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Abstract 

The forty world scenarios in the Special Report on Emissions Scenarios (SRES) by IPCC Working 
Group III (WG III) were examined in detail.   

The investigation found that the accounting method used to record the primary energy equivalent 
of renewable secondary energy as electricity in the WG III scenarios was different than that used 
by the Energy Information Administration (EIA).  For example, as explained on SRES page 221, 
solar electricity in the WG III scenarios is recorded on a one for one basis as primary energy, rather 
than about three to one.   

The three methods of defining primary energy used in Climate Change 2001: Mitigation (CC2M) 
and the SRES allow the lower end of the range of renewable primary electricity of 185 EJ/yr to be 
recorded as 185 EJ/yr (WG III), 565 EJ/yr (EIA) and 1,760 EJ/yr (Glossary of Terms, i.e., physical 
units), and the upper end of the range of 302 EJ/yr to be recorded as 302, 922 and 3,020 EJ/yr.   

Regardless of the method of accounting for renewable electricity, renewable energies contribute, 
on average, not more than 16% to 30% of world primary energy demand of the SRES forty world 
scenarios in 2100, and could be significantly less.  
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Executive Summary  

The forty world scenarios in the Special Report on Emissions Scenarios (SRES) prepared by IPCC 
Working Group III (WG III) were examined in detail.  During the examination it was not possible 
to reconcile the primary energy with the final energy in any of the forty world scenarios.   

In the process of the investigation it was found that the accounting method used to record the 
primary energy equivalent of renewable secondary energy as electricity in the WG III scenarios 
was different than that used by the Energy Information Administration (EIA).  For example, as 
explained on SRES page 221, solar electricity in the WG III scenarios is recorded on a one for one 
basis as primary energy, rather than about three to one.   

Table 1 is a comparison of the three methods of accounting for renewable electricity as primary 
energy used in Climate Change 2001: Mitigation and the Special Report on Emissions Scenarios, 
i.e., physical primary energy, the Energy Information Administration (EIA) method and the WG III 
method.  The primary energy to provide the 185 EJ/yr to 302 EJ/yr of world renewable electricity 
estimated on the basis of land availability assumptions contained in IPCC WG III (2001) Ch.3 
varies depending on the accounting method used.  The 185 EJ/yr can be recorded as 185 EJ/yr 
(WG III), 565 EJ/yr (EIA) and 1,760 EJ/yr (Glossary).  Similarly, 302 EJ/yr can be recorded as 
302, 922 and 3,020 EJ/yr of primary energy. 

The SRES accounting methodology was adopted by the SRES writing team “to assure 
comparability of model results”.  However, any method applied consistently provides 
comparability.  Using the accounting factor of the EIA would make the SRES scenarios 
comparable with the IS92 series of scenarios.   

When the primary energy of the SRES scenarios is converted to the same primary energy 
accounting method as IS92a, that of the EIA, all but six our of forty SRES have more primary 
energy than IS92a. 

Regardless of the method of accounting for renewable electricity, renewable energies contribute, 
on average, not more than 16% to 30% of world primary energy demand of the SRES forty world 
scenarios in 2100, and it could be considerably less.  

The Glossary of Terms in the SRES does not contain the definition of the accounting method for 
recording renewable electricity as primary energy which is given in the SRES on page 221. 
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1  Introduction 

The argument that new sources of energy are needed if anthropogenically induced global change is 
to be averted was initially presented as a McGill Centre for Climate and Global Change Research 
(C2GCR) Report 92-6(1) in 1992.  It has since appeared in subsequent articles and presentations. 

C2GCR report 2002-5, “An assessment of IPCC Working Group III findings of the potential 
contribution of renewable energies to atmospheric carbon dioxide stabilization” showed that 
renewable energies could displace not more than 18% to 29% of world energy demand in 2100 as 
in IPCC scenario IS92a.  

The renewable energies solar, wind and biomass are dilute, require very large amounts of land, and 
are just not available in sufficient quantities to support the following statement on page 8 of 
Climate Change 2001: Mitigation(2) by the Intergovernmental Panel on Climate Change Working 
Group III (IPCC WG III): 

“…known technological options could achieve a broad range of atmospheric carbon 
dioxide stabilization levels, such as 550 ppmv, 450 ppmv or below over the next 100 
years or more, but implementation would require associated socio-economic and 
institutional changes.” 

Further, it appeared from a presentation by representatives of IPCC W G III to CoP6”(3) 

(Appendix E) that WG III was relying heavily on the renewable energies, solar, wind, hydro and 
biomass, to provide the carbon-emissions-free energy that would allow stabilization of carbon 
dioxide in the atmosphere. 

The question then is, “Why would there be such a wide variance in conclusions from what should 
be the same data base?”  This question was asked in C2GCR report 2002-5, but was not answered.  
This report may contain a plausible answer. 

2  Three methods of accounting for renewable and nuclear electricity as primary 
energy 

Renewable primary energies have such a wide variety of conversion rates to secondary energy that 
they cannot be compared directly but must be compared through the secondary energy they 
produce.  For example, 1 EJ/yr of secondary energy as electricity requires 13.3 EJ/yr of sunlight, 
3.3 EJ/yr of wind power or 1.18 EJ/yr of hydropower.(4)  These figures are given in Column B of 
Table 1, and are based on using the “physical units”, definition of primary energy as given in the 
Glossary of Terms in Climate Change 2001: Mitigation (CC2M) and the Special Report on 
Emissions Scenarios (SRES).  

The wide variations in renewable primary energy to produce 1 EJ/yr of electricity cause distortions 
in the reporting of primary energy such that valid comparisons between primary energy consumed 
year to year, between countries, etc. are impossible.  The most common method of minimizing 
these distortions is to consider that electricity generated by renewable sources was generated by 
fossil fuels in steam-electric stations.  This is the method used by the Energy Information 
Administration (EIA) and the International Energy Agency (IEA).  
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During our investigation of the scenarios in the Special Report on Emissions Scenarios (SRES), we 
could not reconcile the primary energy with the final energy.  In the process of trying to do so, the 
method used in the SRES to account for renewable and nuclear electricity as primary energy was 
discovered.  It is on page 221 of the SRES and gives primary energy values for electricity from 
renewable and nuclear sources which are about one third of those reported by the EIA.  See 
Appendix A for more details.  

Briefly, the definition of primary energy to generate solar electricity can be interpreted as “…when 
13.3 EJ/yr(a) of renewable primary solar energy, i.e., sunlight, produces 1 EJ/yr of secondary 
renewable energy as electricity (Table 1, Column B), that 1 EJ/yr of secondary energy as electricity 
is reported in the WG III emissions scenarios as 1 EJ/yr of primary energy.”  This concept applies 
to electricity from all renewable energies and from nuclear energy in the WG III scenarios.  In 
contrast, the EIA method would report 3.05 EJ/yr for the same 1 EJ/yr of electricity. 

Table 1  Linking physical primary energy to primary energy by the 
WG III accounting method and the EIA accounting method 

  The physical relationship 
between primary renewable 

energy and electricity 

Two different methods of accounting 
for primary renewable energy for the 

production of electricity 
 A B 

 
 
 

Physical 
primary 

energy units 
to provide 
renewable 

electricity of 
1 EJ/yr 

C 
 
 
 
 
 
 
 

Renewable 
electricity 
of 1 EJ/yr 

D 
Primary energy by 

the fossil fuel 
equivalent 

accounting factor 
applied per 1 EJ/yr 

of renewable 
electricity used by  

the Energy 
Information 

Administration  

E 
 

Primary energy 
accounting factor 

applied per 1 EJ/yr 
of renewable 

electricity used by 
the IPCC 

WG III in the 
scenarios in the 

SRES 
1 Solar  13.3 1 3.05(5) 1 
2 Hydro 1.18 1 3.05(5) 1 
3 Wind 3.33 1 3.05(5) 1 
4 Nuclear 3 1 3.05(5) 1 
5 The range of renewable electricity available world wide is 185 EJ/yr to 302 EJ/yr(b). 

The  primary energy recorded for this electricity from renewable sources is: 
6 Lower end 1,760(6) 185 565 185 
7 Upper end 3,020(6) 302 922 302 

Table 1 shows the difference in the amount of renewable primary energy reported for 1 EJ/yr of 
renewable electricity produced for the three methods of accounting for renewable primary energy 
which appear in CC2M and the SRES(7). 

                                                 
a  13.3 EJ/yr is the amount of sunlight falling on a given piece of land to produce 1 EJ/yr of electricity from 
photovoltaic cells at 15% efficiency and an average land to collector ratio of two.   
b  See Table 11 of C2GCR report 2002-5, which has been reproduced in this report in Appendix F. 
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In the lower section of Table 1, Lines 5 to 7, the differences in the contribution of renewable 
energies from Table 11 of C2GCR report 2002-5 (Appendix F) are shown when different methods 
of accounting for renewable electricity are used.  The maximum amount of world renewable 
energies from land availabilities reported by IPCC WG III(8) ranges from 251 to 467 EJ/yr(9), of 
which 185 to 302 EJ/yr(9) is renewable electricity.  

3  The EIA method versus the WG III method of accounting for renewable 
electricity 

The accounting factor of about three used by the EIA to convert the primary energy to produce 
renewable electricity into the fossil fuel equivalent format appears to have been in widespread use 
for many years and appears to give useful results.  

The WG III method used in the SRES scenarios for accounting for renewable electricity as primary 
energy uses a factor of one, rather than a factor of three for the reasons described beginning on 
page 216 and continuing on page 221 as follows: 

“To assure comparability of model results, the SRES writing team agreed to adopt as a 
common accounting methodology the direct equivalent method for all non-thermal uses 
of renewables and nuclear.” 

It is apparent that any accounting method applied consistently will assure comparability of model 
results for primary energy.  Applying the accounting factor used by EIA to the primary energy of 
the SRES would have produced consistent results.  It would also have provided primary energy 
that was comparable with that from the IS92 scenarios and 1990 world primary energy 
consumption in EIA format.   

Table 2 shows the final energy in the SRES scenario B2-ASF which is taken directly from 
page 546 of the SRES tables.  Any scenario could have been chosen as an example, however, 
scenario B2-ASF was selected because after conversion to EIA format the primary energy of 
1,384 EJ/yr is close to the 1,453 EJ/yr of IS92a, and there is no Non-commercial or Other (e.g. H2) 
categories of energy in the final energy, which simplifies the calculations.   

Table 2  Final energy in SRES scenario B2-ASF, EJ/yr 
 Non- 

commercial 
 

Solids 
 

Liquids 
 

Gas 
 

Electricity 
 

Other(10) 

(e.g. H2) 

 
Total 

B2- ASF 
(SRES page 546) 

- 69 251 236 381 - 912 

Line 1 of Table 3, i.e., the B2-ASF line, is the individual primary energies that were selected by the 
SRES modelers on the basis of cost(11) to add up to the total primary energy of 1,122 EJ/yr required 
to provide the final energy of 912 EJ/yr in Table 2. 

Line 2 of Table 3 shows total primary energy of B2-ASF in accordance with the EIA method of 
accounting for the electricity generated by renewable primary energy.  The nuclear electricity of 
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25 EJ/yr in Line 1, Column E is multiplied by 3.05, rather than 1.0, to give 76 EJ/yr.  Similarly, 
“Other renewables”, which are electricity,(c) of 103 EJ/yr is multiplied by 3.05, rather than 1.0, to 
give 314 EJ/yr.  The total in Line 2, Column H, becomes 1,384 EJ/yr and is now in the fossil fuel 
equivalent format of the EIA.  Note that only the number for recording primary energy to produce 
electricity from renewable energy and nuclear sources has changed; the actual amount of electricity 
delivered has not changed nor have the fossil fuels or carbon emissions.   

Lines 3 and 4 show total primary energy of B2-ASF in accordance with the physical method of 
accounting for the electricity generated by renewable primary energies.  Line 3 is the minimum, 
i.e., if all renewable electricity were generated by hydropower, and Line 4 is the maximum, i.e., if 
all renewable electricity were generated by sunlight.  Again, only the number used to record 
renewable and nuclear electricity has changed.  

Table 3  Individual and total primary energy in SRES scenario B2-ASF, EJ/yr 
 A B 

 
Coal 

C 
 

Oil 

D 
 

Gas 

E 
Nuclear 

(electricity) 

F 
 

Biomass 

G 
Other 

renewables 
(electricity) 

H 
 

Total 

I 
Carbon 

emissions 
GtC/yr 

1 B2-ASF 594 2 243 25 156 103 1,122 18.93 
2 EIA 

accounting 
method (d) 

 
594 

 
2 

 
243 

 
76 

 
156 

 
314 

 
1,384 

 
18.93 

3 Physical units 
minimum – all 

hydro(e) 

 
594 

 
2 

 
243 

 
76 

 
156 

 
122 

 
1,193 

 
18.93 

4 Physical units 
maximum – all 

solar 

 
594 

 
2 

 
243 

 
76 

 
156 

 
1,370 

 
2,441 

 
18.93 

All of the primary energies in Column H of Table 3, which range from 1,122 to 2,441 EJ/yr, 
supply the same final energy in Table 2.  All are valid primary energies for WG III scenario 
B2-ASF.  However, the values in Lines 1, 2 and 3 or 4 cannot be compared to one another because 
they are in different accounting formats for recording renewable electricity.  In other words, the 
2,441 EJ/yr of line 4 does not represent any different amount of final energy than the 1,122 EJ/yr 
on Line 1.   

For reference, the range of renewable energies available world wide in physical units is 1,945 EJ/yr 
to 3,481 EJ/yr,(12) which brackets the 2,800 EJ/yr estimated by WG III in the presentation to CoP6 
(Appendix E). 

                                                 
c  The “Other renewables” are hydro, geothermal, solar, wind, and ocean, which all deliver energy in the form of 
electricity, the secondary energy. 
d  See Appendix A for more details. 
e  This is impossible because world wide availability of hydro is exceeded by about six times. 
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4  A comparison of the contribution of renewable energies in WG III accounting 
format to world energy demand in 2100 according to forty SRES scenarios 

The amount of secondary renewable energy available world wide is calculated from land 
availability(8) estimates reported by IPCC WG III.  Our calculations are reported in Table 11 of 
C2CGR report 2002-5 and are reproduced here in Appendix F.  We find that secondary renewable 
energy ranges from 251 EJ/yr to 467 EJ/yr, of which 185 to 302 EJ/yr is electricity from renewable 
energies and 66 to 165 EJ/yr is liquid biomass fuels.  

The 185 to 302 EJ/yr of electricity from renewable energies is already in the 1:1 WG III format for 
accounting for renewable electricity.  Thus, the range of 251 EJ/yr to 467 EJ/yr is in the WG III 
format of accounting for renewable electricity as primary energy and can be compared directly 
with the primary energy of the forty SRES world scenarios.  This comparison is shown in Figure 1. 

Figure 1  The contribution of renewable energies in WG III format for accounting for 
renewable electricity compared with primary energy in 2100 in the SRES scenarios 

 

The numbers along the bottom of Figure 1 correspond with the numbers to left of Column A in 
Table B1.  For example, one of the arrows points to one of the highest points in Figure 1.  This is 
point number 5.  In Table 2, this corresponds to scenario A1B-MESSAGE, which is on page 401 
of the SRES. 
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It can be concluded from Figure 1 that, based on WG III land availabilities, renewable energies 
world wide can supply only a small portion of world energy demand in 2100 in most of the forty 
SRES world scenarios.   

Table 4 summarizes the contribution of renewable energies to world energy demand in 2100 as 
defined by the SRES scenarios.  Line 3 shows the range of contribution as a percentage, 9.2% to 
81.4%.  Line 4 shows the average primary energy for all forty SRES scenarios of 1,542 EJ/yr, and 
Line 5 shows the percentage contribution of renewable energies available of 16% to 30%.  

Table 4  Summary of the contribution of renewable energies 
to world energy demand in 2100 

  WG III method 
of accounting 
for renewable 
electricity as 

primary energy, 
Figure 1 

1 Range of world energy demand in 2100, 
EJ/yr 

 
514 - 2,737 

2 Range of contribution of renewable 
energies to world energy demand, EJ/yr 

 
251 - 467 

3 Contribution of renewable energies to 
world energy demand, % 

 
9.2% - 81.4% 

4 Average primary energy of forty SRES 
scenarios in 2100 

 
1,542 

5 Average contribution of renewable 
energies 

 
16% - 30% 

As shown in Table 4, the contribution of renewable energies to world energy demand, on average, 
is small, i.e., 16% to 30%, and this is optimistic.  For example, there is no assurance that the 
amount of renewable energy shown can be developed by 2100.  Further, the range of renewable 
energy shown as being available is likely considerably smaller for the reasons discussed briefly in 
Section B1 of Appendix B, and in more detail in Section 4.4 of C2GCR report 2002-5.  

Renewable energies, especially hydro, are important and the world needs all that can be developed, 
but even at full development they would only be a small part of world energy demand in 2100. 

5  SRES scenario primary energy and renewable energies converted to EIA format 

In Appendix B, the SRES primary energy and the renewable energy available are converted to EIA 
format in Tables B2 and B3, plotted in Figure 2 and compared to IS92a.   

Because the WG III scenarios have clearly separated out and identified nuclear energy, biomass 
and “other renewables”; i.e., the sum of hydro, geothermal, wind, ocean and solar; a simple change 
in the accounting factor for renewable electricity to primary energy from 1.0 to 3.05 can describe 
the SRES primary energy in terms of the EIA accounting method.   
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Primary energy is important because it is the form of energy we have available and all final energy 
is produced from it.  Most historical records appear to be based on primary energy which is 
calculated by the fossil fuel equivalent method of the Energy Information Administration (EIA) 
and the International Energy Agency (IEA).  By converting the primary energy in the SRES 
scenarios to the EIA format, we can compare it with the primary energy in IS92a and other 
historical records.  

Figure 2 shows the primary energy required in 2100 in the SRES scenarios in EIA format.  The 
figures for primary energy are taken from Column H of Appendix Tables B2 and B3.  In 
constructing the SRES primary energies in 2100 using the EIA primary energy accounting method 
we assume that: 

(i) the EIA factor of 3.05 applies to the year 2100, just as it does to current EIA energy 
numbers. 

(ii) Applying the EIA factor to the SRES scenarios would not change any other 
specifications in the SRES scenarios.  

Figure 2 indicates that only 6 out of 40 (15%) of the SRES scenarios require less primary energy 
than IS92a, the “business as usual” scenario”, and most require much more.   

Figure 2  Primary energy in the SRES scenarios in 2100 converted to the 
fossil fuel equivalent (EIA) and compared to IS92a primary energy 
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The average primary energy in the forty SRES scenarios in EIA format of Figure 2 is 2,571 EJ/yr, 
or 77% higher than that of the 1,453 EJ/yr of IS92a.   

If this average of 2,571 EJ/yr is compared with the same contribution of renewable energies as in 
Figure 1 of C2GCR report 2002-5, i.e., 258 to 427 EJ/yr in EIA format, the contribution of 
renewable energies to average world energy demand in 2100 would be 10% to 17%.  The figures 
of 258 and 427 EJ/yr are derived from the 251 to 467 EJ/yr, i.e., the range of renewable energies 
shown in Appendix F that could be supplied based on WG III land availabilities.  The 258 and 
457 EJ/yr are the results after calculating the effects of the 20% installed capacity limit for solar 
and wind electricity; the 1.68 factor for conversion of surplus solar and wind electricity, i.e., that 
cannot be used directly, to liquid hydrogen; and the conversion to EIA format.  For more details 
see C2GCR report 2002-5 Section 5 and Appendices E and F. 

6  The contribution of renewable energies in each of the SRES scenarios 

From Appendix F, total renewable electricity available world wide is 185 EJ/yr to 302 EJ/yr.  The 
maximum amount of solid biomass is 188 EJ/yr to 470 EJ/yr(9), which has been converted to liquid 
biomass of 66 EJ/yr to 165 EJ/yr for ease of transportation and wider energy application.   

It appears the amount of renewable energy used in several of the SRES scenarios is more than can 
be supplied on the basis of IPCC WG III land availabilities.  For example, the amount of solid 
biomass in 22 of the 40 scenarios is above the low end of the range of 188 EJ/yr, and one is above 
the high end of the range of 470 EJ/yr.  “Other renewables”, likely hydro, solar and wind 
electricity, exceed the low end of the range of renewable electricity available of 185 EJ/yr in 26 
scenarios, and the high end of 302 EJ/yr is exceeded in 13 scenarios.  See Table D2, Appendix D. 

7  Other Observations 

During the examination of the scenarios in the Special Report on Emissions Scenarios additional 
anomalies were observed: 

1. In the SRES tables showing 1990 primary energy, it was observed that Mini-CAM and 
Maria models have nuclear energy as 24 EJ/yr and 22 EJ/yr respectively, which may be in 
accordance with the EIA method of accounting for nuclear electricity.  The four Image 
scenarios are split equally between 17 EJ/yr and 8 EJ/yr.  The remaining 16 scenarios 
(AIM, ASF and MESSAGE) have nuclear energy as 6 EJ/yr to 8 EJ/yr, which may be in 
accordance with the WG III page 221 method of accounting for nuclear energy.   EIA 
records nuclear electricity in 1990 as 6.85 EJ/yr and nuclear energy as 21.5 EJ/yr.  See 
Table C2 in Appendix C for WG III primary energy in 1990. 

If these different methods of calculating nuclear electricity were carried through to 2100, 
some of the WG III scenarios will not be comparable with others.  

2. The 1990 total final energy is different for each scenario and ranges from 253 EJ/yr to 
290 EJ/yr.  The average is 271 EJ/yr.  See Table C1. 
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3. The 1990 total primary energy is different for each scenario and ranges from 313 EJ/yr to 
375 EJ/yr.  See Table C2. 

There appears to be no indication as to whether or not the wide variation in starting points 
in 1990 has any effect on comparability between WG III scenarios in 2100. 

4. The final energy intensity under 1990 on page 15 of the SRES of 16.7 106J/US$ is really 
primary energy intensity, i.e., (351 EJ/yr)/(21 x 1012 1990 US$/yr).  Final energy intensity 
in 1990 would be about (271 EJ/yr)/(21 x 1012 1990 US$/yr)  = 12.9 106J/US$.  See SRES 
pages 14 and 15, and  item No. 2 above. 

This is of interest when calculating average annual rates of final energy intensity decline. 

5. The Glossary of Terms in the SRES does not contain the definition of the accounting 
method for recording renewable electricity as primary energy that was given on page 221. 

8  Summary and conclusions 

8.1 Three different methods of accounting for renewable electricity as primary energy are 
used in the data presented in Climate Change 2001: Mitigation and the Special Report 
on Emissions Scenarios.  The differences between the recorded primary energy 
resulting from the different accounting methods can be very large.  For example, the 
primary energy to provide the 185 EJ/yr to 302 EJ/yr of renewable electricity available 
world wide can be recorded as 185 (WG III), 565 (EIA), or 1,760 EJ/yr (physical units) 
for 185 EJ/yr of renewable electricity, and 302, 922 or 3,020 EJ/yr for 302 EJ/yr.  

8.2 The WG III (page221) method of accounting for renewable and nuclear electricity as 
primary energy on a one to one basis, rather than three to one as by EIA, has no 
advantage over other accounting methods.  Applying the EIA accounting method to the 
SRES scenarios would also make their primary energies comparable with each other, as 
well as  making them comparable with the primary energy of previous IPCC scenarios, 
such as the IS92 series.   

8.3 Regardless of how one looks at it, renewable energies that can be supplied from the 
amount of world land estimated by WG III as available for renewable energy 
production contribute no more, on average, than 16% to 30% of world energy demand 
in 2100, and likely considerably less.  Nevertheless, renewable energies are important 
and must be pursued as the world needs all that can be developed. 
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Appendix A  Definitions of primary energy 

The three definitions of primary energy used in Climate Change 2001: Mitigation and the Special 
Report on Emissions Scenarios are: 

1. Climate Change 2001: Mitigation: 

Glossary of Terms definition of primary energy 

International Energy Agency definition of primary energy 

2. Special Report on Emissions Scenarios: 

Page 221 definition of primary energy 

The main difference between these definitions lies in the way primary energy is calculated for 
electricity from renewable and nuclear sources.  Renewable primary energies have such a wide 
variety of conversion rates to secondary energy as electricity that they cannot be compared directly 
but must be compared through the secondary energy they produce.  For example, 1 EJ/yr of 
secondary energy as electricity requires 13.3 EJ/yr of sunlight, 3.3 EJ/yr of wind power or 1.18 
EJ/yr of hydropower.(4)  These figures are given in Column B of Table 1 of this report, and are 
based on using the “physical units”, definition of primary energy as given in the Glossary of Terms 
in CC2M and the SRES.   

The EIA and IEA methods of accounting for renewable primary energy attempt to equalize the 
effect of various renewable energies by recording the primary energy as the fossil fuel equivalent 
to produce the same amount of electricity. 

The three definitions of primary energy used in the WG III reports are described in detail in the 
sections which follow. 

A1  “Physical units” definition  

This is the definition of primary energy which appears in the Glossary of Terms in each of the 
WG III reports, and is defined as: 

“Energy embodied in natural resources (e.g., coal, crude oil, sunlight, uranium) that has 
not undergone any anthropogenic conversion or transformation.” 

Table 1 in Section 2 is a comparison of the amounts of primary energy reported by each of the 
three main definitions of primary energy for 1 EJ/yr of electricity produced from renewable 
primary and nuclear energies.  This primary energy in physical units as described in the Glossary 
of Terms appears in Column B of Table 1.  

Although this definition of primary energy appears in the Glossary of Terms in the SRES, it does 
not appear to have been used in the report or the scenarios. 
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A2  International Energy Agency 

The definition of primary energy used by the International Energy Agency (IEA) is taken from the 
caption to Figure 3-1 on page 171 of Climate Change 2001: Mitigation, i.e., primary energy 
calculated using the IEA’s physical energy content method based on the primary energy sources 
used to produce heat and electricity (IEA, 2000).(13)   

The method used by the IEA is similar to that of the Energy Information Administration (EIA) as 
described in the following section (A3).  The EIA definition is used throughout this report in 
C2GCR report 2002-5 where required, rather than the IEA definition, because world energy 
consumption is given in the detail needed is in EIA format.  

The IEA estimates for total world primary energy consumption(14) by year are very close to that of 
the EIA.  

A3  Energy Information Administration 

The Energy Information Administration in its report International Energy Outlook employs a 
method of accounting for renewable electricity that reports the renewable electricity generated by 
hydro and the group of solar, wind, wood and waste as if it had been generated by fossil fuels.  
This method permits comparison between models, between years and between countries.  

For each of the renewable energies which generate electricity, EIA establishes a heat rate and 
compares that with the heat rate of fossil-fueled, steam-electric power plants.  The heat rate is the 
number of Btu required to generate 1 kilowatthour of electricity.  The latter is equal to 3,412 Btu.  
For example, the heat rate for hydro electricity is 10,400 Btu per kilowatthour in the EIA tables.  
The multiplying factor to convert hydroelectricity to the recorded primary energy would be 
(10,400/3,412) = 3.05.  

A3.1  Solar, wind, and wood and waste 

In Table C10 “Gross Heat Content of Solar, Wind, and Wood and Waste Electric Power , 1990-
1999” of International Electricity Information, the average heat rate is essentially 10,400 Btu per 
kilowatthour.  The footnote to Table C10 is as follows: 

“Note:  There is no generally accepted practice for evaluating the thermal conversion 
rates for power plants that generate electricity from solar, wind, and wood and waste.  
Therefore, estimates of the prevailing annual average heat content of fossil-fueled, 
steam-electric power plants are used to evaluate the heat content for solar, wind, and 
wood and waste power.” 

As an example, in terms of the definition of primary energy in physical units in the WG III 
Glossary of Terms, 1 EJ/yr of electricity requires 13.3 EJ/yr of sunlight and 1.18 EJ/yr of water 
power.  In the EIA reports, 1 EJ/yr of sunlight and water power would each appear in primary 
energy as (10,400/3,412) = 3.05 EJ/yr.   
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A3.2  Hydro 

The footnote to Table C7 “Gross Heat Content of Hydroelectric Power 1990-1999” is as follows: 

“Note:  There is no generally accepted practice for evaluating the thermal conversion 
rates for power plants that generate electricity from hydroelectric sources.  Therefore, 
estimates of the prevailing annual average heat content of fossil-fueled, steam-electric 
power plants are used to evaluate the heat content for hydroelectric power.  By using 
that factor, it is possible to evaluate fossil fuel requirements for replacing those sources 
during periods of interruption such as droughts.” 

The average heat rate in Table C7 is essentially 10,400 Btu per kilowatthour.  We have used a 
factor of (10,400/3,412) = 3.05 for hydroelectric power. 

A3.3  Nuclear 

The footnote to Table C8 “Gross Heat Content of Nuclear Electric Power, 1990-1999” in 
International Electricity Information is as follows: 

“Note:  The average heat content of electricity generated by nuclear electric power 
plants is calculated by dividing the heat content of electricity consumed in nuclear 
generating units (3,412 Btu per kilowatthour) by the estimated efficiency factor (the 
ratio of output to input) for each nuclear power plant.” 

The heat contents in Table C8 range from 9,721 to 12,552 Btu per kilowatthour.  For purposes of 
our analyses we have used an average heat rate of 10,400 and a factor of (10,400/3,412) = 3.05 as 
the factor for uranium. 

A3.4  Geothermal 
The footnote to Table C9 “Gross Heat Content of Geothermal Electric Power, 1990-1999” in 
International Electricity Information is as follows: 

“Note:  The average heat content of electricity generated by geothermal electric power 
plants is calculated by weighting the annual average heat rates of operating geothermal 
units by the installed nameplate capacities.” 

The heat contents in Table C9 range from 20,914 to 21,273 Btu per kilowatthour, with the average 
being 21,020 Btu per kilowatthour.  Conventional geothermal power is very small and is likely to 
continue to be very small to 2100.  In Table 1.7 of International Electricity Information, 
geothermal is grouped with solar, wind, wood and waste. 

A3.5  Comments 
For purposes of our work we have assumed that the EIA multiplying factor of 3.05 does not 
change between 1990 and 2100.  This appears to be a reasonable assumption considering that there 
is little, if any, foreseeable change in the technology of renewable energies that might cause this 
factor to change.   
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There does not appear to be a reference to the accounting method used for calculating the primary 
energy for renewable electricity in the IS92 scenarios in Climate Change 1992.  A private 
communication with one of the lead authors of the chapter on Emissions Scenarios in IPCC 
Climate Change 1992 indicates that “Nuclear energy and solar energy are counted at 3 times 
(maybe 3.3) the amount of electricity produced.”  We have treated this correspondence as 
confirmation that the IS92 scenarios, including IS92a, are in accordance with EIA or IEA methods 
of calculating primary energy.  We will use the EIA method when comparing renewable energies 
or other energies with IS92a. 

A4  The definition of primary energy used in the WG III emissions scenarios in the SRES 

The definition of primary renewable energy actually used in the models, or scenarios, in the 
Special Report on Emissions Scenarios is given in Section 4.4.8, “Prospects for Future Energy 
Systems”.  The key paragraph, which  starts on page 216 and continues on page 221, follows: 

 “Important differences exist in accounting conventions on how to calculate the primary 
energy equivalent of particularly renewable and nuclear energy. (see Watson et al., 
1996))  To assure comparability of model results, the SRES writing team agreed to 
adopt as a common accounting methodology the direct equivalent method for all non-
thermal uses of renewable and nuclear.  The primary energy equivalence of these 
energy forms is accounted for at the level of secondary energy, that is, the first usable 
energy form or “currency” available to the energy system.  For instance, the primary 
energy equivalence of electricity generated from solar photo-voltaics or nuclear power 
plants is set equal to their respective gross electricity output, not to the heat equivalent 
of radiation energy from fissile reaction, the solar radiance that falls onto a photo-
voltaic panel and is converted to electricity with efficiencies that range from 10% to 
15%, or the heat that would have to be generated by burning fossil fuels to produce the 
same amount of electricity as generated in a photo-voltaic cell or a nuclear reactor (as 
used in the so-called “substitution accounting method).  This commonf accounting 
method must be borne in mind when comparing the primary energy-use figures of this 
report with those of other studies, which invariably use different accounting methods 
depending on the organization that produces the scenario.  An illustration of the 
sensitivity of different accounting methods on estimates of primary energy use in long-
term energy scenarios is given in Naki�enovi��et al. (1998).  (See also the discussion in 
Chapter 2, in which scenario comparisons are based on index numbers rather than the 
absolute figures to account for these definitional differences.)” 

In the preceding paragraph, “all non-thermal uses of renewable and nuclear” refers to electricity 
generated by renewable and nuclear energies.  In simplified form, the part about solar is as follows: 

“the primary energy equivalence of electricity generated from solar photo-voltaics is set 
equal to their respective gross electricity output, not to the solar radiance that falls onto 
a photo-voltaic panel and is converted to electricity with efficiencies that range from 
10% to 15%, or the heat that would have to be generated by burning fossil fuels to 

                                                 
f Adopting a common accounting convention avoids misrepresentation of the contribution of renewable and other 
new energy forms, which can be both under and over-represented by inconsistent accounting conventions, as 
continues to be the case in energy statistics and scenario studies. 
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produce the same amount of electricity as generated in a photo-voltaic cell (as used in 
the so-called “substitution accounting method).” 

Briefly, this paragraph says that when 13.3 EJ/yr(g) of renewable primary solar energy, i.e., sunlight 
in physical units, produces 1 EJ/yr of secondary renewable energy as electricity (Table 1), that 
1 EJ/yr of secondary energy as electricity is reported in the WG III emissions scenarios as 1 EJ/yr 
of primary energy.  This concept applies to electricity from all renewable energies and from 
nuclear energy. 

The rationale for the WG III SRES page 221 accounting method is described beginning on page 
216 and continuing on page 221 as follows: 

“To assure comparability of model results, the SRES writing team agreed to adopt as a 
common accounting methodology the direct equivalent method for all non-thermal uses 
of renewables and nuclear.” 

It is evident that any accounting method applied consistently will assure comparability between 
models.  Adoption of the EIA accounting method for renewable and nuclear electricity as primary 
energy would have assured comparability between the SRES models, and between the SRES 
scenarios and the IS92 series of scenarios.  

The difference between applying the SRES factor of 1.0 and the EIA factor of 3.05 when 
calculating the contribution of renewable electricity to primary energy can be seen by comparing 
Figures 1 and 2, and Columns G and H of Tables B2 and B3.  

                                                 
g  13.3 EJ/yr is the amount of sunlight falling on a given piece of land to produce 1 EJ/yr of electricity from 
photovoltaic cells at 15% efficiency and an average land to collector ratio of two.   
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Appendix B  Converting primary energy in the SRES scenarios to the EIA 
renewable and nuclear electricity accounting format  

In this appendix, the primary energy in the forty SRES world scenarios is converted to EIA format 
of accounting for renewable electricity.  See Appendix A, section A3 for a description of the EIA 
accounting method for renewable primary energy. 

The conversion of the primary energy in the SRES scenarios to EIA format is done in Tables B1 
and B2, and in the same way as described for Line 2 of Table 1.  The nuclear electricity in Column 
C is divided by 1.0 and multiplied by 3.05 to give the EIA equivalent in Column D.  The electricity 
generated by “Other renewables” in Column E is divided by 1.0 and multiplied by 3.05 to give the 
EIA equivalent in Column F.  The totals for primary energy in SRES format and EIA format are 
given in Columns G and H respectively.   

Tables B1 and B2 are identical except that the primary energy in Column H of Table B2 is sorted 
in ascending order.   

The numbers along the bottom of Figures 1 and 2 are shown in Table B1 in the narrow column to 
the left of Column A.  Thus, the number of any scenario in Figures 1 and 2 can be easily traced 
back to its SRES designation. 
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Table B1  Conversion of SRES renewable and nuclear electricity in 2100 to EIA format 
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Table B2  Table B1 sorted by Column H in ascending order 
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Notes to Tables B1 and B2: 

Table B1 has two versions to help the reader.  The first one is with the scenarios in the order in 
which they appear in the SRES.  The second is identical only with the scenarios sorted in 
ascending order by Column H.  The numbers in the left hand column of each table are the same as 
those along the bottom of Figure 1. 

a Column A is the page number of the scenario in the Special Report on Emissions 
Scenarios (SRES). 

b Column B is the full identification of each scenario as given in the SRES. 

c Column C is nuclear primary energy in the WG III page 221 format, EJ/yr. 

d Column D is nuclear primary energy in the EIA format, EJ/yr. 

e Column E is “Other renewables” primary energy in the WG III page 221 format, EJ/yr. 

f Column F is “Other renewables” primary energy in the EIA format, EJ/yr. 

g Column G is total primary energy in the WG III page 221 format, EJ/yr. 

h Column H is total primary energy in the EIA format, EJ/yr/ 
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Appendix C  1990 SRES final and primary energy 

Table C1  1990 Final energy in the forty SRES world scenarios 

 



 20 

Notes to Table C1: 
Table C1 shows the 1990 final energy in the 40 IPCC WG III world scenarios from the tables in 
the SRES.  The analysis by WG III starts with final energy in 1990 and estimates the value for final 
energy in 2100. 

a Column A is the page number of the scenario in the Special Report on Emissions 
Scenarios (SRES). 

b Column B is the full identification of each scenario as given in the SRES. 

c Column C is 1990 non-commercial final energy, EJ/yr. 

d Column D is 1990 final energy in the form of solids, EJ/yr. 

e Column E is 1990 final energy in the form of liquids, EJ/yr. 

f Column F is 1990 final energy in the form of natural gas, EJ/yr. 

g Column G is 1990 final energy in the form of electricity, EJ/yr. 

h Column H is 1990 other final energy, such as hydrogen, EJ/yr. 

i Column I is 1990 total final energy, EJ/yr. 

j The two lines at the bottom of the table show the highest and lowest value in each 
column. 
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Table C2  1990 Primary energy in the forty SRES world scenarios 
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Notes to Table C2: 
Table C2 shows the 1990 primary energy in the 40 IPCC WG III world scenarios from the tables in 
the SRES. 

a Column A is the page number of the scenario in the Special Report on Emissions 
Scenarios (SRES). 

b Column B is the full identification of each scenario as given in the SRES. 

c Column C is the 1990 amount of coal in EJ/yr used by the modeling sub-group for each 
scenario. 

 d Column D is the 1990 amount of oil in EJ/yr. 

 e Column E is the 1990 amount of gas in EJ/yr.  This is usually natural gas. 

f Column F is the 1990 amount of nuclear energy in EJ/yr. 

g Column G is the 1990 amount of biomass in EJ/yr.   

h. Column H is the 1990 amount of other renewable energies in EJ/yr.   

i Column I is the total 1990 primary energy in EJ/yr. 

j The two lines at the bottom of the table show the highest and lowest values in each 
column.  
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Appendix D  2100 SRES final and primary energy 

Table D1  2100 Final energy in 2100 for the forty SRES world scenarios 
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Notes to Table D1: 

Table D1 shows the final energy in the 40 IPCC WG III world scenarios for 2100 from the tables 
in the SRES. 

a Column A is the page number of the scenario in the Special Report on Emissions 
Scenarios (SRES). 

b Column B is the full identification of each scenario as given in the SRES. 

c Column C is non-commercial final energy, EJ/yr. 

d Column D is final energy in the form of solids, EJ/yr. 

e Column E is final energy in the form of liquids, EJ/yr. 

f Column F is final energy in the form of natural gas, EJ/yr. 

g Column G is final energy in the form of electricity, EJ/yr. 

h Column H is Other (e.g. H2) final energy, EJ/yr. 

i Column I is total final energy, EJ/yr. 

j The two lines at the bottom of the table show the highest and lowest value in each 
column. 
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Table D2  Primary energy in 2100 for the forty SRES world scenarios 
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Notes to Table D2: 

Table D2 shows the primary energy in the 40 IPCC WG III world scenarios for 2100 from the 
tables in the SRES. 

a Column A is the page number of the scenario in the Special Report on Emissions 
Scenarios (SRES). 

b Column B is the full identification of each scenario as given in the SRES. 

c Column C is the amount of coal in EJ/yr specified by the modeling sub-group for each 
scenario. 

 d Column D is the amount of oil in EJ/yr. 

 e Column E is the amount of gas in EJ/yr.  This is usually natural gas but could be 
hydrogen. 

f Column F is the amount of nuclear energy in EJ/yr. 

g Column G is the amount of biomass in EJ/yr.  It appears the biomass is solid biomass. 

h. Column H is the amount of other renewable energies in EJ/yr.  These are not identified, 
but would appear to be hydro, wind, solar, etc. 

i Column I is the total primary energy in EJ/yr. 

j The two lines at the bottom of the table show the highest and lowest values in each 
column. 
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Table D3  SRES world population, GDP and carbon emissions in 2100  

 



 28 

Notes to Table D3: 

a Column A is the page number of the scenario in the Special Report on Emissions 
Scenarios (SRES). 

b Column B is the full identification of each scenario as given in the SRES. 

c Column C is world population in millions used in 2100 for each scenario.  For 
comparison, world population was 5.3 billion in 1990 

d Column D is world GDP in trillions of US dollars in 2100.  For comparison, the value of 
world GDP was 21 trillion US dollars on 1990. 

e Column E is the carbon emissions in 2050 from the SRES tables, GtC.  Carbon emissions 
in 1990 were 5.99 Gt/yr 

f Column F is the carbon emissions in 2100 from the SRES tables, GtC. 

g Column G is the cumulative carbon emissions including the 7.1 GtC in 1990. 

h Column H is our calculation of the simple average annual growth in cumulative emissions 
per year from 1990 to 2100, GtC/yr. 
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Appendix E 
 
Presentation by IPCC Working Group III to CoP6 July 18, 2001 

Presentation Page 1:     Technological and Biological Mitigation Potentials and Opportunities 

Presentation Page 12:    Long term technical potential renewable and nuclear energy supply 

Presentation Page 21    Conclusions 

Presentation web site on the Internet    The complete PowerPoint presentation to CoP6 is on 
the internet at web site:  http://www.ipcc.ch/press/present.htm 
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Presentation Page 1 

 

Presentation Page 12 
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Presentation Page 21 

 

View of web site:  http://www.ipcc.ch/press/present.htm  
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Appendix F 
Table 11 from C2GCR report 2002-5  Summary of renewable energy available as 
electricity and biomass in 2100 

This is Table 11 as it appears in C2GCR report 2002-5.  It is placed here for ease of reference by 
the reader. 

Table 11  Summary of renewable energy available as electricity and biomass in 2100 
 A 

 
 
 
 
 
 

Electricity 

B 
WG III 

estimated long-
term primary 

renewable energy 
technical 
potential  

EJ/yr 

C  
Our 

range of 
estimated 
renewable 
electricity 
available 

EJ/yr 

D 
Our 

representative 
value of 

renewable 
electricity 
available  

EJ/yr 
1 Solar – 1% unused land 1,575 118-206 163 
2 Solar – world roof area - - 15 
3 Wind 636 48-72 72 
4 Hydro 50 16-19.3 19.3 
5 Geothermal 20 1.5 1.5 
6 Ocean 20 1.8-3.6 0 
7 Total electricity 2,301 185-302 271 
8  

 
 
 
 

Biomass 

  
Our range of 

estimated solid 
biomass 
available 

EJ/yr 

Our 
representative 
value of solid 

biomass 
available 

EJ/yr 
9 Solid biomass – 2050 

Current traditional biomass 
396 
45 

188-470 
- 

268 
- 

10 Total with solid biomass 2,742 373-772 539 
11 Substitute liquid biomass 

fuels for solid biomass 
 Our range of 

estimated 
liquid biomass 

available 
EJ/yr 

Our 
representative 
value of liquid 

biomass 
EJ/yr 

12 Liquid biomass fuels - 2100 - 66-165 94 
13 Total with liquid biomass - 251-467 365 
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