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Population without modern energy access

Fewer than a billion without electricity for the first time
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 [Charles A.S. Hall, Jessica G. Lambert, Stephen B. Balogh, Energy Policy, 2013, available here: www.sciencedirect.com/science/article/pii/S0301421513003856]

Energy return on investment of various fuels



We believe that outside certain conditions in the tropics most
ethanol EROI values are at or below the 3:1 minimum extended
EROI value required for a fuel to be minimally useful to society.

Wind power has a high EROI value, with the mean perhaps as
high as 18:1 (as derived in an existing meta-analysis by
Kubiszewski et al., 2010) or even 20:1 (n of 26 from 18 publica-
tions) (see Lambert et al., 2012 for references) (Fig. 3). The value in
practice may be less due to the need for backup facilities.

An examination of the EROI literature on solar photovoltaic or PV
energy generation shows differences in the assumptions and meth-
odologies employed and the EROI values calculated. The values,
assumptions, and parameters included are often ambiguous and differ
from study to study, making comparisons between PV and other
energy EROI values difficult and fraught with potential pitfalls. Never-
theless, we calculated the mean EROI value using data from 45
separate publications spanning several decades. These values resulted
in a mean EROI value of roughly 10:1 (n of 79 from 45 publications)
(see Lambert et al., 2012 for references) (Fig. 3). It should be noted that
several recent studies that have broader boundaries give EROI values
of 2 to 3:1 (Prieto and Hall, 2012; Palmer, 2013;Weissbach et al., 2013),
although these are not weighted for the higher quality of the
electricity when compared with thermal energy input. Geothermal
electricity production has a mean EROI of approximately 9:1 (n of 30
from 11 publications) (see Lambert et al., 2012 for references) (Fig. 3).

A positive aspect of most renewable energies is that the output of
these fuels is high quality electricity. A potential draw back is that the
output is far less reliable and predictable. EROI values for PV and
other renewable alternatives are generally computed without con-
verting the electricity generated into its “primary energy-equivalent”
(Kubiszewski et al., 2009) but also without including any of the
considerable cost associated with the required energy back-ups or
storage. EROI calculations of renewable energy technology appear to
reflect some disagreement on the role of technological improvement.
Raugei et al. (2012) attribute some low published EROI values for PVs
to the use of outdated data and direct energy output data that
represents obsolete technology that is not indicative of more recent
changes and improvements in PV technology (Raugei et al., 2012).
EROI values that do reflect technological improvements are calcu-
lated by combining “top-of-the-line” technological specifications from
contemporary commercially available modules with the energy out-
put values obtained from experimental field data. Other researchers
contend that values derived using this methodology do not represent
adequately the “actual” energy cost to society and the myriad energy
costs associated with this delivery process. For example Prieto and
Hall, 2012 calculated EROI values that incorporate most energy costs,
with the assumption that where ever money was spent energy too
was spent. They use data from existing installations in Spain, and
derived EROI values of roughly 2.4:1, considerably lower than many

less comprehensive estimates. Similarly low EROI values for roof top
PVs with battery back up were found by Palmer (2013), although it
should be noted that the outputs of both systems were higher quality
electricity. Nearly all renewable energy systems appear to have
relatively low EROI values when compared with conventional fossil
fuels. A question remains as to the degree to which total energy costs
can be reduced in the future, but as it stands most “renewable”
energy systems appear to be still heavily supported by fossil fuels.
Nevertheless they are considerably more efficient at turning fossil
fuels into electricity than are thermal power plants, although it takes
many years to get all the energy back.

3. Methodology

We summarize existing studies of EROI while attempting to
understand the differences among them. Specifically, published
values of EROI for similar fuels sometimes are substantially different
leading to large differences within the published data for EROI
assessments. To reduce these differences Murphy et al. (2011) derived
a “standard protocol” for calculating EROI. While recognizing the
uncertainties involved in, and inherent to, all EROI calculations,
Murphy et al. (2011) proposed that these differences largely can be
reduced when similar boundaries are used for the assessment. The
generation of EROI values is best developed using industry- or
government-derived data on energy outputs and energy costs in
physical units, or by using a "process energy method" based on
measured energy costs of components. But, more commonly part or
all of the data is only in financial units. Energy cost values can be
derived from financial costs that can be translated into energy costs
using energy intensities (i.e. energy used per monetary unit for that
type of activity). Unfortunately, most companies consider their costs
proprietary knowledge.

Different boundaries and variables differ between nations and
may result in conflicting or inconsistent data (Lambert et al., 2013).
Only a few countries, including the US, Canada, the UK, Norway,
and China keep the necessary industry-specific estimates of
energy costs required to perform an EROI analysis. Fortunately,
this data, taken as a whole and within a given country, seems to be
relatively consistent with information available from various non-
governmental sources e.g. Gagnon et al. (2009), or the differences
make logical sense. A short description of our methodology for
each respective fuel follows.

3.1. Oil and gas

Oil and gas EROI values are typically aggregated together. The
reason is that since both often are extracted from the same

Fig. 4. Gagnon et al. (2009) estimated the EROI for global publicly traded oil and gas. Their analysis found that EROI had declined by nearly 50% in the last decade and a half.
New technology and production methods (deep water and horizontal drilling) are maintaining production but appear insufficient to counter the decline in EROI of
conventional oil and gas.

C.A.S. Hall et al. / Energy Policy 64 (2014) 141–152144

 [Charles A.S. Hall, Jessica G. Lambert, Stephen B. Balogh, Energy Policy, 2013, available here: www.sciencedirect.com/science/article/pii/S0301421513003856]

“Declining EROI means 
that an increasing 

proportion of energy 
output and economic 

activity must be 
diverted to attaining 

the energy needed to 
run an economy.”



“The declining EROI of traditional 
fossil fuel energy sources and the 

effect of that on the world economy 
are likely to result in a myriad of 

consequences, most of which will 
not be perceived as good.”

Charles A.S. Hall, Jessica G. Lambert, Stephen B. Balogh, Energy Policy, 2013), available here: www.sciencedirect.com/science/article/pii/S0301421513003856. Emphasis added.

http://www.sciencedirect.com/science/article/pii/S0301421513003856


Oakley Greenwood, Gas Price Trends Review 2017 for the Council of Australian Governments (COAG) Energy Council available at  
https://www.energy.gov.au/sites/default/files/gas_price_trends_review_2017.pdf.

Scarcity leads to price rises 
Industrial price scatter, Victoria
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New Zealand generation

� Record hydro generation year from 104% 
inflows and with Ōhau A refurbishment

� Ōhau refurbishment programme going well, 
$8m more spend ($57m total)

� More modest wind generation
� Major HVDC pole outages planned between 

January to April 2020 (Saturdays)

Support retail 
and protect our 
generation 
legacy
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Meridian, 2019 Annual Results Presentation, 26 August 2019

Cost of producing energy rises across all energy sources





Royal Swedish Academy of Sciences
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Next 20 years of oil and gas imports by Asian destination

Two thirds of global oil and gas imports flow to Asia by 2040
IEA New Policies Scenario



average of 78.7 percent for an existing coal-fired plant and 77.4 percent for a typical 
new-build. 

 
• For all coal cases, combustion emissions were greater than for LNG. Emissions from 

raw material acquisition were also generally higher for coal than for LNG. However, 
processing segment emissions were greater for LNG due to incremental processing 
requirements such as liquefaction, regasification, and pipeline transport.   

 
Table 3 presents the total emissions for each stage of the life cycle for power generation 
from coal and LNG. The data are presented as a range of potential estimated emissions for 
each segment of the LNG and coal scenarios. 
 
 
Table 3 - Comparison of LCA Results for Primary Energy Production and Delivery (Coal and LNG) from 
the CLNG Study  

Low GHG Case High GHG Case
LNG LCA CO2-e (tonnes/MWh) % of Total CO2-e (tonnes/MWh) % of Total
Raw Material Acquisition 0.017 3.4% 0.021 3.7%
Processing 0.064 12.9% 0.104 18.4%
Transportation 0.051 10.3% 0.074 13.1%
Power Generation 0.365 73.4% 0.365 64.7%
Total: 0.497 100.0% 0.564 100.0%

New-Build Power Plant (Range, All Countries)
Coal LCA
Raw Material Acquisition
Processing
Transportation
Power Generation
Total: 0.870-1.158

0.748-0.884
1.071-1.499

CO2-e (tonnes/MWh)
0.018-0.232

----
0.036-0.424
0.909-1.166

0.017-0.191
CO2-e (tonnes/MWh)

----
0.036-0.352

Installed Power Plant (Range, All Countries)
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Source: Pace Global based on referenced sources.  

Notes:  
1. Raw material acquisition includes all segments in the LCA that involve extracting the natural resource from the earth. 
2. Processing includes all segments in the LCA that involve changing the resource’s molecular makeup or its state of 

matter. For LNG, this includes all processing steps prior to initial pipeline distribution, liquefaction, and regasification. 
3. Transportation includes all segments in the LCA that involve transporting the natural resource. This comprises 

pipeline transportation, both to the liquefaction plant and also to the power generation plant; and LNG shipping. 
4. Power Generation represents the final segment in the LCA where the natural resource is combusted for electricity 

production. 
5. “Coal (Low)” and “Coal (High)” in the above chart refer to the lowest-emitting option (whether country/region or 

existing/new build plant) and the highest-emitting option, respectively. 

Source:  Center for LNG, “LNG Full Life Cycle Assessment of Greenhouse Gas Emissions,” 
prepared by Pace Global, May 2015.  Reprinted with Permission of Center for LNG. 
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Life Cycle Assessment of LNG, International Gas Union, available at  http://www.igu.org/sites/default/files/node-page-field_file/LNGLifeCycleAssessment.pdf

Power generation from LNG  
emits less carbon than power generation from coal



Open cast tar sands mine in the Boreal forest  
North of Fort McMurray, northern Alberta, Canada.

Oil and light oil production  
offshore and onshore New Zealand
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New Zealand’s 
enormous 

continental shelf




