areas. In
larger urban areas standing charge is same for all customers.
Tariffs for the smallest domestic consumers (apartments or houses without electric
heating) typically consist of
1) Standing charge and
2) Energy rate.
Standing charges depend typically on the size of the user’s main fuse in rural areas. In
larger urban areas standing charge is same for all customers.
Tariffs for other domestic consumers (houses with electric heating) typically consist of
1) Standing charge and
2) Two energy rates.
Standing charges depend typically on the size of the user’s main fuse in rural areas. In
larger urban areas standing charge is same for all customers. The energy rates differ
depending on the time of day or the time of year. (Source: Energiamarkkinavirasto)

6.1.2

Transmission tariffs for producers/prosumers

From producer point of view the structure of different tariffs is very complicated and
varies according to the operator. Transmission tariff of electricity production includes
network services and grid connection costs and is defined in the connection contract.
The terms of connection for electricity generation (TLE11) recommended by Finnish
Energy Industries shall be applied in the connection contract for electricity generation.
The general terms of network service (VPE10) recommended by Finnish Energy
Industries shall be applied to the network service contracts for the metering point. At
generation sites, these terms shall be extended with an appendix to the terms of network
service concerning network service for production (TVPE11) recommended by Finnish
Energy Industries. [4]
Transmission tariff of electricity production consists typically of three main parts:
1) Fixed cost,
2) Cost of power (active or reactive) delivery to the grid,
3) Cost of electricity for own use.
Transmission cost for the produced energy from producer to the grid can be can be fixed
e.g. 153 € - 168 k€ per year depending on the voltage level of the connection. The fixed
price could also be based on the highest produced power.
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Microproduction is defined as a production ≤ 50 kVA and mainly meant for producers
own use. Many DSOs allow a microproduction connection. Electricity delivered from
microproduction is free of electricity tax. The energy measurement unit is programmed
for two-direction use but delivered and consumed energy is charged separately. The
connection fee is separately determined for each connection.
The cost of energy delivered to grid can be fixed like 0.07 cent/kWh (VAT 0%) (E.g.
Kymenlaakson Sähkö 10.4.2012) or can vary according to the season and can be even 8.4
€/MWh on low-voltage grid connections. The cost of self-consumption varies, too. Some
operators charge same tariffs for produced and consumed energy. Operator can charge
also the cost of the use of higher voltage transmission lines for producers’ own electricity
use when electricity production unit is large (e.g. ≥ 1 MW generator). This tariff can be
for example the same than Fingrid charge as grid service fee invoiced monthly (3.48
€/MWh in winter and 1.74 €/MWh in summer, 0.8 €/MWh of output from the main grid
and 0.5 €/MWh for input into main grid.) from customers that are connected to the
Finnish main grid.
Reactive power is also charged in different ways depending on an operator e.g. it can be
charged 7.50 €/kVAr (month) from the reactive power that exceed 25% of the agreed
active power level.
In principle there should be a buyer for all produced energy transmitted via grid but some
operators let the excess energy that is not succeed to sell on the market to be supplied into
the grid without any extra cost, some pay for smaller producer and some do not allow to
transmit any non-sold electricity.
In the following table (Table 6-1) it is presented an example of the transmission tariffs
and maintenance services (Table 6-2) that are charged every month. The available
services include various case-by-case charged services like grid connection and
disconnection 100 € or customer device fault search and correction 100 €. (Source:
www.fortum.com)
Table 6-1. Transmission tariffs (Source: www.fortum.com)

VAT 0%

Transmission 0.4 kV
tariffs
20 kV

Basic
cost
€/month

Power
€/kW,
month

31.50
141.50

1.55
1.19

Reactive
power
€/kW,
month
3.12
3.12

Energy
winter day1)
c/kWh

Energy nonwinter day1)
c/kWh

2.30
1.63

1.12
0.79

Winter day transmission: wintertime 1.11-31.3 Monday-Saturday 7-22 o’clock.
Table 6-2. Maintenance services charged every month (Source: www.fortum.com)

Maintenance services

Charged every month

Grid service
≤63 A fuse
€/month
11.00

Grid service
Grid service
>63 A fuse (0.4 kV) (20 kV grid)
€/month
€/month
90.00
350.00
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In the following table (Table 6-3) it is given examples of the prices for electricity
production connected to the grid.
Table 6-3. Examples of the prices for electricity production connected to the grid.

Vattenfall
grid services
for production
1)

E.ON Kainuun
sähköverkko
Oy
grid services
for production

Prices
1.1.2012

Energy cost
€/MWh,
VAT 0%
NovAprilMarch October

Own
consumption 2)
€/MWh, VAT 0%
NovAprilMarch October

Production
<1 MVA
Production
>1 MVA
Production
<1 MVA
Production
>1 MVA

0.7

0.7

0.0

0.0

0.7

0.7

3.48

1.74

0.7

0.7

0.0

0.0

0.7

0.7

3.70

1.96

3)

Grid
connection
cost

Direct costs of
connection
> 2MW grid
expansion and
protection
cost +
capacity cost
32 €/kW or 18
€/kW in 110
kV grid

Reactive power is charged separately.
1)
For microproduction the energy measurement unit will be used as two-direction mode but energy
consumption and production are handled separately.
2)
Own consumption is own consumption of the produced energy but not the production system selfconsumption.
3)
Surplus electricity can delivered to the grid for free of charge

6.1.3

Tariffs for electrical energy

Consumers are allowed to buy electrical energy from any retailer. Consumers may also
have negotiated tariffs for electrical energy. Electricity retailers should have public list
prices for consumers that are within obligation to supply.
In Finland there are more than 90 distribution network operators and there are also about
10 separate regional network operators. All of these have own tariffs.
The public list prices for industrial consumers consist normally of
1) Standing charge,
2) Demand charge and
3) Several energy rates.
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Some of the retailers have only energy rates at their tariffs of electrical energy.
Negotiated prices may have the same structure as the public list prices or these tariffs
might for example be connected to the Nord Pool spot-prices. The public list prices of the
electrical energy for domestic consumers have normally the same structure as the
network tariffs. (Source: www.energiamarkkinavirasto.fi).
In the following table (Table 6-4) it is presented a comparison of prices of different
operators for single house with electric heating.
Table 6-4. An example of the electricity prices of different operators on February 2012 for a single
house with electric heating. (Source: www.vaasemg.com)

6.1.4

Electricity taxes

There are two electricity end-user tax classes (Table 6-5) in Finland: Tax class 1 is for
most end-users and tax class 2 is for e.g. industrial companies and green house farmers.
Table 6-5. Electricity user taxes in Finland

Tax class 1
Tax class 2

6.1.5

Tax cent/kWh (0% VAT)
1.703
0.703

Tax cent/kWh (23% VAT)
2.09469
0.86469

Example of the electricity cost of one family house

In the following picture it is presented electrical energy cost composition of a 200 m2 one
family (4 residents) house with electric heating located in Espoo. Electricity contract used
is a Fortum Espoo distribution Takuusähkö-yösähkö.
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Figure 6-3. An example of the electricity cost composition of a one family 200m2 house with electric
heating.
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7
7.1

Energy storages in energy market
Nord Pool Spot market

There is not yet pan-European power market but in the beginning 2011 NorNed cable
integrated Central Western Europe and Nordic systems enabling a day-ahead market of
1800 Terawatt hours. Current state of Nordic power system is presented in Figure 7-1.
Nord Pool Spot’s is the largest exchange for electrical energy in the world (307 TWh in
2010), offering both day-ahead and intraday markets.
Elspot is the day-ahead auction on Nord Pool Spot where power is traded for delivery
each hour the next day. The Elspot market is divided into several bidding areas. The
available transmission capacity may vary and congest the flow of power between the
bidding areas, and thereby different area prices are established. The system price is
calculated based on the sale and purchase orders disregarding the available transmission
capacity between the bidding areas in the Nordic market. The system price is the Nordic
reference price for trading and clearing of most financial contracts. For each Nordic
country, the local TSO decides, which bidding areas the country is divided into. The
number of Norwegian bidding areas can vary; today there are five bidding areas. Eastern
Denmark and Western Denmark are always treated as two different bidding areas.
Finland and Estonia constitute three bidding areas each. Sweden was divided into four
bidding areas on 1 November 2011. Nord Pool Spot calculates a price for each bidding
area for each hour of the following day. [http://www.nordpoolspot.com/How-does-itwork/Bidding-areas/]
Elbas is Nord Pool Spot’s (http://www.nordpoolspot.com/) intraday market for the
Nordic region, Germany and Estonia (2.2 TWh in 2010). For trading in Elbas: state the
area(s) in which you wish to trade; Norway (NO1-NO5), Sweden (SE1-SE4), Finland,
Denmark (DK1 and DK2), Estonia (EST) or Germany (KT). On the Elbas market, power
trading occurs 24 hours a day, seven days a week. In this market place, trade continues
even up to one hour before the delivery. Participants are power producers, distributors,
industries and brokers. The European supergrid and pan-European electricity market may
decrease the need to use energy storages in future (the grid acts as an electricity storage).
The intraday market is becoming increasingly important as more wind power enters the
grid. Wind power is unpredictable by nature, and imbalances between day-ahead
contracts and produced volume often need to be offset. However, there are national
subsidies e.g. for renewable production and the tool to keep the benefits of subsidies e.g.
low CO2 emission power production inside the country is an energy storage.
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Figure 7-1. State of Nordic power system on March 2012. [Source: http://www.nordpoolspot.com]
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8

Fees for trading Elbas and Elspot

Fees for trading Elbas and Elspot includes fixed fees and variable fees and service fees.
In the following table (Table 8-1) it is presented fees of Elbas and Elspot.
Table 8-1. Fees for trading Elbas and Elspot 1 January 2012 (excluding VAT). Source:
http://www.nordpoolspot.com/

Annual fixed fee
Participants Elspot and Elbas*
Client Representatives Elspot and Elbas*
Clients Elspot and Elbas
Participant Elbas only
View only license Elbas
Additional country access/portfolio***
Variable trading fee
Elspot
Elspot - small participants**
Elbas
Variable settlement fee
Settlement fee Elspot and Elbas
Gross bidding in Elspot

€
15 000
15 000
1 500
10 000
10 000
1 500
€/MWh
0.035
0.13
0.08
€/MWh
0.0025
€/MWh

(Available for Elspot participants) Gross bidding will
include one (1) portfolio free of charge for the purpose of
gross bidding

Gross volume fee****
Net volume fee
Ancillary Services
Annual fixed fee electronic transmission of Elbas
data (ASCII FTP report) per country
Annual fixed fee electronic transmission of Elbas
data (netposition EDIEL report/trade position
EDIEL report) per country (one off start up fee
EUR 1 000)
Additional Elspot/Elbas trading token (nonrecurring)*****
Currency service fee
Currency service fee Elspot******

0.0035
0.035
€
1 000
1 000

100

0.01% of traded value

Special terms for Table 8-1:
* One annual fee covers both Elspot and Elbas
** Participants at Elspot can waive the annual fee and pay a higher variable fee of EUR/MWh 0.13. There
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is a EUR/year 3 000 floor for the sum of volume fees in a calendar year. Volume fee of EUR/MWh 0.13 is
invoiced through the year and the floor verified at the end of the year.
Participants changing from small participant to regular participant during the year will be charged a pro rata
share of the fixed annual fee of EUR 15 000.
*** Companies bidding in more than one area. In this context, Norway, Denmark or Sweden is considered
as one Elspot or Elbas area. The fee also applies to every additional internal portfolio in Elspot and Elbas
within an area under a participant or client.
**** Gross volume fee for gross bidding. There is a EUR 150 000 ceiling per calendar year for the gross
volume fee.
Compensation for loss of interest in gross bidding is according to the relevant interest rates adjusted on a
monthly basis. (Interest rates April 2012: NOK 1.33%, EUR 0.00%, SEK 1.20% and DKK 0.0%.)
***** Non-recurring cost per token. First 2 are included in the annual fixed fee.
****** Applicable to portfolios trading in NOK/SEK/DKK.

Customers can buy Nord Pool market electricity from operators with market electricity
contract. E.g. Vattenfall has market electricity contract where a customer pay electricity
fee according to the price of last month average price of Nord Pool. In addition of market
electricity cost the Vattenfall fee includes also a fixed basic cost 3.02 €/month and
service cost 0.25 cent/kWh and Finnish VAT. The total customer price includes also
electricity taxes and transmission cost defined by the local operator.
Table 8-2. Prices in March 2012 of Vattenfall market electricity contract.

Market
electricity
contract
(Vattenfall)
Type of
electricity
contract
General electr.
Night
Seasonal

Basic fee
€/month

3.02
3.02
3.02

Energy cent/kWh
(inc. VAT 23%
+service cost)
Daytime

Energy cent/kWh
(inc. VAT 23%
+service cost
0,25cent/kWh)
Night/other time

4.74
5.09
5.27

4.74
4.15
4.11

In the following table (Table 8-3) it is compared realized average prices of Market
electricity contract and indefinitely contract of Vattenfall.
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Table 8-3. Comparison of realized average prices of market electricity contract and indefinitely
contract of Vattenfall. Source: http://www.vattenfall.fi/fi/porssisopimus.htm.

8.1

Elspot prices

Elspot prices in Nordic energy market can vary remarkable between countries especially
during wintertime (Figure 8-1). On the first months of 2010 prices were very high in
Finland, Norway and Sweden but stayed low in west Denmark.
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Figure 8-1. Year 2010 monthly average Elspot prices in Nordic countries.

In 2012 there are 4 price areas in Sweden and 6 price areas in Norway (Figure 8-2). An
example day 22.3.2012 highest prices has been in Estonia and Finland. Lowest night time
prices has been in Trondheim where the price level has been low during whole day.

Figure 8-2. Elspot prices 22-03-2012.

Elspot prices are typically higher during winter months in Finland but there are a lot of
differences between years (Figure 8-3) depending on many things like water level of
lakes in Norway.
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Figure 8-3. Average Elspot prices (€/MWh) in Finland during years 2007-2010.

Also hourly prices varies having typically two peak price period on the morning and late
afternoon and low price period after midnight.

Figure 8-4. Elspot prices (€/MWh) in Finland on the week 15 of y. 2010.

Typical daily price variation type would give feasibilities to use price differences to make
profit by energy storage use.
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The power market has an advanced trading pattern with many actors involved: system
operators, producers, distributors, traders, brokers, clearing companies, financial analysts
etc. Nord Pool Spot is an exchange primarily servicing the players at the power market.
Nord Pool Spot’s member base is constituted by producers, suppliers, and traders who
choose to trade at the power exchange.
Large end-users trade also at the exchange and buy power directly from Nord Pool Spot
instead of doing it through a supplier.
An end-user of power is either a company or a private household. There are
approximately 14 million end-users in the Nordic area. Every end-user pays for the power
consumed to the supplier, he pays for the power transmission to the distributor and he
pays taxes. An end-user can choose among a big range of suppliers while he has only one
choice with regard to the transmission operator or distributor. Every geographical area
has one distributor responsible for the network transmission.
[http://www.nordpoolspot.com/How-does-it-work/The-market-members/]
Today electricity storage facility could make profit in the Nordic power system:
1) From buying and selling power on the spot market
2) On the regulating market, which maintain energy supply and demand balance in
real time. Demand and intermittent RES supply forecasts are not perfect and the
imbalances are handled by the regulating market
3) By selling ancillary services to the transmission system operator (TSO)

8.2

Revenues from arbitrage on the spot market

Example of the fixed time based battery operation using y. 2010 Elspot market prices in
price area Finland. In the following picture (Figure 8-8) it is presented theoretical Elspot
trade case where energy different sizes of ideal energy storages (round trip efficiency
90%) are discharged by day during typical high price hours (8-12 and 17-19). Only
variable cost related to selling and purchasing energy on Elspot market including taxes,
transmission costs and Elspot fees are included to the cost calculation. Transmission cost
(Fortum Espoo Distribution: general agreement) used are: a basic cost 2.93 €/month and
energy cost 3.13 cent/kWh (23% VAT included).
If we look at the Elspot prices on 2010 from 8-12 and 17-19 o’clock and the total cost
value for selling 1000 kW during 6h from Espoo area we can find the main cost is in this
case transmission cost 51.9% and also electricity taxes are high around 35% of the total
selling cost (Figure 8-5). We can also see that selling prices were over the cost on 281
days of the year (Figure 8-6). The expenses of Elspot selling (transmission with Fortum
Espoo prices) varies a little according to the power (100-2000 kW) being 50.7-46.5
€/MWh.
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Figure 8-5. Selling cost combination (taxes, transmission, trading cost and VAT).
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Figure 8-6. Elspot prices (y. 2010, between 8-12 and 17-19 o’clock) and selling cost (taxes,
transmission cost and VAT) of 1000 MW power in Espoo.

In the following case energy storages are also charged from grid during night from 12:006:00.
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Figure 8-7. Storage capacity is sold to the grid during 6 high prices hours each day and charged from
grid during night.

Even if the income from the sales of charged storage power is bigger than the cost of
charging are the taxes and transmission cost high and the final result is a high operating
loss already although only direct cost of trading and transmission are taken into account.
This means that price arbitrage is not profitable today. As the result of this case study we
will get net profit for spot trade 19.8 €/MWh and total cost for charging with night time
spot prices (y. 2010) 88 €/MWh (including all side cost but not VAT).
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Figure 8-8. Energy price arbitrage of different sizes of energy storages (Calculated using with Elspot
year 2010 prices, VAT 0% in cost, taxes and Elspot prices).

8.3

Revenues from selling to the spot market power charged
from renewables

In the following example batteries are charged from other sources e.g. from renewable
sources and charging is assumed to be without cost. Batteries are then discharged every
day to the grid during typically high price time (09:00-12:59 and 17:00-18:59). Sales
income and all cost for trade are calculated during a year. Elspot 2010 prices are used as
sales price. Same income and cost are used for 15 years period calculation
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.
Figure 8-9. Storage capacity is sold to the grid during 6 high prices hours each day.

If we look at the net income from sales we can see that it hardly covers even transmission
energy cost (Figure 8-10).

Figure 8-10. Yearly income and cost of sales 6h per day at typical high price time form 8-12 and 17-19
o’clock (calculated using with Elspot year 2010 prices).

In the following picture (Figure 8-11) it is presented discounted (rate 8 %) yearly cash
flows with different energy storage types (100 kW, 6h), cost of trading and sales.
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Figure 8-11. Discounted (rate 8 %) yearly cash flows with different energy storage types (100kW, 6h),
cost of trading and sales on spot market (y. 2010 prices). Notice that Fe/Cr and Na-ion are in R%D
phase.

In the picture (Figure 8-12) it is presented discounted (rate 8 %) yearly cash flows with
different energy storage types (1000 kW, 6h), cost of trading and sales.
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Figure 8-12. Discounted (rate 8 %) yearly cash flows with different energy storage types (1000kW,
6h), cost of trading and sales on spot market (y. 2010 prices).

As a result of this demo case we get a new energy storage price target <108 €/kWh,
which is ~10% of a current Li-ion battery price.

8.4

Revenues on the regulating market

Each party operating in the electricity market must take continuous care of its power
balance. E.g. the balancing power market in Finland maintained by Fingrid is part of the
Nordic balancing power market. A Nordic balancing bid list is drawn up of all balancing
bids by placing the bids in a price order.
In Finland Fingrid maintains a balancing power market because it does not have
regulating capacity of its own to maintain the power balance. Holders of production and
loads can submit bids to the balancing power market concerning their capacity, which can
be regulated. The balance service agreement gives balance responsible parties a right to
participate in the balancing power market. Other holders of capacity can participate in the
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balancing power market through their balance responsible party or by signing a separate
balancing power market agreement with Fingrid. (Source: Fingrid)
Balancing bid can be up regulating or down regulating having different functions and
targets (Figure 8-13). Balancing bids can be submitted of all resources, which can
implement a power change of 10 MW in 15 minutes. The bids are submitted to Fingrid
no later than 45 minutes before the specific hour in accordance with a separate
instruction.

Figure 8-13. Functions of balancing bids. (Source: Fingrid)

The price for up regulation is always higher or equal to the spot price, while the price for
down regulation is always smaller or equal to the spot price. All actors can give in bids
and the TSO will buy the needed regulation power according to the standard market
mechanisms.
A theoretic example of the fixed time based battery operation using y. 2010 balancing
power market prices in price area Finland.
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Figure 8-14. 50 MWh battery charge – discharge functions according to the time of the day and the
regulation price variation

10 MW, 50 MWh NaS battery system
• Approximated operation time 25 years
(1 renovation after 12 years)
• Charging from 24 pm to 5 am at low price time
• Discharging am 9-12 and pm 17-19 at high price time.
• Estimated net cash flow covers 13% of the total cost (NPV)
• No economic base for the investment

8.5

Revenues by selling ancillary services

Ancillary services are typically provided for transmission grid but in microgrid operation
ancillary services are provided also for local distribution grid. Energy storage benefits for
TSOs in ancillary services (e.g. in Finland):
• Frequency control
• Fast disturbance reserve
• Control of power oscillation to support angle stability
• Control of the changes of demand or production (in an hour)
• To decrease the need of the short period power transmission
• To delay the grid investment
• In the black-start of the reserve power
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•

To control the voltage level with a reactive power source

The goal of grid frequency control is to balance load and production to keep grid
frequency between the agreed limits. In Nordic grid Svenska Kraftnet and Statnet takes
care of the frequency control within limits of 49.9–50.1 Hz, -30–0 sec. Finnish Fingrid
takes care of the balance control during normal situations. Also energy storages can be
used for frequency control (Figure 8-16).

Figure 8-15. The hierarchy of frequency control in Nordic grid.
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Figure 8-16. The principle of frequency control with battery energy storage (BESS)

Prices for ancillary services can be regulated or fixed and monitored by regulator and
determined by market or negotiated/tendered (e.g. in Finland) which consequence
difficulty to estimate possible revenues especially when long period historical data is not
yet available. And the use of energy storage systems charged and discharged via grid
presupposes that electricity taxes and transmission cost are included into the sold and
purchased energy making the operation with any energy storage system unprofitable in
Finland.

8.6

Profit for enduser by load shifting with energy storages

Some operators offer electricity price agreements where nighttime electricity cost is
smaller than daytime and also nighttime transmission cost is smaller e.g. Fortnum Takuu
Yösähkö (Night electricity) or Fortum Takuu Kausisähkö (Season electricity) and Fortum
Kausisiirto (Season Transmission). This day-night price difference could be used to
charge batteries nighttime and discharge daytime e.g. during 6 typical high price hours
(9:00-12:00 and 17:00-19:00).
In the following example it is calculated NPV and PI for one-family house with electric
heating. The yearly total consumption is 17830 kWh. The electricity consumption is
assumed to be similar during night hours and daytime hours and Fortum Season
Transmission agreement prices with Fortum Takuu Yösähkö and. Vattenfall Market
Electricity prices are used in the calculations
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The battery type used is maintenance free AGM DoD 50% 660hours, efficiency 85% and
lifetime 2 years for 95.4 kWh battery system. The charger-inverter lifetime is assumed to
be 15 years.
The cash flow using cheaper nighttime electricity (Fortum Takuu Yösähkö including
taxes and transmission cost) is 84 €/year. The AGM battery system cost for 2 years is
3962 €/y and charger-inverter cost is 139 €/y for 15 years time of use. The discount rate
used is 8.8%. The NPV is –3952 and PI is 0.0361 meaning a non-profitable investment.
The cash flow using cheaper nighttime electricity (Vattenfall Market including taxes and
transmission cost) is 66 €/year. The NPV is –3984 € and PI is 0.0284 meaning a nonprofitable investment.
The battery price in the example is 166 €/kWh and the target price found out with the
calculations would be 1.6 €/kWh.
Table 8-4. An example of load shifting benefits with AGM battery system in one-family house with
electric heating and night time cheaper electricity.

Vattenfall Market
Night electricity
incl. taxes and
Fortum trans. cost
Fortum Takuu
Yösähkö incl.
taxes and Fortum
trans. cost

Without
battery
€/y

With 6 h
battery
€/y

Savings
€/y

Battery
€/y
(2 y)

NPV
€/y

PI

4101

Chargerinverter
€/y
(15 y)
139

3955

3889

66

-3984

0.0284

3734

3650

84

4101

139

-3933

0.0361

D 5.3.4: Economic and technical benefits of incorporating an ESS into distribution
network
65 (68)

9

Conclusions

According to the calculations of this study and the calculations presented in earlier study
in the report D 3.5.1 the economic benefits for the use of electrical energy storages in
Finland cannot be found. Transmission cost, electricity taxes and VAT are remarkable
high compared to the any savings or income of the use of electrical energy storages.
Except economic benefits of the use of energy storages would give non-economic
benefits like the increase of system performance, green values, reliability or security but
the value of a non-economic benefit is very difficult to estimate. Energy storages have
benefits when used e.g. in small-scale solar systems to increase the use of renewable
energy and decrease emission compared to the traditional non-renewable energy
production. High penetration level of solar systems and load shifting with energy storages
could eliminate the need of coal plant or CHP use for summer time electric energy
production. However, that is not calculated in this study. Decrease of taxes and
transmission cost for smaller domestic grid-connected energy production and sufficient
subsidies for small-scale renewable energy production and energy storages would make
also grid-connected storage systems as an economic option.
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AC
AS
BMS
BOP
CAES
CCR
Cl
CN

Abbreviations

Alternate Current
Ancillary Services
Battery Management System
Balance Of Plant
Compressed Air Energy Storage
Capital charge rate
Chlorine
Capacity in Ah of a battery discharged at a rate of C/N, where C is the nominal
capacity of the battery and N is the time of discharge
CP
Total specific Cost bases on Power [€/kW]
DC
Direct Current
DG
Distributed Generation
DOD Depth of Discharge
DoD Depth of Discharge
DOE Department of Electricity (US)
DSM Demand Side Management
ECES Energy Conservation trough Energy Storage
ECN Energy Research Center of Netherlands
EEC European Economic Community, EY
EM Specific Energy [Wh/kg] [kWh/t], or gravimetric energy density
ENTSO-e
European Network of Transmission System Operators for Electricity
ES
Energy for surface area [kWh/m2]
ESS Electric Storage System
EU
European Union
EV
Energy density [Wh/l], [kWh/m3], or volumetric energy density
EVs Electric vehicles
FACTS
Flexible Alternating Current Transmission System
FESS Flywheel energy storage system
GE
General Electric
GTO Gate Turn-off
GW Gigawatt
IEA International Energy Agency
IEEE Institute of Electrical and Electronics Engineers
IGBT Insulated Gate Bypolar Transistor
IGCT Integrated Gate-Commutated Thyristor
ISO Independent System Operator
LiBF4 Lithium Tetrafluoroborate
LiClO4
Lithium Chlorite
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Li-FePO4
Lithium Iron Phosphate
LiMnO2
Lithium Manganese Oxide
LiPF6 Lithium Hexafluorophosphate
LiTi Lithium Titanate
LiTiO Lithium Titanate Oxide
LS
Lifetime in Service
LT
Technological lifetime
MW Megawatt
NaCl Sodium Chlorine
NaS Sodium Sulfur
NiCd Nickel Cadmium
NiCl2 Nickel Chloride
NiMH Nickel Metal Hydride
Nmax Cyclability, maximum number of cycles that the storage is able to perform
NPV Net present Value
PbA Lead Acid battery
PCS Power Conversion System or Power Conditioning System
PHES Pumped Hydroelectric Storage System
PHEV Plug in Electric Vehicle
PHS Pumped Hydro Storage
PV
Photovoltaics
R&D Research and Development
RE
Renewable Energy
RE
Renewable energy
SCADA Supervisory Control And Data Acquisition
SLI Starting Lighting and Ignition
SMES Superconductive Magnetic Energy Storage
SO
System operator the entity responsible for monitoring and controlling the
electricity system
SOC State of Charge
T&D Transmission and Distribution
TEES Thermo Electric Energy Storage
TOU Time of Use
TSO Transmission System Operator
V2G Vehicle to grid
VAR Voltage Ampere Reactive
VLA Vented lead acid
VRB Vanadium Redox Battery
VRLA Valve Regulated Lead Acid
ZnBr Zinc/Bromine
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