The Grid and Power Station Operation

Introduction

This document gives a brief introduction into: how the grid operates; how demand and supply are balanced; how power stations are operated and how renewable energy interacts with this.

Overview

Electricity can not be efficiently stored, therefore all the power stations in the UK are connected via the National Grid (‘Transmission System’).  As demand for electricity changes, power stations are turned on and off and their outputs changed.  Nuclear and the most efficient fossil fuel stations are operated when demand is low with less efficient (dirtier) stations being when demand is high (as they cost more in fuel to run).  

Balancing demand and supply

Demand for electricity varies continuously and by a very large margin.  Demand must be met exactly by generation or the grid voltage and frequency drop and the grid ‘collapses’ i.e. goes off.  When demand increases, output from power stations is increased and if the change in demand is large additional power stations are started.  

Station operation is planned up to 24 hours in advance, coal stations can take up to 4 hours to heat-up and nuclear stations can not be easily turned off.  To meet changes in demand some power stations are run ‘part-loaded’ i.e. below full output.  This causes them to be less efficient and therefore dirtier.  

Electricity is sold between one year and one hour ahead of delivery with nuclear and the more efficient fossil fuel stations being used continuously with less efficient stations being operated during times of peak demand.  Therefore Gas stations are more efficient (and cleaner) than coal but burn a more expensive fuel, therefore whether coal or gas is used is mainly determined by fuel prices.  

It is possible to change demand by asking large users (e.g. water works) to disconnect during periods of high demand.  There is potential for many more users (including houses if they were fitted with ‘smart’ meters) to reduce demand when asked e.g. turn off washing machines.  Reducing peaks in demand would mean that less efficient stations would not be required to operate.  

The Grid

At present electricity can not currently be efficiently or cost-effectively stored.  Each city used to have its own power station and local grid.  This was inefficient as the station had to be run below full capacity to be able to meet changes in demand during the day.  The construction of a National Grid (Transmission System) between cities and power stations enabled coal to be burnt near the coal fields in the north (Yorkshire and East Midlands) and the electricity (rather than the coal) to be transported to the south of England.  The grid has also meant that only a small number of stations have to run at part load to meet changes in demand.  Nearly 10% of electricity generated is lost during transmission and most of this is during transformation to distribution voltages.  

The grid is owned and operated by National Grid Plc who became a public listed company in the 1990s.  National Grid is a monopoly regulated by the Government (Ofgem).  

Power Station Operation

Since the privatisation of electricity generation the construction and operation of power stations has been performed by private companies.  It is worth noting that all older (pre 1990s) power stations were built by the state e.g. the old Central Electricity Generating Board built the coal stations and what is now British Energy built nuclear stations).  This means that these stations haven’t paid for the cost of building the station; they only pay for fuel.  Therefore it is hard for new stations (such as wind) to compete as they have to pay the full cost of construction.  
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Most of the “Renewables & other” section comes from burning biomass / waste but includes large hydro - 1% and wind - 0.5%.  

Coal Power Stations

Coal produces the most CO2 per unit of electricity i.e. it is the dirtiest source of electricity.  For each unit of energy generated by burning only around one third is converted to electricity.  The rest is lost as waste heat.  The use of coal has been growing since 2000 due to increasing gas prices and rising demand for electricity.  Prior to 2000 gas was used as much as possible due to low prices (we were burning the North Sea reserves).  

Some time ago the EU introduced Large Combustion Plant Directive in order to reduce acid rain causing nitrous oxides.   This means that stations have to choose to stop operating by 2008 or install expensive stack cleaning equipment (scrubbers).  After years of trying to bend the laws and threatening to stop operating, most stations are now going to install the scrubbers.  Drax already has the equipment installed.  Drax is by far the largest station in the country as it is effectively two adjacent power stations.  Drax could provide nearly 10% of the country’s electricity; equivalent to 4,000 100m wind turbines (in windy places!).  

Coal stations (including Drax) currently burns small amounts (less than 8%) of biomass.  The biomass mainly consists of palm-oil kernels and olive-husks from overseas but also includes locally grown coppiced willow.  Drax burn this biomass as the electricity generated is classed as renewable and is worth extra money.  Burning biomass reduces CO2 output from the station.  Most of the coal burnt at Drax is imported and worldwide coal supplies are expected to last hundreds of years.  

Many (including the government) are keen to continue using coal but capture the CO2 and pump it under the ocean into oil fields (sequestration).  Pumping CO2 into old oil fields allows more oil to be extracted and is already done in Norway and the US.  Pumping CO2 under the ocean requires energy (and therefore money) and creates a pollution problem, the impact of which is unclear.  

Renewable Energy

Most renewable electricity generators are not connected to the transmission network but are connected to the local ‘Distribution Network’ (smaller pylons which supplies power to towns and houses).  The grid has been designed for power to flow from power stations via the transmission system through the Distribution System to houses.  Renewable energy generation can cause power to flow the opposite way (from the distribution system to transmission system); this can raise serious technical problems.  The power from renewable power stations such as wind can not be controlled like a coal /gas power station (which change power via fuel supply).  Changes in output from wind is balanced by ‘part loaded’ plant.  

The National Grid has stated that the grid could “readily” cope with 10% of electricity from wind.  Currently less than one percent of our electricity comes from wind energy.  

References: 

http://www.parliament.uk/post/pn163.pdf,        http://www.dti.gov.uk/energy/statistics/source/electricity/page18527.html
_-1395366920.xls
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Table 5_1

		5.1  Commodity balances

		Electricity

																GWh

				1998		1999		2000		2001		2002		2003		2004

		Total electricity

		Supply

		Production		361,078		365,250		374,374r		382,356r		384,594r		395,732r		392,979

		Other sources (1)		1,624		2,902		2,694		2,422		2,652		2,734		2,649

		Imports		12,599		14,507		14,308		10,663		9,182		5,119		9,784

		Exports		-131		-263		-134		-264		-768		-2,959		-2,294

		Marine bunkers		-		-		-		-		-		-		-

		Stock change (2)		-		-		-		-		-		-		-

		Transfers		-		-		-		-		-		-		-

		Total supply		375,170		382,396		391,243		395,177		395,661r		400,626r		403,118

		Statistical difference (3)		+1,861		+1,564		+1,497r		+1,167		+983r		+1,072r		+1,307

		Total demand		373,309		380,832		389,746r		394,010		394,678r		399,554r		401,811

		Transformation		-		-

		Electricity generation		-		-		-		-		-		-		-

		Major power producers		-		-		-		-		-		-		-

		Other generators		-		-		-		-		-		-		-

		Heat generation		-		-		-		-		-		-		-

		Petroleum refineries		-		-		-		-		-		-		-

		Coke manufacture		-		-		-		-		-		-		-

		Blast furnaces		-		-		-		-		-		-		-

		Patent fuel manufacture		-		-		-		-		-		-		-

		Other		-		-		-		-		-		-		-

		Energy industry use		29,674		29,790		30,680r		30,387		31,297r		32,273r		31,040

		Electricity generation		17,408		16,707		16,304		17,394		17,126r		18,185r		17,186

		Oil and gas extraction		537		408		527		675		540		551		558

		Petroleum refineries		5,136		4,981		6,362		5,231		6,553r		5,932r		6,177

		Coal extraction		-		-		-		-		-		-		-

		Coke manufacture		1,334		1,358		1,283		1,223		1,163r		1,190r		1,118

		Blast furnaces		948		948		877		885		502r		492r		468

		Patent fuel manufacture		-		-		-		-		-		-		-

		Pumped storage		2,594		3,774		3,499		3,210		3,463		3,546		3,497

		Other		1,717		1,614		1,828		1,769		1,950		2,376r		2,037

		Losses		27,957		28,298		29,649		30,902		29,980		29,862		30,728

		Final consumption		315,678		322,744		329,420r		332,721		333,401r		337,419r		340,043

		Industry		107,177		110,978		114,112		111,337		112,648r		114,299r		117,149

		Unclassified		-		-		-		-		-		-		-

		Iron and steel		9,571		9,779		6,349r		5,303r		5,092r		5,434r		5,412

		Non-ferrous metals		5,698		5,895		6,152r		7,324r		6,365r		6,636r		7,277

		Mineral products		7,142		7,265		8,109r		7,247r		7,115r		7,651r		7,849

		Chemicals		20,916		21,677		23,732r		21,079r		22,861r		22,653r		23,170

		Mechanical engineering, etc		8,520		8,824		9,420r		8,569r		8,794r		8,839r		8,513

		Electrical engineering, etc		5,996		6,006		6,196r		5,697r		5,880r		6,019r		6,818

		Vehicles		5,586		5,615		6,316r		5,824r		5,625r		5,660r		5,686

		Food, beverages, etc		11,852		12,524		11,724r		11,570r		12,166r		11,949r		12,324

		Textiles, leather, etc		3,666		3,751		3,599r		3,303r		3,463r		3,443r		3,396

		Paper, printing, etc		10,684		10,989		11,416r		11,511r		11,988r		12,749r		13,253

		Other industries		16,012		17,125		19,514r		22,213r		21,599r		21,562r		21,653

		Construction		1,534		1,528		1,586		1,698r		1,700r		1,701r		1,799

		Transport		8,511		8,579		8,623		8,828		8,454r		8,280r		8,034

		Air		-		-		-		-		-		-		-

		Rail (4)		2,700		2,700		2,700		2,700		2,700		2,700		2,700

		Road		-		-		-		-		-		-		-

		National navigation		-		-		-		-		-		-		-

		Pipelines		-		-		-		-		-		-		-

		Other		199,990		203,187		206,685r		212,557		212,299r		214,840r		214,860

		Domestic		109,410		110,308		111,842		115,337		114,534r		115,761		115,526

		Public administration		21,577		21,951		20,913		21,105		20,657r		20,816r		20,924

		Commercial		64,952		66,748		69,571		72,014		72,963		74,238		74,215

		Agriculture		4,051		4,180		4,358		4,100		4,145		4,025		4,194

		Miscellaneous		-		-		-		-		-		-		-

		Non energy use		-		-		-		-		-		-		-

		5.1  Commodity balances (continued)

		Electricity

																GWh

				1998		1999		2000		2001		2002		2003		2004

		Electricity production

		Total production (5)		361,078		365,250		374,374r		382,356r		384,594r		395,732r		392,979

		Primary electricity

		Major power producers		103,723		99,564		89,394		93,307		91,776		91,254		84,252

		Nuclear		99,486		95,133		85,063		90,093		87,848		88,686		79,999		20%		20%		Nuclear

		Large scale hydro (5)		4,237		4,431		4,331		3,215		3,927		2,568		3,982		1%		1%		Large hydro

		Small scale hydro (6)		-		-		-		-		-		-		271		0%		0%		Small scale hydro (6)

		Wind		-		-		-		-		-		-		-

		Other generators		1,757		1,756		1,701		1,805		2,119		1,948		2,616

		Nuclear		-		-		-		-		-		-		-

		Large scale hydro		674		698		540		630		657		545		666		0%

		Small scale hydro (6)		206		207		214		210		204		115		11		0%

		Wind		877		851		947		965		1,259		1,288		1,939		0.5%		0.5%		Wind

		Secondary electricity

		Major power producers		228,417		234,142		249,695r		257,328		259,566		268,612		271,758

		Coal		118,595		102,074		117,025		127,128		120,958		134,023		127,827		33%		34%		Coal

		Oil		3,442		2,943		2,415		2,472		2,011		2,197		1,883		0%		1%		Oil

		Gas		105,804		128,365		129,558		126,999		135,741		131,238		140,577		36%		40%		Gas

		Renewables		576		760		698		729		856		1,154		1,471		0%		2%		Renewables

		Other		-		-		-		-		-		-		-				1%		Other

		Other generators		27,181		29,788		33,584		29,915		31,133r		33,918r		34,353				100.0%

		Coal		4,376		4,106		2,925		4,333		3,321r		4,282r		4,184		1%

		Oil		3,913		3,606		4,109		2,781		2,788r		2,397r		3,032		1%

		Gas		11,994		14,537		18,519		14,906		16,536r		17,633r		15,526		4%

		Renewables		2,661		3,227		3,630		4,318		4,769		5,547r		6,407		2%

		Other		4,237		4,312		4,401		3,577		3,719r		4,059r		5,204		1%

																		100%

		Primary and secondary production (7)

		Nuclear		99,486		95,133		85,063		90,093		87,848		88,686		79,999

		Hydro		5,117		5,336		5,085		4,055		4,788		3,228		4,930

		Wind		877		851		947		965		1,259		1,288		1,939

		Coal		122,971		106,180		119,950		131,461		124,279r		138,305r		132,011

		Oil		7,355		6,549		6,524		5,253		4,799r		4,595r		4,915

		Gas		117,798		142,902		148,077		141,905		152,277r		148,871r		156,103

		Other renewables		3,237		3,987		4,328		5,048r		5,625		6,701r		7,878

		Other		4,237		4,312		4,401		3,577		3,719r		4,059r		5,204

		Total production		361,078		365,250		374,375		382,356r		384,594r		395,732r		392,979

		(1)  Pumped storage production.

		(2)  Stock fall (+), stock rise (-).

		(3)  Total supply minus total demand.

		(4)  See paragraph 5.14.

		(5)  Excludes pumped storage production.

		(6)  A re-assessment in 2004 showed that some small scale hydro output previously classified to Other Generators

		should be classified to Major Power Producers.  Work is continuing to see if the re-classification can be

		extended back to earlier years.

		(7)  These figures are the same as the electricity generated figures in Table 5.6 except that they exclude

		pumped storage production.  Table 5.6 shows that electricity used on works is deducted to obtain

		electricity supplied.  It is electricity supplied that is used to produce Chart 5.3 showing each fuel's share

		of electricity output (see paragraph 5.27).
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