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Macquarie Global Listed Infrastructure1 
Should we fear renewables in the power system… 
The repowering of global economies this century has sought to deliver relatively cheap, clean, and reliable electricity. 
One of the biggest concerns amongst consumers and observers of energy markets is that renewable energy, which 
has seen the most significant rate of growth in recent times, does not produce electricity in a manner that appears 
predictable, in short it has intermittency issues. 

In more common terminology, renewables “don’t work when the wind doesn’t blow, and the sun doesn’t shine”.  
This seemingly unpredictable output strikes at the core of consumer concerns – the worry that electricity is not 
available when the switch is flicked. 

 
 

  

 
1 Macquarie Listed Infrastructure is an equity team within Macquarie Asset Management’s (MAM) Equity & Multi-Asset business. 

What is it about renewables that is attractive 
from an investment perspective? 

Macquarie seeks investments in listed 
infrastructure companies that feature returns 
linked to contracted or regulated revenue streams. 
Renewables offer an attractive investment 
opportunity given the quantum being invested, and 
the attractive investment features, such as high 
operating margins due to no input cost of fuel; and 
preferential access to the grid due to zero marginal 
cost of operation. Intermittent operation of 
renewable assets has few implications from an 
investment standpoint… in the short run they have 
highly volatile performance (‘wind doesn’t blow, sun 
doesn’t shine’), but over each year of operation 
they have significantly more predictable 
operational performance. 
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In this note we explore the relationship between different generation technologies and electricity system reliability, 
with the United States, a significant electricity market as well as a significant part of the listed infrastructure 
universe, as a case study. In doing so we aim to answer the question “should consumers fear growing proportions 
of renewables within the power system?”, or are there other factors that are correlated with unreliability. The 
United States is the world’s second largest producer of electricity in the world, only behind China. Since 1990 the 
generation mix has altered significantly, with coal output declining by -58% since 2005, and gas-fired generation 
increasing by +123% over the same period, a result of the significant increase in gas supplies from the shale gas 
revolution. 

Renewable energy from Solar and Wind have increased from 0.4% of the country’s output in 2005 to 14.0% in 2022, 
a factor of 33x. 

 
Source: International Energy Agency. 

In recent years, the United States has been experiencing declining levels of electricity system reliability. The most 
frequently used measure of unreliability is the number of minutes that electricity consumers are without electricity 
supply on average across a service area. This measure of unreliability is known as System Average Interruption 
Duration Index or “SAIDI”. As can be seen below, SAIDI has been rising across the United States in recent years,  
a period during which coal has been reducing in significance and gas and renewable energy has been rapidly gaining. 
This statistic alone is often cited as drawback of the growing levels of investment in renewables. 

 
Source: United States Energy Information Administration. 
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Reliability in United States – State vs state 
Access to reliable electricity is an essential ingredient in developing a prosperous, innovative, and equal opportunity 
society. The diagram below provides a comparison of the best and worst states with respect to electricity supply 
reliability (green the best, red the worst).  The diagram shows that across the United States there exists a wide range 
of reliability outcomes for consumers. The best reliability outcomes appear in the east of the country, and across a 
broad number of states in the Mid-West. Outages are also higher at the extremities (such as Alaska and the far 
Northeast), and the central southern states. 
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Source:  United States Energy Information Administration. 

The state with the least reliable electricity supply is West Virginia at 544 minutes on average per customer. It also 
has five near neighbours that also sit in the ten least reliable electricity suppliers.  

A significant proportion of the top ten most reliable states are on the East Coast. An additional clustered group of 
states in the central north of the country perform well with respect to reliability. 

The outcomes are clearly not random in nature, rather clustered in certain regions. So, what is driving these 
outcomes if not random in nature? What are the factors that are correlated with higher unreliability? 

Renewables penetration in the United States 
Renewable energy adoption rates (defined as electricity generation from wind and solar for this analysis) have, for 
various reasons, been uneven across different states. As at the end of 2022, the state with the highest penetration 
of wind and solar was Iowa which is located near similarly equipped states of North and South Dakota, and further 
south, Kansas and New Mexico. The states with the lowest renewable penetration rates, despite significant natural 
resources, are Louisiana, Kentucky, Arkansas, Tennessee, and Alabama. Further afield sit Connecticut and Delaware 
with 1% penetration. Renewable generation assets  benefit from high wind resources in the Mid-West. Higher solar 
resources act as an incentive to install solar generation in those states closer to the equator. 
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Source: United States Energy Information Administration. 
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Is there a positive relationship between unreliable supply of electricity and renewable 
penetration? 
In short, no. There is a clear negative correlation between higher levels of wind and solar generation in a state 
and unreliable electricity supply to end customers. States with renewables penetration over 30% such as New 
Mexico, Colorado and South Dakota have average SAIDI levels of 105 minutes compared to states with less than 5% 
renewables penetration, such as Pennsylvania, Maryland and Arkansas which have 171 minutes on average, a 63% 
higher level.  

 
Source: United States Energy Information Administration. 
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Has more renewables investment led to better or worse reliability? 
Better reliability. In the US, there is a negative correlation between electricity unreliability and increased renewable 
investment over the period 2013-22. The chart below shows the increase in renewables as a percent of the energy 
mix relative to the change in SAIDI, or electricity unreliability. The largest increase in renewables has been seen in 
Iowa which has increased renewables as a percent of generation by +36%. Reliability has remained relatively flat: four 
minutes less outage per annum. A number of states have seen SAIDI decreases with increased renewables, the most 
notable being Utah, a state that has increased renewables by +10.3% between 2013 and 2022. At the other end of 
the spectrum, the five worse performers with respect to reliability have each lifted renewables generation as a 
percent of total generation by less than 2% over 2013-22.  

 

Source: United States Energy Information Administration. 
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What factors are correlated with unreliability in the US? 
Recall the clustered nature of unreliability in the US. As we’ve seen there is no positive correlation between 
renewables and unreliability, in fact the opposite. We next explore other variables that may explain the drivers of 
unreliability. Below we investigate, by state: population density, forest cover, precipitation levels, personal income, 
and geographic proximity to coast. 

Factor Correlation Comment 

Population density Correlation with unreliability = -0.24 Higher population density is correlated with more 
reliable electricity supply. We compared population 
density using the metric of population per square 
mile of land based on US census data. 

Forest Cover  Correlation with unreliability = 0.43 There is a relatively strong correlation between 
forest cover and less reliable electricity supply.  
We used data from the US Department of 
Agriculture to investigate the level of timberland by 
US state. Service disruptions from network damage 
resulting from falling trees or tree limbs is a 
significant cost for utilities due to preventative 
maintenance programs. 

Precipitation level Correlation with unreliability = 0.18 There is a relatively strong correlation between 
precipitation levels and less reliable electricity 
supply. Precipitation levels in the United States are 
highest along the eastern half of the country.  
A second geographic region with higher rainfall is the 
US Gulf Coast, a result of tropical storm activity.  
A driver of power outages is storm activity due to 
high winds which can directly or indirectly (via storm 
debris) interrupt network services.  

Personal income Correlation with unreliability = -0.43 There is a relatively strong negative correlation 
between income levels and less reliable electricity 
supply. Higher incomes on the east and west coasts 
of the US reflect concentrations of economic activity 
within and around large cities. Higher incomes clearly 
imply a greater ability to invest in electricity supply 
systems to improve service levels.  

Geographic 
proximity to  
the coast 

Correlation with unreliability = 0.12 There is a weak positive correlation between 
proximity to the coast and less reliable electricity 
supply. We explored whether being exposed to the 
natural elements to a greater degree (such as for 
Hawaii or the Florida peninsula) leads to lesser 
reliability.  

Source: https://www2.census.gov/programs-surveys/decennial/2020/data/apportionment/population-density-data-table.pdf 

"Forest Inventory and Analysis Fiscal Year 2016 Business Report" (PDF). United States Department of Agriculture.  

Source: https://coolweather.net/extremes/wettest_driest_us_states.htm#google_vignette 

Source: U.S. Bureau of Economic Analysis, Census Bureau midyear population estimates available as of December 2023. 
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Conclusion  
A false conclusion can be easily drawn from a simple analysis of rising renewables deployment and rising electricity 
system interruptions, or SAIDI, over the last decade. Increases in electricity outages has been greatest in US states 
that have increased renewables penetration the least. Data strongly suggests that electricity unreliability is most 
closely related to natural features such as the level of tree cover and rainfall/storm activity, factors that largely 
impact network assets, as opposed to electricity generation assets themselves. Economic and geographic factors 
such as income levels and population density can potentially insulate consumers from system outages due to greater 
investment. Crucially, there exists a negative relationship between renewables penetration and system unreliability, 
or more simply put, the more renewables, the more reliable electricity supply appears to be. 
 

Correlation between unreliability and six key drivers 

  Unreliability (SAIDI) 

Forest Cover 0.43 

Precipitation (in) 0.18 

Proximity to coast 0.12 

Renewables % -0.19 

Population Density -0.24 

Personal Income -0.43 
 

Source: Macquarie 

https://www2.census.gov/programs-surveys/decennial/2020/data/apportionment/population-density-data-table.pdf 

"Forest Inventory and Analysis Fiscal Year 2016 Business Report" (PDF). United States Department of Agriculture.  

Source: https://coolweather.net/extremes/wettest_driest_us_states.htm#google_vignette 

Source: U.S. Bureau of Economic Analysis, Census Bureau midyear population estimates available as of December 2023. 

  

https://www.fs.fed.us/sites/default/files/fs_media/fs_document/publication-15817-usda-forest-service-fia-annual-report-508.pdf
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Contact us 
Visit Macquarie Asset Management to find out more about our range of investments and how our solutions can help 
you to meet your goals.  

Have a question. Please click here to contact us and one of our team will respond. 

Key risks 

The potential for adverse events in the global infrastructure sector to impact the performance of the investments of 
the Strategy. Investments in securities issued by companies which are principally engaged in the infrastructure 
business will subject the Strategy to risks associated with direct investment in infrastructure assets. Factors such as 
the availability of finance, the cost of such finance in general as well as in comparison to prior periods, the level of 
supply of suitable infrastructure projects and government regulations relating to infrastructure may influence the 
value of these investments and hence the Strategy.  

The risks of investing in the infrastructure sector include those listed here.  

New project risk: Where an infrastructure issuer invests in new infrastructure projects, it is likely to retain some 
residual risk that the project will not be completed within budget, within the agreed time frame and to the agreed 
specification.  

Strategic asset risk: Infrastructure assets may include strategic assets, that is, assets that have a national or 
regional profile, and may have monopolistic characteristics. The nature of these assets may generate additional risk 
given the national/regional profile and/or their irreplaceable nature and may constitute a higher risk target for 
terrorist acts or political actions.  

Documentation risk: Infrastructure assets are often governed by a complex series of legal documents and 
contracts. As a result, the risk of a dispute over interpretation or enforceability of the documentation may be higher 
than for other issuers.  

Operation risk: Should an infrastructure issuer fail to maintain and operate the assets efficiently, the ability to 
maintain payments of dividends or interest to shareholders may be impaired. Failure by the infrastructure issuer to 
carry adequate insurance or to operate the asset appropriately could lead to significant losses and damages. 

International investments entail risks including fluctuation in currency values, differences in accounting principles, or 
economic or political instability. Investing in emerging markets can be riskier than investing in established foreign 
markets due to increased volatility, lower trading volume, and higher risk of market closures. In many emerging 
markets, there is substantially less publicly available information, and the available information may be incomplete 
or misleading. Legal claims are generally more difficult to pursue. The Strategy may invest in preferred stock and 
hybrid securities, which may have special risks. Preferred and hybrid securities may include provisions that permit 
the issuer, at its discretion, to defer distributions for a stated period without any adverse consequences to the 
issuer. Some preferred and hybrid securities are non-cumulative, meaning that the dividends do not accumulate and 
need not ever be paid. A portion of the Strategy’s assets may include investments in non-cumulative preferred or 
hybrid securities, under which the issuer does not have an obligation to make up any arrears to its investors. 
Preferred and hybrid securities may be substantially less liquid than many other securities, such as common stocks 
or US government securities. Generally, preferred and hybrid security holders (such as the Strategy) have no voting 
rights with respect to the issuing company unless preferred dividends have been in arrears for a specified number of 
periods, at which time the security holders generally may select a number of directors to the issuer’s board. 
Generally, once all the arrears have been paid, the security holders no longer have voting rights. In certain varying 
circumstances, an issuer of preferred or hybrid securities may redeem the securities prior to a specified date. For 
instance, for certain types of preferred or hybrid securities, a redemption may be triggered by a change in federal 
income tax or securities laws. A redemption by the issuer may negatively impact the return of the security held by 
the Strategy. 

  

https://www.macquarie.com/uk/en/about/company/macquarie-asset-management.html
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Important information 
Source for all performance data unless noted: Macquarie. 
For investment professional and institutional investor use only. Not for use with the public. EQ-EUROPE GLI 07/2024 3718204  
This document is a marketing communication issued by Macquarie Asset Management (MAM). The information in this document is general in nature and does not constitute legal, 
tax or investment advice or an offer or a solicitation to engage in any investment activity. Before acting on any information, you should consider the appropriateness of it having 
regard to your particular objectives, financial situation and needs and seek advice. Investing involves risk, including the possible loss of principal. The distribution and the offering of 
funds in certain jurisdictions may be restricted by law. The views expressed represent the investment team’s assessment of the Strategy and market environment as of the date 
indicated, and should not be considered a recommendation to buy, hold, or sell any security, and should not be relied on as research or investment advice. Holdings are as of the date 
indicated, and subject to change. Past performance is no guarantee of future results (including from an environmental, social or governance (“ESG”) or sustainability 
perspective). 
MAM is the asset management division of Macquarie Group. MAM is a full-service asset manager offering a diverse range of products across public and private markets including fixed 
income, equities, multi-asset solutions, private credit, infrastructure, renewables, natural assets, real estate, and asset finance. The Public Investments business is a part of MAM and 
includes the following investment advisers: Macquarie Investment Management Business Trust (MIMBT), Macquarie Funds Management Hong Kong Limited, Macquarie Investment 
Management Austria Kapitalanlage AG, Macquarie Investment Management Global Limited, Macquarie Investment Management Europe Limited, and Macquarie Investment 
Management Europe S.A. In Switzerland, the Representative in Switzerland is Carnegie Fund Services S.A., 11, rue du Général-Dufour, CH-1204 Geneva, Switzerland. The Articles, the 
Prospectus, the Key Investor Information Documents, and the most recent annual and semiannual reports for Switzerland can be obtained free of charge at the Swiss Representative’s 
office. The Paying Agent in Switzerland is Banque Cantonale de Genève, 17, quai de l’Ile, CH-1204 Geneva, Switzerland. The Fund is authorised by the Swiss Financial Supervisory 
Authority FINMA for distribution to qualified investors and non-qualified investors in and from Switzerland. For recipients in the European Economic Area, this document is a 
financial promotion distributed by Macquarie Investment Management Europe S.A. (MIME S.A.) to Professional Clients or Eligible Counterparties defined in the Markets in Financial 
Instruments Directive 2014/65/EU. MIME S.A. is authorised and regulated by the Commission de Surveillance du Secteur Financier. MIME S.A. is incorporated and registered in 
Luxembourg (Company No. B62793). The registered office of MIME S.A. is 10A Boulevard Joseph II, L-1840 Luxembourg. For recipients in the United Kingdom, this document is a 
financial promotion distributed by Macquarie Investment Management Europe Limited (MIMEL) to Professional Clients or Eligible Counterparties defined in the Markets in Financial 
Instruments Directive 2014/65/EU. MIMEL is authorised and regulated by the Financial Conduct Authority. MIMEL is incorporated and registered in England and Wales (Company No. 
09612439, Firm Reference No. 733534). The registered office of MIMEL is Ropemaker Place, 28 Ropemaker Street, London, EC2Y 9HD. The investment capabilities described herein are 
managed by MIMEL, with day-to-day management responsibilities sub-delegated to relevant affiliated managers. This document has not been prepared in accordance with legal 
requirements designed to promote the independence of investment research and is not subject to any prohibition on dealing ahead of the dissemination of investment research.  
For recipients in Australia, this document is provided by Macquarie Investment Management Global Limited (ABN 90 086 159 060 Australian Financial Services Licence 237843) solely 
for general informational purposes. This document does not constitute a recommendation to acquire, an invitation to apply for, an offer to apply for or buy, an offer to arrange the 
issue or sale of, or an offer for issue or sale of, any securities in Australia. This document has been prepared, and is only intended, for ‘wholesale clients’ as defined in section 761G of 
the Corporations Act and applicable regulations only and not to any other persons. This document does not constitute or involve a recommendation to acquire, an offer or invitation 
for issue or sale, an offer or invitation to arrange the issue or sale, or an issue or sale, of interests to a ‘retail client’ (as defined in section 761G of the Corporations Act and applicable 
regulations) in Australia. For recipients in Asia, the information on this webpage is not, and should not be construed as, an advertisement, an invitation, an offer, a solicitation of an 
offer or a recommendation to participate in any investment strategy or take any other investment action, including to buy or sell any product or security or offer any banking or 
financial service or facility in any jurisdiction where it would be unlawful to do so. The content on this webpage is for informational purposes only and is intended for institutional 
investors and investment professionals only. For recipients in Japan, this document is provided to Qualified Institutional Investors and other professional investors only by Macquarie 
Investment Management Advisers and/or its affiliate(s), which is/are supported by Macquarie Asset Management Japan Co., Ltd. (“MAMJ”), a Financial Instruments Business Operator: 
Director General of the Kanto Local Finance Bureau (FIBO) No.2769 (Member of Japan Investment Advisers Association and Type II Financial Instruments Firms Association). MAMJ may 
distribute this document to nonprofessional investors by providing appropriate disclosure and taking any other action required to comply with the Financial Instruments and Exchange 
Act of Japan and with any other applicable laws and regulations of Japan. For recipients in Hong Kong, this document is provided by Macquarie Funds Management Hong Kong Ltd  
(CE No. AGZ772) (“MFMHK”), a company licensed by the Securities and Futures Commission (“SFC”), to “professional investors” (within the meaning of the Securities and Futures 
Ordinance (“SFO”) and the rules made thereunder) only for the purpose of giving general information. The information contained in this document has not been approved or reviewed 
by any regulatory authority in Hong Kong and is provided on a strictly confidential basis for your benefit only and must not be disclosed to any other party without MFMHK’s prior 
written consent. If you are not the intended recipient you are not authorised to use this information in any way. Units in any funds mentioned herein may not be offered or sold in Hong 
Kong by means of this document or any other document other than to persons who are “professional investors” as defined in the SFO and rules made thereunder or in circumstances 
which do not constitute an offer to the public for the purposes of the SFO or any other applicable legislation in Hong Kong. Units in any funds mentioned herein may not be offered or 
sold in Hong Kong by means of this document or any other document other than to persons who are “professional investors” as defined in the SFO and rules made thereunder or in 
circumstances which do not constitute an offer to the public for the purposes of the SFO or any other applicable legislation in Hong Kong. For recipients in Korea , this document is 
provided at the specific request of the recipient who is a professional investor as specified under Article 9(5) of the Financial Investment Services and Capital Markets Act (“Act”) 
without any solicitation by Macquarie. This document may not be distributed, either directly or indirectly, to others in Korea. The products and services have not been registered under 
the Act, and none of the interests may be offered, sold or delivered, or offered or sold to any person for re-offering or resale, directly or indirectly, in Korea or to any resident of Korea 
except pursuant to applicable laws and regulations of Korea. 
Other than Macquarie Bank Limited ABN 46 008 583 542 (“Macquarie Bank”), any Macquarie Group entity noted in this document is not an authorized deposit-taking 
institution for the purposes of the Banking Act 1959 (Commonwealth of Australia). The obligations of these other Macquarie Group entities do not represent deposits or 
other liabilities of Macquarie Bank. Macquarie Bank does not guarantee or otherwise provide assurance in respect of the obligations of these other Macquarie Group entities. 
In addition, if this document relates to an investment, (a) the investor is subject to investment risk including possible delays in repayment and loss of income and principal 
invested and (b) none of Macquarie Bank or any other Macquarie Group entity guarantees any particular rate of return on or the performance of the investment, nor do they 
guarantee repayment of capital in respect of the investment. 
Use of data 
In preparing this document, MAM has used a variety of data sources, including data it has gathered itself directly from investee companies and/or publicly available sources, and data 
provided by third party data providers. Any data source used may not be comprehensive, may use estimations or may involve a qualitative assessment, for example by a third party 
data provider. Further, there may be discrepancies between data sources, as well as data gaps, lags or limitations in the methodology for a particular data source. Divergent 
ESG-related views, approaches, methodologies and disclosure standards exist in the market, including among data providers, with respect to the identification, assessment, 
disclosure or determination of “ESG” factors, indicators or principal adverse impacts associated with an investment, product or asset, and different persons may consider or treat the 
same investment, product, asset, targets, actions or the like, differently from a sustainability perspective. Data provided by a third party may also be subject to change. MAM has taken 
reasonable steps to mitigate the risks associated with any data limitations but does not make any representation or warranty as to the completeness or accuracy of any third-party 
data (whether actual or estimated), or of any other data that is disclosed in this document. 
The Global Industry Classification Standard (“GICS”) was developed by and is the exclusive property of Morgan Stanley Capital International Inc. (“MSCI”) and Standard and Poor’s, a 
division of the McGraw-Hill Companies, Inc, (“S&P) and is licensed for use by Macquarie Group. Neither MSCI, S&P nor any third party involved in the making or compiling of the GICS or 
any CICS classifications makes any express or implied warranties with respect to such standard or classification (or the results to be obtained by the use thereof), and all such parties 
hereby expressly disclaim any warranties of originality, accuracy, completeness, merchantability and fitness for a particular purpose with respect to any of such standard or 
classification. Without limiting any of the foregoing, in no event shall MSCI, S&P, any of their affiliates or any third party involved in making or compiling the GICS or any GICS 
classifications have any liability for any direct, indirect, special, punitive, consequential or any other damages (including lost profits) even if notified of the possibility of such damages. 
All third-party marks cited are the property of their respective owners. © 2024 Macquarie Group Limited. 
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