
1

Appendix A – Calculations

General

This section details the considerations and calculations used to arrive at the EROEIe for each technology and other details. 

One important factor is the efficiency of energy conversion from thermal to electrical energy, approximately a 1:3 ratio (in the 
wind case 1:1 is used) and capacity factor based on the likely use of the plant type, or in the case of wind and solar PV, the 
availability of the fuel (wind and sunlight) on both a short term (minutes) and longer term (hours and days) basis.

Investments assume additions each year of sufficient electrical energy output to offset the effects of growth in demand and plant 
retirement, the electricity production gap shown in Table 2. The analysis amortizes the investment in energy terms for new 
generation infrastructure over the lifetime of the asset. In reality, some investments will be front-loaded as Murphy shows, but 
this approach is not used for reasons of simplification.

Year 1 plants are implemented at the end of year 0, and so on. This ignores the multi-year implementation periods required by all 
plant types, including the permitting process, so an inherent assumption is that the implementation process has already been 
started before year 0, and this applies in each subsequent year. Plant lead times can be taken as reported by1n the DOE/EIA. This 
emphasizes the importance of making the proper choices at the earliest possible time. If year 0 is taken to be 2012, we are 
already late. 

The analysis is performed on the basis of a year one demand of 1 TWh, and an increase in demand of 2% per year and plant 
retirement of 2% per year compounded. The inherent assumption is that reasonable expectations in energy efficiency 
improvements and conservation efforts are already included in these numbers. This approach will allow easy scaling to a specific 
jurisdiction’s existing electricity production to meet demand. For example, in 2010 the US the annual electricity demand was over 
4,000 TWh. Of course, significant deviations from these trends in growth in demand or existing plant retirement would require 
adjustments. 

Existing Plant Considerations

The first consideration is the capacity represented by the existing plants in year 0. A typical capacity factor for a generation fleet 
of plants is about 50%. In 2010 the U.S plant fleet had a capacity factor of slightly less than this.2 Do not be surprised by the 50% 
overall capacity factor of the existing plants. Remember amongst other considerations that this includes a capacity of 20% for 
reserves which in effect has a capacity factor of 0%. In year 0 the following capacity is required:

Year 0 capacity = 1.0 (TWh) x 1,000,000 (convert to MWh) / 8,760 (hours per year) / 50% (CF) = 228 MW

Of which 20% is reserve. Therefore:

Reserve capacity in year 0 = 228 (MW) x 20% = 46 MW
Capacity of plants used in production in year 0 = 228 – 46 = 182 MW
Therefore the CF of “production” plants in year 0 = 1.0 (TWh) x 106 (convert to MWh) / {182 (MW) x 8760 (hours per 
year)} = 63%. 

The question that might be asked is: with this “unused” capacity available, can growth be met by running existing plants at higher 
CFs? Remember the CF of plants used in non-base load generation is low because they are called upon for intermediate and 
peaking requirements and significantly increasing their production may not be feasible from an economic (simple cycle gas 
turbine plants) or operational point of view (e.g. some hydro plants). Further at peak loads all plants are in operation, at 
maximum capacity (obviously ignoring the reserve plants). At other times many are not at full capacity or not in operation at all. 
Could they not be used in these periods? To do so would jeopardize their availability when needed for their primary roles of 
meeting intermediate and peaking demand. This consideration also applies to reserve plants. Admittedly this is a complex subject 
and reliability of electricity supply must be taken into account. A reasonable assumption is that new plants must be implemented 
to meet growth in demand and replace retired plant production.
                                                                   

1 DOE/EIA (2012). “Electricity Market Module” http://www.eia.gov/forecasts/aeo/assumptions/pdf/electricity.pdf Table 8.2.
2 CFs are calculated from the DOE/EIA (2012) publication, “Electric Power Annual 2011” http://205.254.135.7/electricity/annual/ 
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Looking at year 12, and assuming the same overall CF of 50%, yields a year 12 capacity of:

Year 12 capacity = 1.26 (TWh) x 1,000,000 (convert to MWh) / 8,760 (hours per year) / 50% (CF) = 288 MW
Reserve capacity in year 0 = 288 (MW) x 20% = 58 MW
Capacity of plants used in production in year 12 = 288 – 58 = 230 MW

Assuming the CF of 63% holds for the existing plants:

Old plant capacity in year 12 = 0.76 (TWh) x 1,000,000 (convert to MWh) / 8,760 (hours per year) / 63% (CF) = 137 MW

These calculations are based on the assumptions that the year 12 portfolio CF profile is the same as year 0, which is a reasonable 
expectation. Some of the scenarios, coal and nuclear, involve high capacity factors for the new plants, which would distort this. 
This is why the total plant capacities in Table 4 are about 15% lower than 230 MW. If these simply replace existing base load 
plants then this is a reasonable, but somewhat unlikely situation. In all the other scenarios new gas plants are involved, which are 
made up of both CCGT and GT plants to arrive at the CF used, providing a range of base load, intermediate and peaking plants. 
The gas plant scenario produces a total capacity of 229 MW in year 12, matching the separately calculated profile above.

So a total plant capacity, but excluding reserve considerations of 230 MW, is useful capacity value as the baseline for comparison 
purposes.

Considerations of New Renewable Electricity Generation

Modern electricity systems are based on the steady, reliable supply of electricity as needed and in the amount required, and at 
economic cost. It is fundamental to all societies needs including: health and medical care, education; strong economies to 
provide secure, rewarding futures; emergency services; communications, transportation; and financial services (add to this list 
whatever is important to you and it will qualify). Societies in developed countries depend on such electricity services for their 
present and future well-being. Developing and undeveloped countries require the same access to this in order to be able to 
supply the same benefits to their citizens. It is hard to imagine a secure, peaceful world without this energy form.

This analysis might appear to treat electricity production from unreliable random new renewable sources, especially wind and 
solar, aggregated over a year, as equivalent to the same electricity production from steady, reliable sources, which would not be 
valid. The equal treatment of all sources by the methodology used here is made possible by the inclusion of the necessary 
balancing generation resources. As will be shown, wind plants require the support of fast responding, reliable generation plants 
to balance their persistent variability. As we have seen there is considerable capacity available within the existing plants on an 
annual average basis. This capacity is required in total to meet peak demands and reserve requirements and cannot be used in 
other roles, without jeopardizing their availability for their intended use. More detail can be found in my “Wind is not Power at 
All” series.3

There is another consideration with respect to wind. Wind production is often highest at night when considerable available 
capacity exists in plants that are used during the day to meet the higher demand. However it must be remembered that base 
load plants are those that are operating at night, at capacity, and can to some degree be used to balance wind. This however is 
not easily done and is not without consequences, including costs.4 Introducing other more responsive plants to balance wind 
would require lowering production in base load plants, with much the same consequences, including payments to base load 
plants deprived of reasonably expected production at such times, as reflected in electricity pricing markets. The alternative to 
this, and more frequently turned to as wind penetration increases, is curtailment of wind production, which can result in 
payments to wind plant operators for production not taken.5

                                                                   

3 Hawkins, Kent (2010). “Wind is not Power at All” http://www.masterresource.org/2010/09/wind-not-power-i/ . See also Parts II 
and III referenced.
4 Palmer, Bill (2012). “Windpower case study in Ontario” http://www.masterresource.org/2012/02/ontario-windpower-case-
study-i/
5 Newspaper report, The Telegraph (2010). “Wind farm paid £1.2 million to produce no electricity”.  
http://www.telegraph.co.uk/earth/energy/windpower/8770937/Wind-farm-paid-1.2-million-to-produce-no-electricity.html
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Fuel Energy Considerations

This analysis may appear to not take into account the fuel provision aspects of the EI. In effect it does so in the use of full 
levelized costs, which includes the cost of fuels. 

Closer examination will show that it is not a simple matter that even if a MWh of wind displaces a MWh of fossil fuel plant 
electricity production, the associated fuel consumption, or emissions, is not in proportion. As the fossil fuel plants used to 
balance wind will be operating inefficiently, by (1) perhaps being run at less than optimum output for periods of time and (2) the 
need to ramp output up and down to balance wind’s persistent short term variability, they will be consuming more fuel per MWh 
than in normal steady operations to meet the same demand without wind. This is much like that experienced by any fossil fuel 
plants in a frequency regulation role responding to normal short term demand variation. Both variations are measured in terms 
of minutes and are fairly random series of events, which combine to produce a new random result with a greater range. In effect, 
wind creates a significantly greater frequency regulation requirement, which increases with increases in wind penetration, even 
when periods where one offsets the other are included.

It has not been proven conclusively what the actual impact on fossil fuel consumption is in such a role, but it appears to be that 
the fuel consumption exceeds that which would have occurred if the fossil fuel plant were left to operate steadily in an optimum 
capacity mode.6 Assumptions are made in this connection in the calculation of CO2 emissions savings for each scenario.

Natural Gas Plants

Infrastructure investment EROEI is taken to be 20:1, the low end of the range. This represents a 2 year upfront investment in each 
year where capacity is added, based on a 40 year plant life, but as already indicated, in this analysis it is amortized over the plant 
lifetime.

The following sample calculations relate to year 1 to make it easier to follow. The growth in demand is 0.02 TWh and plant 
retirement is equivalent to 0.02 TWh requiring 0.04 TWh in production from new units. As already indicated, this is misleading, 
sometimes significantly so, depending on the energy source of the new plants. 

Assuming a plant life of 40 years, a capacity factor (CF) of 60% and an efficiency of 40% for new plants results in the following 
EROEIe:

EROEIe = 20 (EROEI ) x 60% (CF) x 40% (thermal efficiency) = 4.8 (or 4.8:1)

Some might see the CF as being high for past experience with gas plants. For the entire US plant fleet in 2010 the CFs were 28% 
for gas plants and 67% for coal.7 This higher CF may be reasonable if the new gas plants are operating more in a base load role 
(e.g. replacing coal plants in that role) and improved efficiencies make them more feasible to be operated for longer periods. It is 
also approximately the average between new conventional combined cycle and combustion turbine gas plant as reported by the 
DOE/EIA.8 So a mix is thereby assumed.

The electrical energy equivalent (EIe) that must be amortized each year is:

EIe = 0.04 (TWh) / 4.8 = 0.008 TWh

                                                                   

6 Le Pair, C. (2011). “Electricity in the Netherlands – Wind turbines increase fossil fuel consumption and CO2 emission”. See 
Section 4.a. under the headed “Cycling”. This is based on information from KEMA, an international energy consulting company
(http://www.kema.com/Default.aspx ). This is also mentioned in a KEMA paper, “Emissions Comparison for a 20 MW Flywheel-
based Frequency Regulation Power Plant”.   
http://www.beaconpower.com/files/KEMA_Report_Emissions_Comparisons_July_%202007.pdf Note 1 and related 
text reference another related KEMA research. I was unsuccessful in obtaining a copy of this study from KEMA. 
7 As before, CFs are calculated from the DOE/EIA (2012) publication, “Electric Power Annual 2011” 
http://205.254.135.7/electricity/annual/ 
8 DOE/EIA (2010) publication, “Levelized Cost of New Generation Resources in the Annual Energy Outlook 2011
http://205.254.135.24/oiaf/aeo/electricity_generation.html
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However some of this energy will be in a form other than electrical. Assuming this is 50%, the extra burden on the electricity 
system is:

EIe (attributed to electrical energy input) = 0.008 (TWh) x 50% = 0.004 TWh

This means that in order to meet the demand, in year one, for example, 0.044 TWh (0.040 + 0.004) is required, not the 0.040 
TWh that the simple calculation shows. 

At this level, the EIe component could come from increased production from existing plants, or the new plants. Note, where 
higher EIe components are experienced, for example in the wind case, that increasing production from new wind plants is not an 
option as increasing production is limited by the availability of wind, which is outside of human control. 

Figure 1 shows the effect of the EIe component over the 12 year period.

Figure 1 – Projected demand and electrical energy available to meet the demand after deducting the electrical energy 
investment for the new infrastructure (including fuel availability and plant construction) for gas plants added to meet the 
electricity production gap.

Now, shift the time frame to year 12 and the following chart shows this year’s production and the new plant capacities required. 
It assumes the EIe component is obtained from the existing plant fleet or through increasing the CF of the new plants. [change EI 
to EIe in diagram]
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Figure X – Year 12 new plant electricity production and capacity. The remaining old plant capacity at 63% capacity factor (i.e net or reserves)
is 141 MW for a total of 233 MW to supply 1.26 TWh.

Table X shows the variation in gas plant capacity depending upon capacity factor.

Table X – Gas Plant Capacities for a Range of CFs

Electricity
Production 

(TWh)
Capacity Factor (CF) Natural Gas Plant 

Capacity (MW)

0.48 70% 79
0.48 60% 92
0.48 50% 110

Over the 40 year life of the gas plants installed in year 12, the electricity production can be summarized as follows:

Year 12 Electricity Production 
(TWh)

40 Year Electricity Production 
(TWh)

0.48 19.2
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Wind Plants

Two cases for wind are analyzed. This one assumes that wind production is used to fill the electricity production gap. The second, 
in the next section, more realistically assumes that a combination of wind and gas is used. Both show large EIe shortfalls.

The natural gas plant analysis applies, but there are additional considerations. First of all the plant life is not 40 years: 15 years is 
a more reasonable expectation. This means that the EROEI in Table 1 should be restated as:

EROEI = 20 (EROEI) x 15 (realistic plant life) / 40 (EROEI assumed plant life) = 7.5 (or 7.5:1)

The grid changes unique to wind are substantial, with a required monetary investment of about the same order of magnitude as 
the wind plants, which would suggest a similar energy investment as wind. For the purposes of this analysis, such grid changes 
are assumed, perhaps conservatively, to require one-half of the energy investment in years as wind plants, the wind EROEI is 
burdened by this one year of energy investment per year. This aspect requires further refinement, but the results should still be 
indicative.

As well in the case of wind, redundant capacity is required to balance its persistent, random variability and provide steady, 
reliable electricity output, which modern and developing societies must have. This is therefore an additional burden on the wind 
investment. On a capacity basis this balancing generation approaches the full wind capacity as wind penetration grows. As 
already indicated, for wind penetrations in energy terms of 8% this exceeds 90% of wind capacity. For simplicity, and in 
consideration of the substantial wind plant implementations projected, 100% will be used. [not true? – do not use 100%??]

However, there are times when wind production is very low (or zero) and relatively docile, so the wind balancing plants will be 
operating as if wind plants were not installed. There is also the case that, even when there is some notable wind production, 
from time to time, some of these redundant plants are still able to operate as if wind was not present. Nevertheless, this gas 
plant capacity must be considered as fully redundant, and the energy investment should be added as a burden to the wind 
investment. The fact that these gas plants are needed even without wind is not the issue. The issue is the inescapable need for 
redundant investment because of the nature of wind production.

Table X shows the new wind plant EROEI.

Table X

Plant Life 
(years)

Years of Energy 
Investment

EROEI

Wind 15 2 7.5
Grid burden 1
Gas plant investment burden 2
Total 15 5 3.0

For a 30% CF for wind and no thermal efficiency considerations the EROEIe is:

EROEIe = 3.0 x 30% (CF) x 100% (thermal efficiency) = 0.9 (or 0.9:1)

The amortized electrical energy equivalent that must be invested each year EIe is:

EIe = 0.04 (TWh) / 0.9 (EROEIe) = 0.044 TWh

However some of this energy will be in other than electrical. Assuming this is 50%, the extra burden on the electricity system is 
reduced to:

EIe (attributed to electrical energy input) = 0.044 (TWh) x 50% = 0.022 TWh

This means that in order to meet the demand, in the first year, 0.066 TWh (0.040 + 0.22) is required not the 0.040 TWh that the 
simple calculation shows.
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In year 12, the analysis shows

EIe = 0.48 (TWh) / 0.9 (EROEIe) = 0.53 TWh

However some of this energy will be in other than electrical. Assuming this is 50%, the extra burden on the electricity system is 
reduced to:

EIe (attributed to electrical energy input) = 0.53 (TWh) x 50% = 0.27 TWh

Therefore new gas plant production must make up this 0.27 TWh shortfall, and the electricity production gap profile looks as 
shown in the following table:

TWh Comments
Demand
- Electricity Production Gap 0.48
- Combined Wind and Gas EIe 0.27
- Total 0.75
Production
- Wind 0.48
- Gas 0.27 Gas must make up the difference
- Total 0.75

Over the 40 year period used as the basis for assessment of the plants installed in year 12 (used elsewher, the electricity 
production can be summarized as follows:

40 Year Electricity Production (TWh)
Plant Type Year 12 Electricity 

Production (TWh) Wind Plant Life of 15 
Years

Years 16-40 40 Year Total

Wind 0.48 7.2
If not replaced – 0

If replaced 12.0
If wind not replaced – 7.2

If replaced 19.2

Gas 0.27 4.1
If wind not replaced – 0

If wind replaced 6.8
If wind not replaced – 4.1

If replaced 10.9

This may understate the gas plant production needed but adheres to the analysis used.

In the unrealistic case of using wind to meet the gap, the shortfall in electrical energy to meet demand is shown in Figure 2. Wind 
just maintains the year 0 level.

Figure 2 – Projected demand and electrical energy available to meet the demand after deducting the electrical energy 
investment for the new infrastructure (including fuel availability and plant construction) for wind plants added to meet the 
electricity generation gap.
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Note that the wind capacity required is remarkably large.

Wind capacity = 0.48 (TWh) x 106 (converting MWh) / 8760 (hours per year) / 30% (CF) = 184 MW

Figure X –Year 12 new plant electricity production and capacity. The remaining old plant capacity at 63% capacity factor is 141 MW for a 
total of 504 MW to supply 1.26 TWh.

The expected annualized average for wind production includes periods of higher and lower production, including the full range 
from 0 to 184 MW periods of production. For periods in excess of the annualized average, two possibilities are: (1) most likely 
wind curtailment or dumping, and (2) some variation of existing plant output where feasible. As the wind production could reach 
a peak rate of 184 MWh/h, this would swamp the existing plant capability to respond.

The determination of gas plant capacity to ensure supply of the annualized average of wind plant production is a bit complex. At 
a minimum, gas plants must provide the new wind plant EI component of 0.27 TWh. At a 60% capacity factor this would require 
51 MW. Another contributing factor is gas plant capacity may be required to completely compensate for periods of little or no 
wind conditions, and wind balancing in between, which could be provided for by using a lower CF than 60%. Using a gas plant CF 
of 50% to meet the wind plant EI component and some contribution to low/no wind periods requires 62 MW of gas plant 
capacity. This may still be conservative but existing plants should be able to assist in meeting periods of both erratic behavior, 
and failure, in wind production.

Gas plant capacity = 0.27(TWh) x 106 (converting MWh) / 8760 (hours per year) / 50% (CF) = 62 MW

The expected annualized average for wind production includes periods of higher and lower production, including the full range 
from 0 to 184 MW periods of production. For periods in excess of the annualized average, two possibilities are: (1) most likely 
wind curtailment or some form of dumping, and (2) some variation of existing plant output where feasible. As the wind 
production could reach a peak rate of 184 MWh/h, this would swamp the existing plant capability to respond.

For periods when the wind production falls below the annualized average of 0.48 TWh it is assumed the difference in the gas 
plant capacity from 51 to 62 MW provides the wind balancing TWh component which is:
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Wind balancing TWh assumed = 11 MW x 8,760 (converting to annual production) = 96,360 MWh annually or 0.1 TWh

The levelized cost of this production due to wind balancing inefficiencies = 58 (normal operation levelized cost $/MWh) + 24 
(effect of inefficient operation $/MWh) = $82/MWh

See Wind/Natural Gas option next for development of the $24/MWh.

For many reasons, this is the least feasible strategy option.
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Combination of Wind and Natural Gas Plants

From a EROEI consideration, combining wind and gas plants to meet the electricity production gap is more feasible than using 
wind alone. Of course we have seen that using wind alone for this results in having to add gas plants as well.

A reasonable mix from an energy point of view to meet the electricity production gap in year 12 of 0.48 TWh is 30% wind and 
70% natural gas plants, because of wind’s assumed CF of 30%. The following calculations for year 1 follow the previous analysis.

The electrical energy equivalent that must be invested EIe for wind is:

EIe = 30% x 0.48 (TWh) / 0.9 (EROEIe) = 0.16 TWh

However some of this energy will be in other than electrical. Assuming this is 50%, the extra burden on the electricity system is 
reduced to:

EIe (attributed to electrical energy) = 0.16 (TWh) x 50% = 0.08 TWh

For the gas plant component the following is the EIe

EIe = 70% x .48 (TWh) / 4.8 (EROEIe) = 0.07 TWh (or for that attributable to electrical energy, 50% x 0.07 = 0.035 TWh)

The combined EIe is = 0.08 + 0.035 = 0.115 TWh

Therefore new gas plant production must make up this 0.12 TWh shortfall, and the electricity production gap profile looks as 
shown in the following table

TWh Comments
Demand
- Electricity Production Gap 0.48
- Combined Wind and Gas EIe 0.12
- Total 0.60
Production
- Wind 0.14
- Gas 0.46 Gas must make up the difference
- Total 0.60

Over the 40 year period used as the basis for assessment of the plants installed in year 12 (used elsewhere, the electricity 
production can be summarized as follows:

40 Year Electricity Production (TWh)
Plant Type Year 12 Electricity 

Production (TWh) Wind Plant Life 
of 15 Years Years 16-40 40 Year Total

Wind 0.14 2.2 If not replaced – 0
If replaced 3.5

If not replaced – 2.2
If replaced 5.7

Gas
0.46

(Load 0.34
EIe 0.12)

6.9
If wind not replaced 

– 0
If wind replaced 11.5

If wind not replaced –
6.9

If replaced 18.4

The gas plant capacity would have to be enough to produce 0.46 TWh at a 60% capacity factor.

Gas plant capacity = 0.46 (TWh) x 106 (convert to MWh) / 8,760 (hours per year) / 60% (CF) = 88 MW

The wind plant capacity can be simply calculated as follows:
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Wind plant capacity = 30% (wind share) 0.48 (TWh) x 106 (convert to MWh) / 8760 (hours per year) / 30% (CF) = 55 MW

Figure X shows graphically the year 12 situation. [needs to be fixed in light of above]

Figure X -

An interesting observation is that less redundant gas plant capacity is required than the case where wind alone is supplying the 
electricity production gap. This is because in that case gas plants are supplying the wind EIe component only.

An important consideration is loss of efficiency of the gas plants in wind balancing operations. This goes beyond gas plant start-
up/shut-down when wind production changes significantly. What also must be considered is the minute by minute erratic 
behavior as experienced in frequency regulation operations. Wind presence increases the frequency regulation requirements 
normal for short term load balancing in increasing amounts as wind penetration grows. Fairly small penetrations require 
significant increases in frequency regulation activity. As described elsewhere this has not been conclusively proven.

The basis for the assumption here is that the increase in fuel consumption in frequency regulation operation is the fuel 
requirements for the frequency regulation plants operating at steady normal levels of electricity production versus the fuel 
consumption rate per MWh at the normal rates but at reduced MWh output. In other words in frequency regulation mode the 
gas plants consume as much fuel as a plant running at normal full load, due to the efficiency loss involved. Maintenance costs will 
be increased as well. For ease of calculations in Part III, the levelized O&M costs for gas plants will be increased accordingly. Here 
is a sample calculation for the Wind/Natural Gas scenario, for the first 15 years.

Total cost to address the load without wind: 

Normal operations cost = 58 (levelized O&M cost in $/MWh) x 7.2 (TWh) x 106 (convert to MWh) = $417,600,000 = $418 
million

Total cost at lower production, mirroring wind but ignoring reduced efficiency:
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Wind balancing cost ignoring inefficiency = 58 (levelized O&M cost in $/MWh) x 5.1 (TWh) x 106 (convert to MWh) = 
$295,800,000 = $296 million

Additional O&M cost due to wind balancing operation:

Additional O&M cost = 418 – 296 ($millions) = $122 million

This additional cost equates to an effective O&M rate of:

Effective O&M rate for wind balancing = {122 ($million) x 106 (convert to dollars)} / {5.1 (TWh) x 106 (convert to MWh) = 
$24/MWh
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Coal

Infrastructure investment EROEI is taken to be 50:1, the low end of the range. This represents a 0.8 year upfront investment in 
each year where capacity is added, but as already indicated, in this analysis this is amortized over the plant lifetime.

The following sample calculations relate to year 1. The growth in demand is 0.02 TWh and plant retirement is 0.02 TWh requiring 
0.04 TWh in production from new units. As already indicated, this is misleading, sometimes significantly so, depending on the 
energy source of the new plants. 

Assuming a plant life of 40 years, a capacity factor (CF) of 85% and an efficiency of 40% for new plants results in the following 
EROEIe:

EROEIe = 50 (EROEI ) x 85% (CF) x 40% (efficiency) = 17 (or 17:1)

The electrical energy equivalent that must be amortized each year EIe is:

EIe = 0.04 (TWh) / 17 = 0.002 TWh

However some of this energy will be in a form other than electrical. Assuming this is 50%, the extra burden on the electricity 
system is:

EIe = 0.002 (TWh) x 50% = 0.001 TWh

As already noted, the additional annual burden of fuel energy consumed is ignored throughout this analysis for simplicity. 

Figure 1 – Projected demand and electrical energy available to meet the demand after deducting the electrical energy 
investment for the new infrastructure (including fuel availability and plant construction) for gas plants added to meet the 
electricity production gap.

Now, shift the time frame to year 12 and the following chart shows this year’s production and the new plant capacities required. 
It assumes the EI component is obtained from the existing plant fleet or through increasing the CF of the new plants.

New coal plant capacity = 0.48 (TWh) x 1,000,000 (convert to MWh) / 8,760 (hours per year) / 85% (CF) = 65 MW

Figure X shows

Figure X – Year 12 new plant electricity production and capacity. The remaining old plant capacity at 63% capacity factor is 141 MW for a 
total of 206 MW to supply 1.26 TWh.
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Nuclear

Infrastructure investment EROEI is taken to be 15:1, the low end of the range. This represents a 2.7 year upfront investment in 
each year where capacity is added, but as already indicated, in this analysis this is amortized over the plant lifetime.

The following sample calculations relate to year 1. The growth in demand is 0.02 TWh and plant retirement is 0.02 TWh requiring 
0.04 TWh in production from new units. As already indicated, this is misleading, sometimes significantly so, depending on the 
energy source of the new plants. 

Assuming a plant life of 40 years, a capacity factor (CF) of 90% and an efficiency of 40% for new plants results in the following 
EROEIe:

EROEIe = 15 (EROEI ) x 90% (CF) x 40% (efficiency) = 5.4 (or 5.4:1)

The electrical energy equivalent that must be amortized each year EIe is:

EIe = 0.04 (TWh) / 5.4 = 0.007 TWh

However some of this energy will be in a form other than electrical. Assuming this is 50%, the extra burden on the electricity 
system is:

EIe = 0.007 (TWh) x 50% = 0.0035 TWh

Figure 1 – Projected demand and electrical energy available to meet the demand after deducting the electrical energy 
investment for the new infrastructure (including fuel availability and plant construction) for gas plants added to meet the 
electricity production gap.

Now, shift the time frame to year 12 and the following chart shows this year’s production and the new plant capacities required. 
It assumes the EI component is obtained from the existing plant fleet or through increasing the CF of the new plants.

New nuclear plant capacity = 0.48 (TWh) x 1,000,000 (convert to MWh) / 8,760 (hours per year) / 90% (CF) = 61 MW

Figure X shows

Figure X – Year 12 new plant electricity production and capacity. The remaining old plant capacity at 63% capacity factor is 141 MW for a 
total of 202 MW to supply 1.26 TWh.


