
Lawrence Berkeley National Laboratory
LBL Publications

Title

COST-BENEFIT ANALYSIS FOR SMART GRID PROJECTS

Permalink

https://escholarship.org/uc/item/6c87n7h3

Authors

Karali, Nihan
He, Gang
Mauzey, Josh
et al.

Publication Date

2023-12-12
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6c87n7h3
https://escholarship.org/uc/item/6c87n7h3#author
https://escholarship.org
http://www.cdlib.org/


    

 

COST-BENEFIT ANALYSIS FOR SMART GRID 
PROJECTS  

Authors: 

Nihan Karali, , Gang He, Josh Mauzey1, Chris Marnay, Han Zhu  
1Southern California Edison 

 

 

Energy Analysis and Environmental Impacts Division  
Lawrence Berkeley National Laboratory  

May 2015  

Pre-print version of proceedings of the Energy Security, Technology and 
Sustainability Challenges Across the Globe, Antalya, Turkey - May 25-27, 2015. 

 

This work was supported by the U.S. Department of State’s Office of the Special Envoy for Climate Change and managed by the Office of Electricity Delivery and Energy Reliability of the U.S. Department of 
Energy through contract #DE-AC02-05CH11231 with the Regents of the University of California. The U.S. Government retains, and the publisher, by accepting the article for publication, acknowledges, that 
the U.S. Government retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce the published form of this manuscript, or allow others to do so, for U.S. Government purposes. 
This work was also supported by the National Energy Agency of China and the State Grid Corporation of China. This work was also realized with the support of the European Commission, Joint Research Centre. 
The scientific output expressed does not imply a policy position of the European Commission. Neither the European Commission nor any person acting on behalf of the Commission is responsible for the use 
which might be made of this publication.   



   

Disclaimer 
 

This document was prepared as an account of work sponsored by the United States Government. While this 
document is believed to contain correct information, neither the United States Government nor any agency 
thereof, nor The Regents of the University of California, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by its trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof, or The Regents of the 
University of California. The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the United States Government or any agency thereof, or The Regents of the University of California. 

 
Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer. 

 
Copyright Notice 

 
This manuscript has been authored by an author at Lawrence Berkeley National Laboratory under Contract 
No. DE-AC02-05CH11231 with the U.S. Department of Energy. The U.S. Government retains, and the 
publisher, by accepting the article for publication, acknowledges, that the U.S. Government retains a non-
exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this 
manuscript, or allow others to do so, for U.S. Government purposes. 
 
 



 

 1 

COST-BENEFIT ANALYSIS FOR SMART GRID PROJECTS 

Nihan Karali, Lawrence Berkeley National Laboratory, Phone: +1 510 495 8185, Email: NKarali@lbl.gov  
Gang He, Lawrence Berkeley National Laboratory, Phone: +1 510 486 5263, Email: GangHe@lbl.gov@lbl.gov  

Josh Mauzey, Southern California Edison, Phone: +1 714 895 0506, Email josh.mauzey@sce.com   
Chris Marnay, Lawrence Berkeley National Laboratory, Phone: +1 510 486 7028, Email: ChrisMarnay@lbl.gov  

Han Zhu, Lawrence Berkeley National Laboratory, Phone: +1 510 486 4733, Email: HZhu@lbl.gov@lbl.gov  
 

Overview   
The U.S. is unusual in that a definition of the term “smart grid” was written into legislation, appearing in the Energy 
Independence and Security Act (2007). When the recession called for stimulus spending and the American Recovery 
and Reinvestment Act (ARRA, 2009) was passed, a framework already existed for identification of smart grid 
projects. About $4.5B of the U.S. Department of Energy’s (U.S. DOE’s) $37B allocation from ARRA was directed to 
smart grid projects of two types, investment grants and demonstrations. Matching funds from other sources more than 
doubled the total value of ARRA-funded smart grid projects. The Smart Grid Investment Grant Program (SGIG) 
consumed all but $620M of the ARRA funds, which was available for the 32 projects in the Smart Grid 
Demonstration Program (SGDP, or demonstrations).  
 
Given the economic potential of these projects and the substantial investments required, there was keen interest in 
estimating the benefits of the projects (i.e., quantifying and monetizing the performance of smart grid technologies). 
Common method development and application, data collection, and analysis to calculate and publicize the benefits 
were central objectives of the program. For this purpose standard methods and a software tool, the Smart Grid 
Computational Tool (SGCT), were developed by U.S. DOE and a spreadsheet model was made freely available to 
grantees and other analysts. The methodology was intended to define smart grid technologies or assets, the 
mechanisms by which they generate functions, their impacts and, ultimately, their benefits.  The SGCT and its 
application to the Demonstration Projects are described, and actual projects in Southern California and in China are 
selected to test and illustrate the tool. The usefulness of the methodology and tool for international analyses is then 
assessed. 

Methods 
The main motivation behind the SGCT methodology is that technologies (i.e., assets) provide a set of functions that 
can generate Smart Grid benefits, which can be quantified and monetized. After identifying the assets, the SGCT maps 
(1) assets into functions, (2) functions into mechanisms (i.e., impacts), (3) mechanisms into benefits, and (4) benefits 
into monetary values. Benefits are allocated to the utility, consumers, and society. 
 
SGCT provides a list of assets with definitions that will be considered while assessing costs and benefits of smart grid 
projects. In this manner, the methodology establishes a widely known set of definitions that provide a common basis 
for comparison between projects and thus provides a key contribution to the smart grid costs and benefits analysis 
literature. There are 22 smart grid benefits in the SGCT, which are grouped into four main benefit categories: 
economic, reliability, environmental, and security. All costs and benefits that can be expressed in monetary terms, 
including a societal perspective (e.g., environmental costs) are considered in the analysis. 
 
The $80M Irvine Smart Grid Demonstration (ISGD) Project is used as an example to demonstrate how the SGCT can 
be applied in practice. ISGD involves assets on both sides of the customer meter. On the utility side, grid-scale 
batteries are deployed, capabilities to identify and segregate faults are installed, and upgrades are made to the local 
control center. On the customer side, a block of 39 modern homes were equipped with three different levels of smart 
equipment, energy storage units and PV generation. The most extremely efficient homes, about one third of the total, 
have local storage, smart appliances and controls, etc., intended to show compliance with California’s future zero net 
energy (ZNE) target. First established in 2007, the goal is for all new residences to be ZNE by 2020, and all new 
commercial construction by 2030. Another third of the homes have an intermediate level of efficiency and smart grid 
technology, while the final third is a control group of standard homes meeting energy codes circa 2003. Since the 
project is entering its last year, a considerable amount of metered results are now available.  
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Results 
Outcome of the ISGD project is assessed against the baseline, which reflects the parameter values without the ISGD 
project (i.e., values based on historical performance data prior to the operation of the smart grid technologies). Figure 
1 shows an example standard SGCT output, illustrating the annual costs and benefits related to the “Customer 
Electricity Use Optimization” function. Benefits related to this function are “Reduced electricity cost” and “Reduced 
CO2 emissions.”  
 

  
Figure 1 Annual Present Value Cost Benefit Graph  

Net present benefit (i.e., summing the bar values shown in Figure 1) is close to zero in this rudimentary case.  Overall 
results show that total benefits exceed total costs around 2016 (the break-even point), and persist through the study 
period. The SGCT is also applied to a commercial building section of the Tianjin Eco-City (TCE) demonstration in 
China. The results and experiences from these analyses are combined with general evaluation of benefits analysis and 
tools, and lessons learned for international comparisons shared. 
 
Naturally, uncertainty is a major challenge for benefits analysis. The uncertainty comes from multiple sources, the 
relationship of technologies to impacts, equipment performance, future costs and economic conditions, etc. A strong 
tension exists between the desire to address the sources of uncertainty versus the need to offer a simple 
comprehensible method that that can be widely and consistently applied. The challenge of addressing uncertainty and 
the usefulness of the SGCT will be explored and addressed in the paper. Possibilities for representing uncertainty 
while maintaining a transparent analysis will be discussed. 

Conclusion 
This paper presents the SGCT and its application to a demonstration project in the U.S., and aims to show the 
effectiveness of SGCT methodology for evaluating the impact of smart grid investments. In addition, results from a 
small scale SGCT application in China are compared with the ISGD project to form a basis for future international 
comparisons of smart grid projects.  
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