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System integration
Memo

Besides direct costs for investments, fuels, operation and maintenance as well as environmental costs, the various technologies also have costs related to the integration into the surrounding energy system. This is especially the case for technologies with intermittent output, wind power, solar PV, wave power and hydro-run-of-river, but also nuclear power has an impact on system costs because of its large and inflexible nature. This memo treats the system costs of these 5 technologies.
The costs of integrating the electricity production technologies can be divided into the following elements
:

· Infrastructure costs. Extra costs for expanding and adjusting the electricity infrastructure in order to feed in electricity production from the technology in question. 

· Balancing. Costs of handling deviations from planned production and extra costs for investments in reserves for handling of outages of power plants or transmission facilities. 

· Capacity credit. The cost of some technologies like wind power not being able to produce power when the electricity system needs it the most. 
The size of the cost or benefit of integrating a technology into the surrounding system depends of course to a large extent on the design of the system. IEA (2005) mentions the following important factors:
· The share of intermittent power in the electricity system. The costs per MWh of intermittent power tend to increase with the share. Particularly so when it comes the capacity costs and the infrastructure costs.

· The characteristics of the electricity system. Generally the costs will depend on whether the needed alternative flexible resources are already accessible or if they have to be added to the system either directly or via new interconnections with other regions. The costs in small isolated systems tend to higher than in large or highly interconnected systems.
· The operational procedures and market design. Large shares of intermittent power add new dimensions to an electricity system. If the operating procedures and market design are not adjusted to reflect the complexity of intermittent power, the costs may be higher than necessary.

Furthermore the costs will depend on the nature of the technology to be integrated. For example solar PV typically has a production profile that has a better fit with the consumption profile than wind power.
The estimation of different system costs in this memo is based on the assumption that the technologies are integrated into a typical electricity system based mainly on traditional fossil fired power plants, some hydro power and some intermittent electricity sources (up to 10 %).

Infrastructure

The infrastructure costs include increased costs to reinforce distribution and transmission grids when integrating the new technology. Furthermore it includes increased or avoided line losses in the distribution and transmission grids.
In most industrial countries the transmission grid is so well-developed that integration of new electricity production plants in most cases will demand no further investments in the transmission grid.

“At low penetration rates, dispersed generation postpones investments in the transmission system because energy is both generated and consumed locally. However, at increasing penetration values DG-installations call for investments in both the distribution and transmission system in order to provide enough transport capacity”. (PB Eriksen et al, 2006).
Wind on shore

In the Green-Net study (Green-net 2007) the costs for grid connection for wind onshore are – on average – 8% of total project investment costs. With the off shore wind power investment cost of 0.8 - 0.9 mill. €/MW used in this project the cost for infrastructure is 0.064 – 0.072 mill. €/MW. With the assumptions for life time, interest rate and full load hours used in this project, this corresponds to infrastructure costs of 2 €/MWh.
Wind off shore

In connection with the expansion with off-shore wind turbines, subsequent investments in the electricity infrastructure will, however, be needed to connect submarine cables with the main grid and possibly reinforce the electricity grid.

In the Green-Net (Green-net 2007) study the grid connection costs for wind offshore are clustered depending on the distance to shore. The following specific costs are derived (% of total project investment costs): Zone 0 (near shore): 10%; Zone 1 (< 30 km): 15%; Zone 2 (30-50 km): 20%; Zone 3 (> 50 km): 25%. With the off shore wind power investment cost of 1.4 - 1.6 mill. €/MW used in this project the cost for infrastructure is 0.14 – 0.4 mill. €/MW depending on the location of the off shore wind power.
In the report “Long-term challenges in the electricity system – wind power and natural gas” by the former transmission system operator in Eastern Denmark, the costs of reinforcing the internal transmission grids is estimated at approx. 53 million € per 200 MW installed off-shore wind farm – corresponding to 0.27 mill. €/MW wind power (Elkraft System, 2005).
In the report “50% Wind Power in Denmark in 2025” Ea Energy Analyses has estimated the infrastructure costs for connecting 2250 MW new off shore wind power to the Danish system to 0.48 mill. €/MW. In the report “Off shore wind power locations of the future” (Danish Energy Authority, 2007), the infrastructure costs for new off shore wind power is estimated to be 0.44 – 0.75 mill. €/MW depending on the location.
On the basis of the studies mentioned above the infrastructure costs are estimated to be 0.45 mill. €/MW. With the assumptions for life time, interest rate and full load hours used in this project, this corresponds to infrastructure costs of 8.6 €/MWh.

Solar PV
Deferral of transmissions and distribution upgrades
In networks where upgrades are required in due to anticipated load growth solar PV may contribute to deferring those investments. Analyses show that the benefits are very site specific varying by almost a factor of 10 between different grid areas. In some grid areas the avoided costs amount to only 9,000 $/MW-yr and in other areas to 88,000 $/MW-yr.

Assuming 1 MW of solar PV reduces peak-demand by 0.5 MW – the benefit of solar PV can be estimated to:

Low:  9,000 $/MW * 50 % / 1,800 MWh/MW = 4.6 $/MWh = 4.4 €-2006/MWh

High: 88,000 $/MW* 50 %  / 1,800 MWh/MW =25 $/MWh = 23 €-2006/MWh

For our further calculations we will use a mean value of 14 €-2006/MWh. 

Avoided line losses
Production of electricity close to the load can reduce the losses in transmission and distribution grid.
Solar PV is mostly placed at or near the point of power consumption thereby avoiding losses in the transmission and distribution network. Line losses will depend on local grid conditions and the time of consumption/generation. In peak times losses are usually higher because more power is delivered in the grid.

For the present calculations we assume, that line losses are app. 8 % (cf. Smeloff 2005) - of which most of the losses are assumed to occur in the distribution grid. Assuming an average value of peak power of 50 €/MWh (40 €/MWh + 25 % added capacity value), the value of avoided line losses can be estimated to app. 4.4 €/MWh (50 €/MWh * (1-1/0.92)).

For solar PV infrastructure costs are reduced compared to other technologies. The total cost reduction is 18.4 €/MWh.
Wave power

For wave power the costs are estimated to be the same as for off shore wind power.
Hydro run-of-river

For hydro run-of-river the costs are estimated to be the same as for on shore wind power.

Nuclear

In some cases a new large nuclear plant will need additional infrastructure. However, in most cases new nuclear will be established within the framework of the existing infrastructure and will not need further infrastructure investments. In this study no extra infrastructure costs for nuclear power are included.
Balancing

In a typical electricity market, electricity production is planned one day ahead in the spot market. If deviations from the planned operation occur during the day of operation, this may generate costs of balancing. Compared to a coal-fired power plant, waste-fired power plants and nuclear power plants have poorer regulating capacities, while gas turbines have good regulating capacities.
Furthermore, in order to maintain the balance in the electricity system in case of outages of large-scale production facilities or transmission lines, it is necessary to maintain a certain amount of disturbance reserves in the electricity system. Typically, the necessary quantity of reserves is defined by the n-1 criterion. Introduction of new technologies in the system can change the necessary quantity of disturbance reserves and thus incur new costs on the system.
The above two elements are important factors in the balancing costs. A study by UKERC (UKERC, 2006) uses the term system balancing impacts: “These include both the additional response and reserve requirements that must be purchased by the system operator and the effects on market participants. They reflect to manage and accommodate fluctuations over the period from seconds to hours”. 
Wind power (on shore and off shore)

The unpredictable character of wind makes it difficult to plan wind power production one day ahead. In a study by Ea Energy Analyses (Ea Energy Analyses, 2007) the balancing cost of wind power is estimated on the basis of historical regulation power prices and mean errors in wind forecasting to around 3 €/MWh.
The study by UKERC estimates the costs for system balancing to be in the order of 3-5 €/MWh in Britain. Furthermore the study shows that the system balancing costs are less than 8 €/MWh of intermittent output, in some cases substantially less. In the report “Projected costs of generating electricity – 2005 update” (IEA, 2005), IEA compares system balancing costs from different other studies including the Green-net and the ILEX studies and the cost range is between 1.5 and 7 €/MWh.
Based on the studies above the system balancing costs are estimated to be 4 €/MWh for on shore and off shore wind power.

Solar PV, Wave power and Hydro run-of-river

For Solar PV, Wave Power and Hydro run-of-river only few specific studies have been identified. The intermittent nature of these electricity production technologies is similar to the nature of wind power. Therefore, the power balancing costs are assumed to be similar to those for wind power.
Nuclear

It is assumed that all technologies examined in this study – except nuclear power – have a size that can be handled by the existing disturbance reserves. As regards nuclear power, it is assumed that the plants have a size that increases the demand for disturbance reserves. For example the new Finnish nuclear power plant to be commissioned by 2011 will have a size of 1600 MW. In this study it is assumed that a further 500 MW disturbance reserve will be needed if nuclear power technology is to be implemented in an existing system. The extra reserve may be procured in various ways, for instance by establishing new, fast-regulating thermal capacity, demand response or through new transmission lines. In this study, it is assumed that 500 MW single cycle-gas turbines are built if a nuclear production plant is built. This corresponds to an investment of 0.25 million € per MW nuclear power.
A rough estimate has been made as follows:

Additional reserve capacity: 250,000 €/MW in initial investment. With 8000 hours/year over 50 years, this is equivalent to 0.7 €/MWh.

Capacity credit

The term capacity credit is used to express the value of generation to the electricity system. Basically this is a question of timing: plants which are able to adjust their production according to the system demand have a high value whereas intermittent technologies such as wind power would usually have a lower value.

Whereas, the system balancing costs express costs of intermittent electricity sources over the period from seconds to hours, the capacity credit expresses costs in the longer term and are related to the system adequacy. The study by UKERC (UKERC, 2006) uses the term capacity to ensure system reliability “This relates to the capacity that must be built or retained on the system with intermittent generation to ensure that a defined measure of reliability of supply during peak demand is maintained”. 

There are several ways to assess the capacity credit of an electricity production technology. In a well developed electricity market, the value of the electricity production can be assessed as the price a technology may obtain in the electricity market. In the Nordic market, for example, there is no separate capacity credit payment and it can thus be assumed that the spot price in the mature electricity market reflects the real value of electricity production (energy and capacity credit) hour by hour. In other studies, the capacity credit has been assessed in different ways – for instance for wind power, it has been estimated what the extra investment will be for sufficient backup capacity for periods without wind.
Based on an evaluation of the value of wind power electricity in the market Ea Energy Analyses has estimated the capacity value of wind power to be 2.7 €/MWh.
The UKERC report estimates the costs to maintain system reliability to be 5 – 8 €/MWh under British conditions. IEA (IEA, 2005) refers to the ILEX study and the Green-net study and estimates the capacity costs of wind power to be between 3 and 6.7 €/MWh.

Based on the studies above the costs related to capacity credit are estimated to be 5 €/MWh for on shore and off shore wind power in this report.

Solar PV

It is important to take into consideration the time dependency of the value of PV power. Retail electricity prices vary considerable during the day and year due to variations, primarily in power demand. Peak load power is more costly than base load power, because the peak load power plants only run for a limited number of hours each year thereby raising their capital costs.

Meyer and Luther (2004) has analysed the value of PV power using price information from 2001 from the German (EEX) and Dutch (APX) power exchanges. They show that electricity prices that PV producers observe in the market are on average 1.17 times higher than average electricity prices in Germany and 1.63 times higher on the Netherlands.  They explain the large difference between the markets by the higher volatility of the smaller market at APX.

Rowland has made a similar analysis for Alberta and Ontario in Canada (Rowland 2005). In Alberta the solar-weighted price is 22-63 % higher than the average price of electricity in April to September (2002-3) and in the province and in Ontario the similar figures are 7-27 %.

For more sunny regions than Germany and Canada, where peak demand is to a higher extent driven by electricity load from air-conditioning the peak load value from solar power can be expected to be higher.

Assuming PV power is on average 25 % more worth than average power prices and assuming an average price level of 40 €/MWh – the added benefit of PV is 10 €/MWh. This is probably a conservative estimate.

Wave power and Hydro run-of-river

These two technologies have the same characteristics as wind power in the respect that they are intermittent and do not always produce power when the demand is high. In this report the costs for capacity credit have been estimated to be the same as for wind power, 5 €/MWh.
Nuclear

As first priority base-load plants nuclear power plants inflict capacity constraints on the system and other suppliers (the generation time-profile differs much from the electricity demand time-profile). The cost hereof is estimated equivalent to that of wind turbines, 5 €/MWh.

Total costs for system integration

The table below summarises the costs for system integration for different technologies.

	€/MWh
	Infrastructure
	Balancing
	Capacity credit
	Total

	Wind on-shore
	2.2
	4.0
	5.0
	11.2

	Wind off-shore
	8.6
	4.0
	5.0
	17.6

	Solar PV
	- 18.4
	4.0
	- 10.0
	- 24.4

	Wave power
	8.6
	4.0
	5.0
	17.6

	Hydro run-of-river
	2.2
	4.0
	5.0
	11.2

	Nuclear energy
	0
	0.7
	5.0
	5.7


Table 1: Total costs for system integration.
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