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1 VALUATION OF HYDROELECTRIC ASSETS IN THE CONTEXT OF THE CHANGING WEALTH OF NATIONS 2024

For the first time in the World Bank’s comprehensive 

wealth accounting work, The Changing Wealth of 
Nations 2021 (CWON 2021; World Bank 2021) reported 

experimental results for the value of renewable 

energy assets. In that report, estimates of the 

value of solar, wind, and hydroelectric assets were 

presented for 15 countries as part of a pilot study to 

demonstrate the feasibility of their valuation (Smith 

et al. 2021). The valuation method used in the pilot 

study was based on an approach where asset values 

were estimated as the net present value (NPV) of 

expected future resource rent. Resource rent, for its 

part, was estimated as the difference between the 

revenues realized from exploiting renewable energy 

resources and the costs of doing so (the “residual 

value method”, or RVM). This approach is referred 

to here as the NPV-RVM method. It is consistent 

with international guidance on the valuation of 

natural resources from the United Nations’ System of 

Environmental-Economic Accounts-Central Frame-

work (SEEA-CF; United Nations et al. 2012) and 

System of Environmental-Economic Accounting for 

Energy (SEEA-Energy; United Nations 2019).   

The Changing Wealth of Nations 2024 (CWON 2024; 

World Bank 2024), builds on the results of the pilot 

study in CWON 2021 to produce the first ever global 

estimates of hydroelectric assets. Though efforts were 

made for CWON 2024 to develop global estimates 

of solar and wind electricity assets, this proved 

impossible due to limitations in data availability.

This report presents the methods and data sources 

used to value hydroelectric assets in CWON 2024 in 

their full detail, beginning with the rationale for 

valuing these resources in CWON.1  

1		 Introduction

2		 Rationale for Valuing 	  
		  Hydroelectric Assets

1	 This report is an expanded version of the methodology for the valuation of hydroelectric resources presented in chapter 6 of CWON 2024 (World Bank  
2024). Readers not requiring the full details of the methodology may prefer to review the methodology as laid out there, which is already quite complete.  
The additional details provided here are meant primarily for compilers. 

The absence of hydroelectric assets (along with 

solar, wind, and other renewable energy assets) from 

the CWON natural capital accounts in the past was 

a concern. Since fossil fuel assets have always been 

included in CWON, there was an imbalance in its 

treatment of non-renewable and renewable energy 

assets. Given the climate-related consequences of 

fossil fuel use, this imbalance risked sending distorted 

signals to users of the CWON database regarding the 

relative economic importance of carbon-intensive, 

non-renewable energy sources versus less climate-

damaging renewable sources like hydro. This 

imbalance is now rectified by treating renewable 

energy assets, beginning with hydroelectric assets 

here in CWON 2024, the same as fossil fuels.

 l I N T R O D U C T I O N
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The addition of hydroelectric assets to the CWON 

natural capital accounts (and the eventual addition 

of other renewable energy assets) is also aligned with 

recent guidance on the expansion of the System of 

National Accounts 2008 (SNA; European Communities 

et al. 2009) and SEEA-CF asset boundaries. In the 2025 

edition of the SNA, renewable energy assets will be 

recognized as natural resource assets in the system 

due, in part, to the efforts of the World Bank to develop 

and test methods for valuating renewable energy 

assets in the CWON 2021 pilot study (Smith and Peszko 

2022).2  The SEEA-CF asset boundary will be similarly 

expanded at its next update. CWON is clearly at the 

frontier of work in this area of emerging importance. 

Of course, not all hydroelectric resources qualify 
as economic assets. In keeping with the general 
definition of an asset and with the renewable energy 
specifications of the United Nations’ Framework 
Classification for Resources (UNFC; United Nations 
Economic Commission for Europe 2020),3 only 
hydroelectric resources that are viable for use in 
electricity production under prevailing technological 
and economic conditions are considered assets here 
(see Box 2.1 for further details). 

2	 For further details on endorsed guidance in the SNA update process, please see https://unstats.un.org/unsd/nationalaccount/towards2025.asp.
3	 See https://unece.org/fileadmin/DAM/energy/se/pdfs/UNFC/publ/UNFC_ES61_Update_2019.pdf.
4	 Similar criteria are applied to defining other renewable and non-renewable natural resources as assets in the SNA and SEEA-CF as well as in CWON.

Box 2.1:  
Definition of hydroelectric assets	

Following guidance in the UNFC, hydroelectric assets are defined here as resources that are associated with 

“viable” hydroelectric generation projects. Viable projects are those for which the “environmental-socio-

economic viability and technical feasibility has been confirmed” (UNFC, p. 3). More specifically, economic 

viability means that:

“Development and operation [of the project] are environmentally-socially-economically viable on the basis of current 
conditions and realistic assumptions of future conditions. All necessary conditions have been met (including relevant 
permitting and contracts) or there are reasonable expectations that all necessary conditions will be met within a 
reasonable timeframe and there are no impediments to the delivery of the product to the user or market.” (UNFC, p. 6)

Technical viability means that: 

“Development or operation is currently taking place or, sufficiently detailed studies have been completed to 
demonstrate the technical feasibility of development and operation. A commitment to develop should have been or 

will be forthcoming from all parties associated with the project, including governments.” (UNFC, p. 6)

Based on this, only hydroelectric resources associated with existing and operating hydroelectric generation 

plants or with plants that are well advanced in planning and development qualify as hydroelectric assets. 

Hydroelectric resources that exist at sites where hydroelectric generation plants do not currently exist 

or are not well advanced in planning do not qualify as assets and are not measured in the CWON natural 

capital accounts. This treatment of hydroelectric resources is consistent with the treatment of other natural 

resources in the SNA and SEEA-CF. For example, the SNA and SEEA-CF recognize timber in a forest (another 

renewable resource) as an asset only in instances where that timber may be commercially logged at a profit 

under existing technological and economic conditions. Remote forests with no potential for logging do not 

qualify as assets as far as timber is concerned.4 

R A T I O N A L E  F O R  V A L U I N G  H Y D R O E L E C T R I C  A S S E T S   l

https://unstats.un.org/unsd/nationalaccount/towards2025.asp
https://unece.org/fileadmin/DAM/energy/se/pdfs/UNFC/publ/UNFC_ES61_Update_2019.pdf
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Recognition of hydroelectric resources as assets 

means a method must be found to value them. For 

CWON 2024, we adopted the NPV-RVM method first 

applied to renewable energy assets in the CWON 2021 

pilot study (Smith et al. 2021). This is consistent with 

guidance in the SEEA-CF and (somewhat less clearly) 

the SNA, both of which recommend this method for 

valuing natural resource assets in general. In the 

NPV-RVM, asset value is taken to be equal to the 

present value of the future stream of rent flowing 

from the resource (SEEA-CF, Section 5.4.5). Rent, 

for its part, is calculated as the difference between 

resource revenues (less specific subsidies received 

plus specific taxes paid) and production costs, 

including returns to labor and produced capital (see 

the appendix to this report for further discussion of 

resource rent).

The validity of the NPV-RVM rests on an assumption 
of the markets for the generation and sale of 
renewable energy approximating long-run 
competitive equilibrium, as only in such markets 
will the difference between revenues and costs be 
a reliable guide to estimating resource rent. We 
acknowledge that markets in many countries—
especially in low- and middle-income nations—
do not meet this standard due to subsidization 
of production and/or consumption and other 
market interventions by governments. Data from 
the OECD’s Product Market Regulation Indicators 
suggest a movement toward competitive generation 
since deregulation of electricity markets began, at 
least in developed countries. According to World 
Bank analysis (Foster and Rana 2020), however, 
only a handful of low- and middle-income countries 
have implemented liberalized power market models 
with fully competitive private power generation. 
Across the developing world, reforms have resulted 
in hybrid models in which elements of market 
orientation coexist with continued state dominance 
of the sector. In addition, the OECD, emerging 

markets, and low- and middle-income countries 
still subsidize renewable energy production and 
consumption, especially nascent renewable energy 
technologies, like solar and wind. This poses a 
theoretical challenge to the residual value method and 
a practical measurement challenge because subsidy 
data are rarely comprehensive and transparent. 

As for mature renewable energy technologies, such 
as hydroelectricity, however, factor markets can 
be assumed to be in something close to long-run 
competitive equilibrium even in countries where 
wholesale electricity markets have not been fully 
liberalized. Marked heterogeneity and scarcity 
among sites for hydro power implies that hydro 
projects should earn both Ricardian and scarcity 
rents (see the appendix to this report for rent 
definitions). Where equilibrium can reasonably be 
assumed, quasi-rents should not exist. In countries 
where electricity prices remain regulated and where 
hydroelectric power utilities remain publicly owned, 
the assumption of market equilibrium may not hold. 
Ricardian and scarcity rents will still arise, though 
they will be captured by electricity consumers rather 
than by the owner of the resource (government) 
and their measurement is more difficult. Most 
large reservoirs also serve multiple purposes and 
the revenue from electricity generation is often 
constrained by the needs of flood control, irrigation, 
residential/industrial water supply, or recreation. 
Rents arising from these uses of reservoirs may be 
captured by various economic actors. The purpose 
of the CWON hydroelectric resource valuation is not 
to value these other uses, however, but only the use 
of the reservoirs for generating hydroelectricity.

Despite the challenges posed by energy market 
regulation, a strong rationale for adopting the NPV-
RVM is found in the benefits of methodological 
consistency. This method is widely applied to 
natural asset valuation in country practice, in 

 l R A T I O N A L E  F O R  V A L U I N G  H Y D R O E L E C T R I C  A S S E T S

https://www.oecd.org/en/topics/sub-issues/product-market-regulation.html
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M E T H O D S  A N D  D A T A  S O U R C E S  F O R  V A L U I N G  H Y D R O E L E C T R I C  A S S E T S   l

CWON and by UNEP.5  Users of CWON must evaluate hydroelectric asset values against other natural assets 
and the assets of the broader comprehensive wealth portfolio. Thus, consistency in valuation across assets 
is of considerable importance. 

Using the NPV-RVM method, estimates of 
hydroelectric asset values were prepared for all 
countries where either 1) renewable 6  hydroelectric 
generation capacity accounted for more than 5 
percent of total national electricity generation 
capacity in 2020; or 2) where total installed renewable 
hydroelectric generation capacity in 2020 was 100 
MW or greater.7  Renewable hydroelectricity capacity 
excluded so-called “mixed” 8 and pumped-storage 
plants. Data on installed electricity generation 
capacity were taken from the International 
Renewable Energy Agency (IRENA) Electricity 
Statistics by Country/area, Technology, Data Type, 
Grid connection and Year database, accessed via the 
agency’s online data query tool.9 For the purposes 
of calculating total national electricity generation 
capacity, only on-grid capacity was considered. 
The technologies considered when calculating total 
generation capacity were: solar photovoltaic, solar 
thermal, onshore wind, offshore wind, renewable 
hydro, mixed hydro, pumped-storage hydro, marine, 
solid biofuels, municipal waste, liquid biofuels, 
biogas, geothermal, coal/peat, oil, natural gas, 
other fossil fuels, nuclear, and other. The timeframe 
chosen for the analysis was 1995–2020 in keeping 

5	 See UNEP’s Inclusive Wealth series of reports (UNU–IHDP & UNEP., 2012; UNU–IHDP & UNEP, 2014; Managi and Kumar, 2018; UNEP, 2023).
6	 Renewable hydroelectric generating plants are those that rely entirely on the kinetic energy of moving water to generate electricity. 
7	 These restrictions were introduced to ensure that countries included in the CWON hydroelectric resource accounts would have markets for hydroelectric  

generation sufficiently well established for the global data used in their valuation to reflect conditions in the country. 
8	 Mixed hydroelectric generating plants are those that use a combination of renewable and pumped-storage technologies. Pumped-storage generating 

plants are not considered renewable, since they rely on recirculation of water from a reservoir below the turbines to a reservoir above the turbines via 
electric pumps that are powered by excess power from the electric power grid, usually at night when load on the grid is low. 

9	 See https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Generation/Country_ELECSTAT_2024_H2.px/.

3		 Methods and Data Sources for 
		  Valuing Hydroelectric Assets

RRt
hydro = residual value estimate of hydroelectric 

resource rent in year t in the country in question

TRt
hydro = total revenue from sales of electricity 

generated at so-called “renewable” hydroelectric 

with other assets in CWON. The details of the NPV-
RVM method and data sources used in the valuation 
are set out below. 

3.1	 ESTIMATING HYDROELECTRIC 
	 RESOURCE RENT AND ASSET  
	 VALUE

3.1.1  Hydroelectric Resource Rent

Equation 1 expresses the version of the RVM used 
to estimate rent for hydroelectric assets in a given 
country and year t.

1. RRt
hydro  = TRt

hydro – O&Mt
hydro – 

(rKt
hydro  + δ hydro)

where,

https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Generation/Country_EL
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10	 Renewable hydroelectric plants are those where water flows through the hydraulic turbines only as a result of natural forces. These contrast with so 
-called “pumped storage” plants the water flowing through the turbines is pumped from a lower reservoir below the turbines back into an upper reservoir 
to be used again. This pumping usually occurs at night when demand for electric power is low and excess power is therefore available from non-hydro 
sources. Pumped storage plants were not considered here. So-called “mixed” plants are those which include some pumped storage capabilities along 
with renewable generation. For the purposes here, mixed plants were considered renewable.

11	 In some countries, subsidies are also paid on consumption; for example, many governments artificially lower the price of gasoline or electricity by 
providing households with direct payments that offset some of their spending on these goods or by holding the producer prices of these goods 
artificially low. Depending on the nature of these consumption subsidy schemes, and how they impact producer process and revenues, they too might 
have to be taken account of in estimating resource rent. If, for example, the revenue earned by hydroelectric generators, TRt

hydro, was derived using 
price data that reflect subsidized household prices, then that revenue estimate will be too low by an amount equal to the consumption subsidy. In that 
case, the value of the consumption subsidy would have to be added back in the estimation of resource rent. Furthermore, countries that subsidize 
household energy consumers often also compensate producers for their foregone revenues through explicit or implicit production subsidies, such as 
fiscal transfers, tax breaks or higher charges to industrial and commercial end-users.    

plants10 in year t in the country, including any 

subsidies paid on generation 

O&Mt
hydro = cost for labour, materials, fuel, 

and other supplies to operate and maintain the 

produced assets (that is, the dams or other civil 

infrastructure required to create reservoirs plus the 

hydraulic turbines and other equipment needed 

to generate electricity and transfer it from the 

hydroelectric station to the local power grid) used 

to generate hydroelectricity in year t  in the country

r = economy-wide average annual rate of return to 

produced capital in the country (a constant)

Kt
hydro = total value of produced capital used to 

generate hydroelectricity in year t in the country 

δ hydro = annual rate of depreciation of the produced 

capital used to generate hydroelectricity in the 

country (a constant).

3.1.2 	 A Note on Subsidies and Taxes

In general, when estimating rent on natural assets, 

including hydroelectric assets, it is recommended 

to exclude subsidies on production11 from the 

estimation and add taxes on production (SEEA-CF, 

Section 5.4.5). Subsidies play a particularly important 

role in promoting new renewable energy generation, 

such as solar and wind. Consequently, equation 1 

should be written as: 

It must be stressed that RRt
hydro is the rent attributable 

to the hydroelectric resource itself as a form of 

natural capital; that is, it is the return to nature in 

the generation process as opposed to the return to 

the produced capital used to generate the electricity 

(such as dams, turbines, or generators). In the RVM 

formula, the rent attributable to the hydroelectric 

resource is the residual left over after full costs of 

converting the flowing water to useful electricity—

including an estimate of the normal profit for the 

producer—are deducted. 

2. RRt
hydro  = TRt

hydro– O&Mt
hydro 

subsidies hydro– (rKt
hydro + δ hydro)

where subsidies hydro is an estimate of the subsidies 

received by hydroelectric producers. Subsidies might 

come in any of several forms: 

•	 Subsidies paid directly on production. 
For example, a subsidy paid to electricity 
producers per unit of electricity generated.

•	 Indirect subsidies that reduce costs of 
production but are not directly related to it. For 
example, an increased capital consumption 
allowance rate permitting producers to 
write off investments in certain kinds of 
produced assets more quickly than usual.

Subsidies on production should be deducted when 

estimating rent as they increase net revenue from 

resource exploitation (either directly in the case 

of those paid on production volumes or indirectly 

for those that reduce production costs) and, by 
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consequence, increase resource rent derived via the 

RVM. Given that subsidies do not represent a return to 

nature, they should be excluded from resource rent. 

In practice, data on subsidies paid to natural resource 

companies are difficult to obtain (especially data 

on indirect and implicit subsidies) and, therefore, 

subsidies are generally not accounted for by 

statistical agencies when they are compiling official 

national estimates of resource asset values.12 This is 

the case, for example, in the estimation of rents on 

fossil fuel assets, for which detailed data on subsidies 

by country and type of production are unavailable. 

According to the SNA and SEEA-CF, subsidies paid by 

governments to support natural resource production 

should be accounted for; that is, deducted from 

revenues in the calculation of resource rent. In 

practice, however, it is difficult to know to what extent 

our estimates of hydroelectric asset values do include 

any subsidies paid on hydroelectricity generation or 

consumption. Direct subsidies paid to producers are 

likely to be missed, since such subsidies are unlikely 

to be reflected in end-user electricity prices and, as is 

explained later, our methodology relies on residential 

end-user prices as a means of estimating producers’ 

revenues and hence hydroelectric resource rent. 

Indeed, this shortcoming of the approach was a 

main reason why solar and wind assets could not 

be included in the CWON 2024 renewable energy 

accounts, because direct subsidies on production 

(for example, feed-in-tariffs) play a more important 

role in solar and wind producers’ revenues than for 

hydroelectric producers. Deeper understanding of 

the extent to which the RVM/NPV valuation approach 

taken here—indeed, taken in the case of any of the 

natural assets included in CWON—would require a 

study unto itself. For this reason, subsidies are not 

accounted for in the valuation of hydroelectric assets, 

which is consistent with all other CWON assets.

3.1.3  From Rent to Resource Value

With hydroelectric rent estimated following equation 

1 for each country and year between 1995 and 2020, 

the next step was to determine the expected pattern 

of future rents for the NPV calculation. This required 

decisions regarding two parameters: the level of rent 

in future years and the number of years for which 

rent will flow. Regarding the latter, it was assumed 

rent will flow for 100 years, in keeping with the 

assumption used in the valuation of other renewable 

natural resource assets in CWON. For the former, 

in keeping with the general approach to renewable 

natural resource asset valuation in the CWON and 

in the SEEA-CF (SEEA-CF   5.133), we have assumed 

that future hydroelectric rents will be equal to the 

rent observed in the time period in question. For 

example, to value hydroelectric assets for 2020, we 

assumed a 100-year series of rental incomes equal to 

our estimated 2020 rent in the NPV calculation.

With the current rent and its expected future pattern 

determined, estimation of the value of hydroelectric 

assets in a given country proceeded according to 

equation 3.

 

 

where,

12	 For example, Statistics Canada’s estimates of Canada’s oil assets, for example, do not account for subsidies. The same is true of the United Kingdom, 
Australia, Norway and other major countries. CWON’s approach of not considering subsidies for these assets is, thus, aligned with official statistical 
practice, if not with international statistical guidance.

3. Vt
hydro  =∑n=1 

 100
RRt

hydro

(1+rg )
n

Vt
hydro  = value of hydroelectric assets in year t in 

the country

RRt
hydro  = resource rent accruing to hydroelectric 

assets in in year t (as defined in equation 1 and 

including subsidies) in the country

M E T H O D S  A N D  D A T A  S O U R C E S  F O R  V A L U I N G  H Y D R O E L E C T R I C  A S S E T S   l
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T = hydroelectric asset life in years (assumed  

to be 100 years in all countries)

n = future periods from 1 to 100

rg = economy-wide discount rate (assumed, 

following CWON convention, to be 4 percent 

for all countries and years).

3.2 	 DATA SOURCES AND  
	 ASSUMPTIONS

3.2.1 	 Revenues from Electricity  

	 Generation 

Two data points were required to estimate revenues 

from hydroelectricity generation (TRt
hydro from 

equation 1): 

•	 The quantity of hydroelectricity generated

•	 The price received by hydroelectric power 
producers in each country and year.

Obtaining global data on generated quantities of 

hydroelectricity was relatively straightforward. IRENA 

provides these data annually for most countries in the 

world going back to 2000 in its Electricity Statistics by 

Country/area, Technology, Data Type, Grid connection 

and Year database.13 The UN provides similar data 

covering the period back to the 1990s through its 

Energy Statistics Database.14 The generation data 

used here were derived from a combination of these 

two sources. From the IRENA database, we used only 

the value of electricity generated from renewable 

hydro generating plants. The UN data included both 

renewable hydro and pumped storage technologies in 

their total hydroelectric generation estimates, so we 

adjusted these downward by an amount equal to the 

value of generation from pumped-storage plants as 

reported by IRENA. After adjusting the UN data in this 

way, the two sources usually agreed exactly (or close to 

exactly) on generation figures for a given country and 

year. Where they did not, a simple average of the data 

from the two sources was used unless there was clear 

reason to prefer the figure from one over the other. 

In cases where a source appeared to be erroneous, 

we consulted a third source of hydroelectricity 

generation data—the Hydropower Status Report 
of the International Hydropower Association,15 to 

determine which of our main sources (IRENA or the 

UN) was correct. Where one source was clearly in 

error, we simply took the value from the other source. 

In all cases, the UN generation data were used for the 

years from 1995 to 1999, as the IRENA database does 

not cover these years. 

Obtaining data on the average annual prices received 

by hydroelectric power producers (“producer prices” 

hereafter) at the country level proved more difficult, 

as no globally complete database of producer prices 

exists either from public or private data suppliers. 

Preparing such a database would be challenging 

given the difficulties of estimating annual prices 

when energy markets in countries with competitive 

wholesale electricity markets include pricing 

mechanisms that adjust to demand and supply on an 

hourly basis. In addition, in competitive, regulated, 

and hybrid electricity market models there are 

multiple mechanisms for generating revenues by 

power producers. Besides electricity, electricity 

producers also sell capacity readiness and other 

ancillary services that system operators buy to 

maintain grid stability and security. 

13	 See https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Generation/Country_ELECSTAT_2024_H2.px/.  
Accessed May 24, 2023. 

14	 See http://data.un.org/Data.aspx?d=EDATA&f=cmID%3aEC. 
15	 See https://assets-global.website-files.com/5f749e4b9399c80b5e421384/63a1d6be6c0c9d38e6ab0594_IHA202212-status-report-02.pdf.

https://pxweb.irena.org/pxweb/en/IRENASTAT/IRENASTAT__Power%20Capacity%20and%20Generation/Country_ELECSTAT_2024_H2.px/
http://data.un.org/Data.aspx?d=EDATA&f=cmID%3aEC
https://assets-global.website-files.com/5f749e4b9399c80b5e421384/63a1d6be6c0c9d38e6ab0594_IHA202212-status-report-02.pdf
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Given the lack of a global database, producer prices 

were estimated indirectly. This was done starting 

from the only available database of electricity prices 

that comes close to global coverage: the International 

Energy Agency (IEA)’s Energy Prices database.16  This 

database, which is only available by paid subscription, 

contains weekly, monthly, quarterly, and annual 

end-user (residential, commercial, and industrial) 

electricity prices in nominal local currency units 

(LCUs) for about 140 countries from 1970 to 2022. Since 

the most complete country coverage in this database 

was for annual residential end-user prices, those 

prices (adjusted to account for delivery charges and 

other non-production costs—see below) were chosen 

as the basis for estimating the annual producer prices 

required here. 

To estimate producer prices in each country, IEA 

residential prices in LCUs were multiplied by a time-

invariant conversion factor that reflected the share 

of the price expected to be received by hydroelectric 

producers. These conversion factors were determined 

as follows: For non-European countries included in 

the CWON 2021 pilot study (Smith et al. 2021), we 

identified factors through empirical testing that, 

when applied to the IEA residential electricity price 

data for those countries, resulted in prices that best 

matched the electricity prices used for the country 

in question in the pilot study. Since the prices 

used in the pilot study were derived from country-

level electricity market data, they were considered 

reasonably reliable, and it made sense to identify 

conversion factors for the IEA prices used in CWON 

2024 that best matched the prices used in the pilot 

study. In doing so, priority was given to finding factors 

that resulted in prices that matched pilot study prices 

best for recent years, as the pilot study price data for 

recent years were considered the most reliable. The 

factors that were identified in this way are shown in 

Table 3.1 (see the rows colored in blue). 

TABLE 3.1:  RESIDENTIAL-TO-PRODUCER PRICE CONVERSION FACTORS BY COUNTRY/REGION

COUNTRY/REGION RESIDENTIAL-TO-PRODUCER PRICE  
CONVERSION FACTOR

Canada 0.6

United States 0.28

Australia 0.25

Brazil 0.5

China 0.72

Japan 0.46

Russian Federation 0.5

Türkiye 0.6

India 0.9
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17	 See https://datacatalog.worldbank.org/int/search/dataset/0065245/global_power_market_structures_database.
18	 See https://erranet.org/erra-tariff-database/.

COUNTRY/REGION RESIDENTIAL-TO-PRODUCER PRICE  
CONVERSION FACTOR

Europe and Central Asia region  
(western and central European countries)

0.25

Rest of world, competitive markets 0.61

Rest of world, non-competitive markets 0.8

For countries in western and central Europe, we 

similarly identified a conversion factor through 

empirical testing chosen to best match the prices 

used for the European countries included in the pilot 

study (France, Germany, Italy, Spain, Sweden, and the 

United Kingdom). This factor (which turned out to be 

0.25—see the green rows in Table 3.1) was applied to 

all western and central European countries to convert 

the IEA residential prices to our required producer 

prices. We did not apply this factor to countries in 

eastern Europe, as the electricity markets in those 

countries were not considered sufficiently similar to 

those in western and central European countries. 

For all other countries with competitive electricity 

markets according to the World Bank’s Global Power 

Markets Structure Database (Akcura 2024),17 the 

average conversion factor (0.61) of the individual 

countries listed in Table 3.1 (the blue rows) was used, 

weighted by each country’s share of their combined 

2020 hydroelectricity generation. Finally, for all other 

countries (that is, those that were not in the pilot study, 

that are not located in western or central Europe, and 

that are not considered by the World Bank to have 

competitive electricity markets), the factor was set 

to 0.8 based on professional judgement. This value 

was chosen to reflect the likelihood of government 

subsidization of residential prices in countries with 

non-competitive electricity markets, with households 

paying capped electricity prices that are likely close 

to what power producers themselves receive.

To test whether the above approach was reasonable, 

price data from a commercial database from the 

Energy Regulators Regional Association (ERRA) were 

analyzed.18  Though the ERRA database covers only 

44 countries and has many missing values, it does 

offer reasonable coverage of residential and producer 

prices for electricity at the country level on a 

quarterly basis for the period 1999–2022. An analysis 

of the ratio of producer to residential prices in this 

database suggests that the ratio of 0.61 we applied 

to most countries is appropriate. For the period and 

countries covered by the ERRA database, the average 

ratio of producer to residential prices was 0.58. These 

countries are, for the most part, similar to those to 

which we have applied the factor of 0.61 (that is, 

lower- or middle-income countries). 

https://datacatalog.worldbank.org/search/dataset/0065245/global_power_market_structures_database
https://erranet.org/erra-tariff-database/
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Following the estimation of producer prices in LCUs 

for all countries, LCUs were converted to United States 

dollars (USD) using the market exchange rate of the 

reference year:  prices in 1995 LCUs were converted 

to USD by applying the 1995 LCU to USD market 

exchange rate, obtained from the World Bank World 

Development Indicators database.19 Finally, total 

annual revenues from sales of hydroelectric power 

by country (TRt
hydro) were obtained by multiplying 

estimated hydroelectric generation by the estimated 

producer price for each country and year. 

For countries not covered by the IEA Energy Prices 

database, regional average residential electricity 

prices were calculated using the price data for other 

countries in the region. The World Bank’s regional 

income country groupings were used for this purpose. 

Wherever possible, these regional average prices 

were used as proxies for national prices where IEA 

data were missing. In some instances, an appropriate 

regional income-group average was not available 

because there were no countries in the IEA database 

in a specific regional income group (this was the 

case, for example, for low-income countries in South 

Asia). In these instances, we applied the next most 

reasonable average price. For example, if a regional 

average price was missing for a low-income country 

in South Asia, we used the regional average price 

for lower-middle-income countries in South Asia to 

proxy the missing national prices. 

For countries included in the IEA database but 

with data missing for certain years, gaps were filled 

mainly by estimating based on backward or forward 

extrapolation and/or interpolation of available 

data. In a few cases, the ERRA database provided 

appropriate data for a country not fully covered by 

the IEA data and, where this was the case, the ERRA 

data were used (for example, for Albania for the years 

2000–2020). Where ERRA data could not be used, 

gaps were filled using various approaches depending 

on the circumstance. In some cases, missing price 

data were extrapolated forward or backward using 

consumer price index (CPI) data for the country in 

question.20  In others, extrapolation was undertaken 

based on rates of change in the price data. Where 

data values were missing in the middle portions of 

the time series, linear interpolation was used. 

The above approach to converting residential prices 

to producer prices was pragmatic but had several 

limitations. First, the assumption of a time-invariant 

relationship between residential and producer prices 

within countries is unlikely to hold in practice. 

Assuming time-invariance implies that electricity 

transmission/distribution providers and electricity 

generators are affected equivalently when residential 

electricity prices change, which is not necessarily 

the case. Such nuances could not be approximated 

due to the unavailability of a comprehensive global 

electricity producer price database. Second, the 

assumption that the same time-invariant ratio can be 

applied across many countries is a simplification. A 

lower ratio should be expected in large and sparsely 

populated countries, where transmission and 

distribution costs make up a larger share of consumer 

prices. Still, until a global database of producer 

prices is compiled, these pragmatic assumptions are 

the most robust available way to proceed with the 

estimation. This is discussed further in the section 

below on future work. 

19	 See https://databank.worldbank.org/source/world-development-indicators.
20	 As no complete database of CPI data covering all countries and years we required existed, we were obliged to create a database starting from available 

CPI data, which we obtained primarily from the World Bank World Development Indicators database. Where this database was missing values, we filled 
them in using additional data from both the International Monetary Fund (IMF) and the United Nations. In some instances, missing values in the World 
Bank CPI data were directly filled with values from either the IMF or the UN and in others data from either IMF or the UN were used in extrapolation and/
or interpolation of the World Bank data.

M E T H O D S  A N D  D A T A  S O U R C E S  F O R  V A L U I N G  H Y D R O E L E C T R I C  A S S E T S   l

https://databank.worldbank.org/source/world-development-indicators
https://data.imf.org/?sk=4ffb52b2-3653-409a-b471-d47b46d904b5
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3.2.2	 Costs of Electricity Generation

There are two types of hydroelectricity generation 

costs, both of which had to be estimated indirectly:

1.	 	User costs of capital: The annual costs of employing 

the hydroelectric powerplant (including the dam 

and any other civil works) in the production process 

(rKt
hydro in equation 1), comprising the expected 

annual return to the owner of the powerplant plus 

the annual cost of depreciation of the powerplant 

(the δ hydro variable in equation 1). 

2.	 	Operating and maintenance costs: The annual 

expenses required to operate and maintain the 

powerplant, including labour, materials, fuel, and 

other supplies (O&Mt
hydro in equation 1).

Capital costs

As with electricity prices, no global database of 

country-level capital costs for hydro generation exists. 

The closest to this is a set of regional investment 

cost estimates available from IRENA as part of its 

2023 annual report on costs of renewable energy 

generation (IRENA 2023).21 IRENA presents these 

estimates as regional averages for two periods (2010–

2015 and 2016–2021),22  with separate estimates for 

the costs of installing large and small hydro plants. 

To render these capital cost data suitable for use here, 

it was necessary first to extend them to cover the full 

period 1995–2020 23 and then to convert the figures 

from constant USD to nominal USD using the implicit 

GDP price deflator for the United States.24 

With an annual timeseries of nominal capital 

investment costs from 1995–2020 by country 

established, the next task was to create a time series 

of values of the produced capital stocks used in 

hydroelectric generation in each country (Kt
hydro). 

Estimating Kt
hydro was complicated by the fact that 

considerable investment in hydroelectric generation 

infrastructure took place before 1995 in almost all 

countries. Therefore, an estimate was required of the 

1994 produced capital stock value for each country 

before the 1995–2020 time series could be compiled. 

The 1994 estimate was derived by applying an 

approach outlined in the OECD manual on measuring 

capital stocks (OECD 2009; Section 15.7).25  According 

to that approach, a reasonable estimate of the stock 

of produced capital in any base year may be derived 

by dividing the value of investment in the base year 

by the sum of the capital’s deprecation rate plus the 

long-term growth rate of real GDP in the country 

in question. Equation 4 expresses this approach 

to estimating base-year stocks of hydroelectric 

powerplant produced capital stocks.

where,

21	 See https://www.irena.org/Publications/2023/Aug/Renewable-Power-Generation-Costs-in-2022#. Accessed July 29, 2023. 
22	 IRENA’s regional breakdown is Asia, Africa, Central America and the Caribbean, Eurasia, Europe, Middle East, North America, Oceania and South America. 

In addition to these regions, the IRENA capital investment cost data provide specific estimates for three countries: Brazil, China and India. 
23	 Annual values for the IRENA capital costs were estimated as follows: Annual investment costs during the 2010–2015 period were assumed equal to 

IRENA’s 2010-2015 average investment cost value, for the 2016-2020 period they were assumed equal to IRENA’s 2016–2021 average value, and annual 
investment costs prior to 2010 were assumed equal to the average of the IRENA’s 2010–2015 and 2016-2021 values.

24	 This approach parallels that used by IRENA derive the constant price values (IRENA, personal communication).
25	 OECD, 2009. Measuring Capital: Second Edition. Paris: Organisation for Economic Co-operation and Development. 
	 See https://www.oecd.org/publications/measuring-capital-oecd-manual-2009-9789264068476-en.htm. 

4. K0
hydro  = 0I 

hydro

δ hydro+θ

K0
hydro is the value of the produced capital stock 

used for hydroelectric generation in the base year 

(1994 in all but a few cases 26) in a given country 

I0
hydro is the value of investment in produced 

capital used for hydroelectric generation in the 

base year in the country

https://www.irena.org/Publications/2023/Aug/Renewable-Power-Generation-Costs-in-2022
https://www.irena.org/Publications/2023/Aug/Renewable-Power-Generation-Costs-in-2022
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δ hydro is the annual rate of depreciation of 

produced capital used for hydroelectric generation 

(a constant of 1.67 percent in all countries and 

years based on the assumption that hydroelectric 

generating dams and equipment have universal 

60-year service lives)

θ is the long-term annual growth of real GDP in 

the country, derived from real GDP data extracted 

from the World Bank World Development 

Indicators database. 

The main missing piece of information required to 

implement equation 4 was the value of investment, 

I0
hydro, which had to be estimated. To do so, the 

installed hydroelectric generation capacity in each 

country in 1994 was divided by the assumed age of 

the oldest hydroelectric plants in the country 27 to 

derive an estimate of the annual average quantity of 

capacity additions over the history of the country’s 

hydroelectric power industry. This quantity was taken 

to be the addition of new capacity in 1994, which was 

then multiplied by our estimated 1994 investment 

cost derived from the IRENA data to estimate the 

value of I0
hydro in nominal USD. 

Once K0
hydro was estimated, an annual time series of 

hydroelectric produced capital stocks (nominal USD) 

from 1995–2020 for each country was estimated using 

a standard perpetual inventory method approach. 

That is, produced capital investment was added 

in each year to the previous year’s stock value and 

depreciation was deducted. The value of investment 

in each year was then calculated by multiplying the 

newly installed hydroelectric generating capacity in 

that year 28 by that year’s estimated value of capital 

investment costs per unit of installed capacity (in MW). 

Operating and maintenance costs

In addition to providing estimates of capital 

investment costs by region, the IRENA renewable 

energy cost report (IRENA 2023) provides estimates 

of operating and maintenance costs for hydroelectric 

plants. These estimates are highly generalized, 

however, with IRENA simply reporting that, on 

average, operating and maintenance costs at 

hydroelectric plants can be assumed to be around 

2 percent of the capital cost of the installed produced 

capital. In the absence of a better estimate, this figure 

was applied uniformly to all countries and years. 

3.2.3 		  Estimating Rent and Asset Values

With estimates of the revenues generated from 

hydroelectric generation and the associated capital 

and operating and maintenance costs in hand, it was 

straightforward to estimate the rent attributable to 

hydroelectric assets in each country and year using 

equation 1. The only additional variable required was 

r, the economy-wide average annual rate of return to 

produced assets. Ideally, country-specific values of r 
would have been used, but such rates are not readily 

available. We assumed instead the following annual 

rates (intended to reflect real returns), which were 

also used in the pilot study: 4 percent in Europe, North 

America, and Oceania; 8 percent in Africa, Central 

America and the Caribbean, Eurasia, Middle East, 

26	 Four countries had no installed capacity for hydroelectric generation in 1995: Belize, Cambodia, Liberia, and Sierra Leone. For these countries, the value 
of produced capital stocks used in hydroelectric generation were simply estimated by cumulating the net investment in produced capital beginning in 
whatever year the country’s hydroelectric generation began.

27	 This age was taken to be 50 years in all countries except Brazil, India and those North America, Eurasia, Europe, and Oceania, where it was assumed 
to be 75 years. The long period was used for these countries on the grounds that they have longer histories of producing hydroelectric power. 

28	 The newly installed hydroelectric generating capacity was calculated as the difference between the opening and closing stock of installed generating 
capacity in the year.
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and South America; and 10 percent in Asia. These are 

the same rates as those used in the CWON 2021 pilot 

study (Smith et al. 2021).29 Once the hydro resource 

rent was estimated, the final step was to calculate 

the value of hydroelectric assets as the present 

value of future rents over the assumed lifetime of 

hydroelectric assets (100 years) using equation 3. 

In certain instances, the value of RRt
hydro dropped 

below zero in a given country and year due to 

temporary situations respecting electricity prices or 

electricity generation levels, both of which fluctuate 

over time. In those instances, the value of Vt
hydro was 

set to zero. 

3.2.4 		  Estimating Hydroelectric Resource  

		  Asset Values in Real Terms

In the past, it was CWON practice to present asset 

values in real terms by deflating nominal asset values 

using an economy-wide GDP implicit price deflator 

for each country. This practice has been replaced in 

the 2024 edition with a volume index (see chapter 2 of 

CWON 2024) for further details). Volume indexes are 

felt to offer estimates of real asset values that better 

reflect the role assets play in production processes 

rather than the role they play as stores of wealth to 

fund future consumption (Inklaar et al. 2023). For 

CWON 2024, a Törnqvist volume index was chosen 

(Törnqvist 1936). 

In the case of a single asset, like hydroelectric 

resources, it is a simple matter to compile an index 

of the change over time in volume—or quantity—of 

the asset available in the country. This can be done by 

dividing the quantity of the asset available in a country 

in a given year by its quantity in the preceding year: 

 

 

where,

 

 

Implementing equation 5 required a choice of variable 

to represent the quantity of hydroelectric resources 

available at any given time in a given country. An 

obvious choice for the quantity of resources would 

have been the installed generating capacity in a given 

country and year measured in MW. While appropriate, 

installed capacity on its own fails to capture the 

evolution in the quality of hydroelectric resources over 

time. Due to aging of equipment and environmental 

factors such as siltation of reservoirs, there tends to 

be a reduction in the capacity of a hydroelectric plant 

to generate electricity as time passes. In addition, the 

changing climate is affecting the availability of water 

resources in varying ways across the planet, meaning 

that previously suitable locations for hydroelectric 

generation may become less so due to declining water 

availability. This is happening, for example, in the 

Colorado River basin of the United States, where the 

Hoover Dam is becoming less capable of generating 

electricity to its full potential because of reduced 

water levels in its reservoir, Lake Mead (NASA, no 

date). For these reasons, the variable chosen to reflect 

the quantity of hydroelectric resources was electricity 

29	 We acknowledge that making assumptions regarding these rates is less than ideal. However, the impact on the overall results is muted by the fact that 
the expected returns to produced assets do not have a large bearing on the value of resource rent. For example, reducing the assumed rate of return on 
produced assets by 25 percent (from 4 percent to 3 percent) for Canada increases the 2020 estimate of hydroelectric resource value by just 7 percent. 

5. Vol_index thydro  =
Qt 

hydro

Q  hydro
t–1

Vol_index thydro is a volume index of the change 

in hydroelectric resources in year t in a given 

country

Qt
hydro is the quantity of hydroelectric resources 

available in the country in year t

Q hydro is the quantity of hydroelectric resources 

available in the country in year t –1.
t–1
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generation rather than installed generating capacity. 

Using the quantity of electricity actually generated 

as the quantity measure implicitly captures quality 

changes in the installed stock as time goes by, thereby 

providing a quality-adjusted factor in the volume 

index, which is a desirable feature.  

A simple volume index of the type presented in 

equation 5 is useful for assessing changes in the 

quantity of hydroelectric resources from one 

period to the next. But it is not helpful for assessing 

changes over long periods, because the base year 

for the comparison is updated each time the index 

is calculated. To address this issue, a “chained” 

version of the index may be compiled by choosing 

some (arbitrary) year as a base year (set equal to 100 

by convention) and then expressing change over 

time relative to it. The formulae below show how 

this is done for the base year (equation 6), for years 

earlier than the base year (equation 7), and for years 

following the base year (equation 8). 

30	 In the case of a single, homogenous asset like hydroelectric assets, changes in the volume index over time are driven entirely by changes in the physical 
quantity of the asset (in this case, by changes in the quantity of hydroelectricity generated over time). Expressing those changes in chained 2019 USD is 
merely a matter of presentation, done to put the changes in terms that are more familiar in an economic context. Changes in the prices of hydroelectric 
assets relative to other assets do, however, come into play when those assets are aggregated with other assets into the broader volume indexes of 
natural capital and, ultimately, comprehensive wealth presented in this report (see chapter 2 of CWON 2024 for details). In those indexes, changes in 
hydroelectric assets will figure more or less prominently in changes in the broader indexes depending on whether hydroelectric assets increase or 
decrease in value relative to other assets over time.

6. Vol_index_chained 
hydro      = 100

Base year

7. Vol_index_chained hydro  = Vol_index_chained t
hydro

Vol_index t
hydrot–1

8. Vol_index_chained hydro  =  
t +1

    Vol_index  hydro  
t +1Vol_index_chained 

hydro 
t *

In principle, a chained volume index constructed 

according to equations 6 through 8 is all that is 

required to show change over time in a single asset 

like hydroelectric resources. However, many people 

are not accustomed to thinking about wealth and 

economic figures in general using unitless index 

numbers. It is therefore customary to present such 

index values using monetary units called “chained 

base-year prices”. In the case of CWON 2024, 2019 has 

been chosen as the base year for the volume index 

and USD are the basis for prices, so we express final 

hydroelectric resource values in chained 2019 USD.30

Expressing the unitless index numbers in chained 2019 

USD was accomplished by re-expressing the quantity 

index as series of values relative to the nominal USD 

value of hydroelectric resources in 2019, with the 

chained 2019 USD value in any given year equal to the 

2019 nominal USD value multiplied by the chained 

index value for that year. The formulae below show 

how this was done for the base year (equation 9) and 

for years other than the base year (equation 10):

Vol_index_chained hydro   
t

=Vol_index_chained_monetary  hydro   
Base year

10. Vol_index_chained_monetary  hydro 
t *

9. Vol_index_chained_monetary  hydro      = Base year nominal asset value  hydro   
Base year
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While the validity of the NPV-RVM as an approach 
to valuing hydroelectric resources is supported 
by the results of this first global valuation effort, 
the approach could be further stress-tested using 
alternative valuation methods. As discussed by 
Smith et al. (2021), an approach known as the 
least-cost alternative method has been used to 
value hydroelectric assets in several other studies. 
Applying the least-cost alternative method to 
countries with substantial hydroelectric resources 
and different electricity market structures could aid 
in validating the results of the NPV-RVM method 
presented here. 

In addition to further testing to validate the NPV-
RVM approach, the points below could also be 
investigated in future research. 

•	 Producer prices: As discussed earlier, the 
approach to estimating prices received 
by hydroelectric producers has important 
limitations. These data could be improved by 
compiling a global database of average annual 
wholesale electricity market prices. Such prices 
are likely to be close to the prices received by 
hydroelectric producers, at least in countries 
with open and competitive electricity markets. 
Such a database would also have shortcomings, 
though, as annual average electricity prices 
would fail to capture the dynamics of electricity 
markets, which can be important with the 
advent of spot market pricing in many countries. 
Wholesale market prices will also not reflect 
the prices received by hydroelectric producers 
in cases where those producers have negotiated 
long-term power purchase agreements that 
allow them to receive steady revenue streams 
regardless of price trends in wholesale markets. 
The extent to which average annual wholesale 

prices accurately reflect the prices received 
by producers and the extent to which power 
purchase agreements include subsidies could be 
validated by undertaking detailed studies of the 
hydroelectric industries in specific countries. 

•	 Treatment of subsidies: Subsidies are not 
accounted for in the valuation of hydroelectric 
assets here. This was done to ensure consistency 
in the valuation of all natural resources 
across the CWON natural capital accounts. 
As discussed earlier, although international 
guidance on natural resource valuation 
recommends adjustment for subsidies and 
taxes in estimating resource rent, the practice 
in national statistical offices is generally to leave 
subsidies in due to the lack of data. Resolving 
this issue would require a global database of 
subsidies received by producers and consumers 
of natural resource commodities that could be 
used to estimate resource rent net of subsidies. 
Such a database would be challenging to build, 
but good work in that direction—at least, 
for subsidies to fossil fuels—is already being 
done by the OECD (2022), the International 
Institute for Sustainable Development’s Global 
Subsidies Initiative (IISD, no date) and the 
International Energy Agency (IEA, 2023). 

•	 Non-electricity income: Some water reservoir 
operators are remunerated for services not 
related to electricity generation, such as 
irrigation, water supply, recreation, and 
flood control. The extent to which the costs 
associated with these services are included 
in available data on costs associated with 
electricity production requires further 
investigation. In principle, only costs 
associated with electricity production should 
be included in valuing hydroelectricity assets. 

4		 Future Research Agenda
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•	 Initial produced capital stock estimates and 

depreciation profiles: The approach used to 
estimate the value of the initial (1994) stock of 
hydroelectric generating infrastructure could 
be improved. This is especially important in 
countries where a high percentage of installed 
generating capacity was already in place in 
1994. A related matter is the depreciation profile 
applied to the produced capital stock. A very 
simple profile was assumed: constant linear 
depreciation over an assumed 60-year lifetime 
for the generating infrastructure. Several aspects 
of this choice merit further investigation. Is 
the assumed 60-year lifetime reasonable in all 
cases? Do hydroelectric reservoirs and dams 
typically last longer, for example? Should all 
infrastructure be assumed to depreciate linearly 
or should other profiles be considered? 

•	 Returns to produced capital: Due to lack 
of suitable information on rates of return to 
produced capital by country, regional rates  
were assumed. This is less than ideal and 
additional research should be undertaken to 
identify country-specific rates for the next 
edition of CWON. 

•	 Operation and maintenance costs: For lack of 
actual operation and maintenance data, costs 
were assumed to be a constant share of the 
produced capital stock and these shares were 
assumed to apply equally across countries. It 
would be preferable to have directly observed 
data on operation and maintenance costs, as 
they can be sizable, particularly in countries 
with low hydroelectricity capacity factors. 

•	 Valuation of solar, wind, geothermal, and  

other renewable energy assets: Inclusion of 
renewable energy assets beyond hydroelectric 
assets was not possible here due to data 
limitations. The main hurdle preventing the 

inclusion of solar and wind assets was the lack 
of a suitable time series of producer price data 
for solar/wind producers. The producer prices 
we estimated for hydroelectric producers were 
not suitable for use in valuing solar/wind assets 
because those prices were designed to reflect 
prices in wholesale markets. While such prices 
are an acceptable proxy for the prices received 
by hydroelectric producers, this is not the case 
for solar/wind producers where large subsidies 
are paid directly to producers in the form of 
feed-in-tariffs, technology, and site-specific 
auctions or other commercial arrangements 
under the power purchase agreements. Had 
we used those prices to value solar/wind assets, 
we would have substantially undervalued them 
in comparison to other renewable natural 
capital assets, including hydroelectric assets. 
For geothermal assets, it may well be that the 
data required to value them are available at the 
national level in countries where such resources 
are important (such as Iceland, Kenya, New 
Zealand, El Salvador, and the Philippines), but 
carrying out valuation for individual countries 
using national data is not feasible for CWON, 
which relies on the availability of global 
databases for the compilation of comprehensive 
wealth accounts for 150 countries. The same 
could likely be said for valuing the direct use of 
solar heat for hot water heating, evaporation, 
and drying. The next step in the valuation of 
these assets would best be a pilot study to test 
concepts and methods and assess available 
data sources, as was done for hydro, solar, 
and wind electricity assets in CWON 2021. 
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Appendix 1: 
Concepts of resource rent and their applicability to hydroelectric assets

All resource rent concepts share a focus on the 
benefits accruing to a factor of production over and 
above what is required to maintain that factor in the 
productive process, though they highlight different 
circumstances by which these payments come about. 
The concepts can be roughly categorized as follows 
(Sinner and Scherzer, 2007).

•	 Ricardian/differential rents: Rents that accrue 
to the more productive factors of production 
in homogenous input markets. In equilibrium, 
the price at which the least-productive firm 
is willing to produce clears the market; all 
firms with marginal costs below this price 
earn Ricardian (also called “differential”) 
rents (Hartwick and Olewiler, 1999). Classical 
economists recognized that the location of a 
resource could be the source of Ricardian rents.

•	 Scarcity/absolute rents: Rents that arise when 
demand exceeds supply in the long term. Since 
supply cannot be increased either for natural 
(fixed physical stock) or arbitrary (regulated 
entry barriers) reasons, “limits on the supply of a 
resource allow producers to charge prices greater 
than their marginal cost” (Rothman, 2000, p.4).

•	  Marshallian short-run/quasi rents: Rents that 
arise in the short term; that is, in the absence of 
a stable long-term equilibrium. Quasi-rents arise 
when demand exceeds supply at a fixed point in 
time and are dissipated as the prospect of rent 
capture encourages more entrants to the market. 

In all cases, the fundamental source of rent is scarcity. 
Wessel (1967) considers Ricardian rent to be a pure 
scarcity rent, as it is the scarcity of more-productive 
factors that allows them to earn differential rents. 
Such pure rents can be taxed or otherwise collected 
by society, as the collective resource owner, without 
reducing incentives to invest by energy producers. 
If scarcity is not permanent, Marshall’s “quasi-rents” 
emerge until long-term equilibrium is reached. 

Not all renewable energy markets 31  can be considered 
to be in long-term competitive equilibrium, 
especially not those in the rapidly emerging areas of 
solar and wind energy. This has implications for the 
nature and level of rent and its distribution among 
factors of production. For example, Ricardian/
differential and scarcity/absolute rents are based on 
the supposition of market equilibrium. By contrast, 
Marshallian quasi-rents are features of markets that 
are not in long-term equilibrium. 

An additional challenge is that the inexhaustible 
nature of renewable energy resources poses 
challenges to theories of value and thus to theories 
of rent.32  This is most obvious for wind and solar 
resources, though it applies to hydroelectric resources 
as well. Scarcity and differential rents arise locally, 
however, as a given site can only be used for solar/
wind/hydro electricity production by one economic 
unit at a time and because the resources themselves 
are variable in quality (wind currents are not the 
same everywhere, the intensity of the sun varies with 
latitude, and the hydraulic characteristics of rivers 
differ). Scarcity may also be arbitrarily imposed; for 
example, through legislation granting excludable 
rights to generate and sell energy on these sites.

31	 Renewable energy markets are here understood as more than just markets for electricity produced from renewable sources. They also include markets 
for producers of renewable energy generation technologies and their supply chains.

32	 A related measurement problem arises when the supply of resources is increasing over time (or total expenditures are growing): a declining cost share 
of the resource is equated with declining productivity in growth accounting, producing a biased view of the contribution to economic growth over time. 




