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Appendix 13 Electricity import/export corrections.
Background.

For statistical purposes and for reporting purposes, the Danish Energy Agency (DEA) produces a correction of actual TPES and emissions in order to follow the trend in these indicators without random variations in electricity imports/exports (I/E) and ambient temperature.

In order to produce the I/E correction it is necessary to estimate how much fuel would have been used, if there had been exactly zero imports. This can be done in several ways. There is a complication due to the fact that a substantial fraction of the Danish electricity production is produced as combined heat and power (CHP). For a number of years, the statistics division of the DEA has used a method based on the average fuel consumption for electricity production. This validity of this method (”Statistics method”) was questioned after the 1996 experience wih massive electricity exports. The reasoning was, that the marginal electricity plant in case of large exports would be substantially less efficient than the average plant. As a consequence, a number of other correction methods were investigated.

This paper describes and compares three methods for electricity imports/exports correction.

1: Statistics method.

The statistics division of the DEA until 1997 computed the I/E correction as follows: Firstly, the total fuel consumtion in all electricity producing plants was added. Secondly, the fuel used for heat in CHP plants was subtracted
. This gives the total fuel for electricity production. Thirdly, this is divided by the total electricity production to produce an average CO2 content in a kWh. And finally, this is multiplied by the I/E to produce the I/E correction.

Thus the I/E correction with the statistics method is based on the average plant. The corrected emission is calculated as follows:






where:

Emi
- is the calculated total emission from central power plants in tonnes.

H
- is the heat production at the power plants, used for district heating in PJ.

En
- is the total fuel consumption at the central power plants in PJ.

I
- is the imported or exported electricity in kWh.

P
- is the produced electricity at the central power plants in kWh.

Effh
- is the marginal efficiency of heat production, estimated to be 2.0.

In a year like 1996 with excessive export this was expected to underestimate the I/E correction since the marginal plants would play a dominant role. Another weakness with the statistics method is the fact that the fuel mix in small-scale CHP-plants contributes to the I/E correction. Since their electricity production is fixed by the local heat demand, this is not consistent with the actual functioning of the load dispatch.

2: RAMSES method.

A more correct estimate of the I/E correction can be made by simulating the economic load dispatch of the actual electricity system with and without I/E. This in principle produces a physically and economically correct distribution on electricity plants of the extra or reduced production due to I/E. 

The DEA has made such a calculation for 1988, 1990, 1995 and 1996 on a simulation tool (RAMSES). This model has been used extensively by the DEA for energy planning of the power sector for the last 10 years. The model produces a simplified system simulation, representing Denmark by one electricity and 28 district heating areas.

3: SOxNOx method.

The two system operators Elsam and Elkraft must every year before the first of May submit detailed information on SO2 and NOx emissions in their areas, subject to Danish law
. Included in this annual submission is a calculation of the I/E correction. 

The method used to produce this I/E correction (SOxNOx method) is a simulation as with the RAMSES method. Only the model used is not RAMSES but a simulation tool developed by the system operators.

The SOxNOx method is slightly more “realistic” than the RAMSES method, since planned and unplanned outages are not modelled but taken from actual operating records.

Comparison.

In the table below computed I/E corrections are compared using the three methods. For comparison, the total CO2 emission from the whole energy sector was a little more than 60 mill. tonnnes in 1988.

Year
Imports

TWh
Statistics

mill. t of CO2
RAMSES

mill. t of CO2
SOxNOx

mill. t of CO2

1988 
4.21
3.81 
3.83 
3.71

1990 
7.05
6.29 
6.30 
6.41

1995 
-0.79
-0.60 
-0.70 
-0.69

1996 
-15.40
-12.23 
-13.47 
-13.32

Net imports and I/E corrections in mill. tonnes of CO2.
Denmark imported electricity in 1988 and 1990, hence the I/E correction is positive. Denmark exported electricity in 1995 and 1996, hence the I/E correction for these years is negative.

Conclusion.

For 1988, 1990 and 1995 the three methods produce very similar results. This indicates that the statistics metod in spite of the flaws mentioned is useful at moderate I/E levels.

However for 1996 the statistics metod is unable to handle the large electricity export correctly. The more correct RAMSES and SOxNOx methods give a substantially higher I/E correction – the difference is 1.1-1.3 mill. tonnes of CO2. However, even in 1996 the RAMSES and SOxNOx methods (the simulation tools) are in fine agreement.

On this basis it has been chosen to use the SOxNOx method for the hole period since

· The method is more correct (physically and economically).

· It is based on annual submissions from the power companies subject to Danish law.

· The results from the annual SOxNOx submissions can be controlled with reasonable accuracy on the RAMSES model by the DEA.
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The Degree Day Factor

A registered fuel consumption for a specific sector, B, in a year with degree days G may be compared with the fuel consumption in a normal year with degree days Gn according to the following formula:

B = Bn ( (1-r) + Bn ( r ( (1-a) + Bn ( r ( a ( G/Gn = Bn ( (1-r ( a ( (1-G/Gn))

where

Bn = the total fuel consumption of the normal year

r = share of the normal year’s fuel consumption used for heating purposes

a = share of the normal year’s fuel consumption used for heating which is dependent on degree days

If the normal year’s fuel consumption is to be calculated as the product of the actual consumption multiplied by a degree day factor Fg, the following formula is used


Bn = B ( Fg

where


Fg = 1/(1- r ( a ( (1-G/Gn))

Degree Days

The Danish  Meteorological Institute (DMI) measures degree days. Degree days are published as an average of the measurements made by a number of selected observing stations. The used reference temperature is 17o C and the degree days are measured every day of the year.

The normal year excluding the summer period is calculated as the average of the period 1971-90. It has 3175 shadow degree days. Degree days in the summer period were not registered before 1987 and the average for the period 1987-1998 is 195, which results in a total normal year’s degree days of 3370. Table 1 shows the degree days for this period. 

Table 1

Shadow Degree Days from DMI


Period

Year
Winter
Summer
Total

1987
3509
336
3845

1988
3010
151
3161

1989
2736
190
2926

1990
2704
153
2857

1991
3074
210
3284

1992
2938
84
3022

1993
3152
282
3434

1994
2974
174
3148

1995
3142
155
3297

1996
3559
278
3837

1997
3153
83
3236

1998
2969
248
3217

1999
2881
175
3056

2000
2662
240
2902

Normal Year

3175
195
3370

The degree day correction is based on the assumption that only the fuel consumption for space heating depends on the outdoor temperature. Furthermore it is assumed that the fuel consumption for heating may be divided into two parts: one which is independent of the outdoor temperature and one which is directly proportional to the degree day figure. 

Consequently, for each sector and for each type of fuel a value has to be stated for r and a.

Based upon registrations and estimates, the following shares of the various types of fuels for heating and the stated degree day dependent shares are used. 

Table 2

Share for  heating (r)
Agriculture and Forestry
Horti-

culture
Fishing


Manu-facturing
Con-struction
Whole-sale 
Retail 
Private service
Public service

Gas works gas
0,00
0,00
0,00
0,20
0,00
0,00
0,00
1,00
1,00

District heating
0,00
1,00
0,00
0,50
0,00
0,90
1,00
1,00
1,00

Coal
1,00
1,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Brown coal 
1,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Cokes and foundry furnace cokes
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Petroleum
1,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Gas oil
0,80
1,00
0,00
0,50
1,00
0,70
0,90
0,80
1,00

Fuel oil
1,00
1,00
0,00
0,10
0,00
1,00
1,00
1,00
1,00

LPG 
1,00
1,00
0,00
0,10
0,00
0,20
0,40
0,20
0,20

Electricity
0,10
0,00
0,00
0,02
0,00
0,04
0,04
0,04
0,04

Crude oil cokes
1,00
1,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Orimulsion
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Natural gas 
1,00
1,00
0,00
0,20
1,00
0,70
1,00
0,90
1,00

Wood and waste wood
0,00
1,00
0,00
0,30
0,00
0,00
0,00
0,00
0,00

Straw
1,00
0,00
0,00
1,00
0,00
0,00
0,00
0,00
0,00

Waste
0,00
0,00
0,00
0,50
0,00
0,00
0,00
0,00
0,00

Biogas
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Refinery gas
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Table 3

Share dependent on degree days (a)
Agriculture and Forestry
Horti-

culture
Fishing


Manu-facturing
Con-struction
Whole-sale 
Retail 
Private service
Public service

Gas works gas
0,50
0,50
0,00
0,50
0,50
0,50
0,50
0,50
0,50

District heating
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Coal
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Brown coal 
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Cokes and foundry furnace cokes
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Petroleum
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Gas oil
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Fuel oil
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

LPG 
0,50
0,50
0,00
0,50
0,50
0,50
0,50
0,50
0,50

Electricity
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Crude oil cokes
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Orimulsion
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Natural gas 
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Wood and waste wood
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Straw
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Waste
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Biogas
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Refinery gas
0,50
0,90
0,00
0,50
0,50
0,65
0,65
0,65
0,65

Table 4

Single-family houses and multi-storey buildings
Share for heating (r)
Share dependent on heating (a)

LPG
**
0,65

Petroleum
1,00
0,65

Gas/diesel oil
1,00
0,65

Fuel oil
1,00
0,65

Petroleum coke
1,00
0,65

Natural gas
1,00
0,65

Other coal
1,00
0,65

Cokes
1,00
0,65

Brown coal
1,00
0,65

Solar heating
1,00
0,00

Straw
1,00
0,65

Wood
1,00
0,65

Wood chips
1,00
0,65

Wood pellets
1,00
0,65

Biogas
1,00
0,65

Heat pumps
1,00
0,00

Electricity
**
0,65

District heating
1,00
0,65

Town gas
**
0,65

** Varies each year, cf. Table 5.

Table 5 

Share for heating (r)


Single-family houses
Multi-storey buildings

Year
Electricity
LPG and town gas
Electricity
LPG and town gas

1990
0,28
0,76
0,14
0,71

1991
0,29
0,76
0,15
0,71

1992
0,28
0,76
0,14
0,71

1993
0,29
0,76
0,15
0,71

1994
0,28
0,76
0,14
0,71

1995
0,28
0,76
0,14
0,71

1996
0,29
0,76
0,14
0,71

1997
0,26
0,76
0,13
0,71

1998
0,26
0,76
0,12
0,71

1999
0,25
0.76
0,12
0,71

2000
0,23
0,76
0,11
0,71

� The fuel consumption for heat in central CHP plants was calculated using a marginal heat efficiency (currently around 256%). The fuel consumption for heat in small-scale decentralised CHP plants was calculated using a pro rata principle.


� Government order no. 885 of 18 December 1991 by the Environmental Protection Agency under the Environmental Protection Act.


� The normal year winter period is the average of the period 1971-90. The normal year summer period is the average of the period 1987-98 due to lack of data. These two put together constitute the total degree days of the normal year.
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