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Introduction
• Many remote communities in the USA often suffer 

from unreliable power supply

• Diesel generation (DG) is often used to compensate 
because it is:

• Cost-effective

• Controllable

• Integration of  DGs with renewable energy 
resources (RESs) or energy storage systems (ESSs) 
into hybrid energy systems (HESs) can be beneficial 

• Reduce fuel consumption

• Optimize use of  behind-the-meter (BTM) RES

• How should Battery ESSs (BESSs) be used to 
optimize the operation of  the HES?

Project Goal:
• Perform a valuation study to ensure that well-

informed energy project decisions can be made and 
resulting systems have a positive financial impact for 
the local community

Rodrigo D.  Trevizan*,  Alexander J. Headley†, Tu A. Nguyen*, and Stanley Atcitty*

*Sandia National Laboratories,  Albuquerque, NM,  †University of Memphis, Memphis TN

Abstract: Many remote communities are subject to poor electric service, with low power quality and reliability being common concerns. To compensate, many isolated communities operate diesel generation units
to bolster utility inputs and/or fully support key loads in the event of an outage. While this is effective, it can be a very expensive mode of operation requiring oversized units to ensure reliable power. Declining
prices of both renewable generation and energy storage systems have the potential to improve this situation, though careful planning is needed to make these hybrid energy systems financially attractive. This
paper presents analytical methods to enable informed decision making with respect to future planning integrating renewable and energy storage systems to enhance system reliability and reduce operating costs.
These methods are demonstrated in a case study for the San Carlos Apache Tribe, which is in a sparsely populated region next to Coolidge, Arizona that has limited power generation and transmission resources.
Currently, their energy tariffs are expensive, and the system suffers from frequent power interruptions (around 100 interruptions per year on average). To reduce electricity costs and improve power quality, the
tribe is installing solar photovoltaic arrays at several sites in the reservation. We have analyzed the potential benefits and optimization of pairing energy storage systems with this solar power generation to reduce
the tribe’s electricity costs and improve the reliability of power supply for their critical loads. Results show that the addition of an energy storage system could reduce electricity costs significantly and provide
backup power for critical loads for several hours.

Case Study
• San Carlos Apache Healthcare 

• 3 - 1.25 MW Diesel Generators

• 2 MW solar photovoltaic array

• Power outages are very common during monsoon 
season (June through September)

• Hospital is islanded from distribution grid when 
storms are expected to hit the region

• DGs power the hospital during business hours

• To provide redundancy, multiple DGs operate at low 
load to be capable of  providing power in case one 
of  them goes offline

• Investigate if  BESS can allow operation with 2 DGs 
instead of  all 3 to reduce fuel consumption

• Cost savings come from reducing fuel and electricity 
costs when BESS is deployed with PV and diesel 
generators

• Power needed in the hours of  the year that solar and 
a single generator (1250kW) were not sufficient to 
cover demand (Fig. 3).

• Low, Mid, and High BESS price scenarios for 2020 
and 2030

Assumptions
• DG, PV array and BESS are BTM

• BESS round trip efficiency: 86%1

• BESS throughput is less than the equivalent of  
3,500 cycles at 80% depth of  discharge over its life 
(10 years)1

• BESS and PV are AC connected

• BESS costs from BESS pricing survey/projections1

• Hospital’s electric system is isolated from the grid 
during business hours in the monsoon season

• Historical monthly energy (kWh) for 2 years is
known and assumed constant over 10 years

• Load profile is similar to nearby hospitals found in 
OpenData2 and is adjusted by monthly mean kWh

• DG efficiency modeled using a quadratic function

• Minimum of  30% rated power to avoid wet 
stacking

• Solar profile of  PV array obtained with PVWatts3

• Price of  diesel: $3.171/gallon (constant over period)

• Interest rate of  3% per year

• SCIP does not have net metering policy

• Energy injected in SCIP’s grid will not yield any 
benefit to the hospital

• SCIP’s Industrial Rate Schedule

• Demand: $7/kW

• Energy: $0.0718/kWh

• Monthly service charges: $250.00
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Conclusions
• BESS can reduce fuel costs and electricity charges 

for the hospital

• Cost savings are due mainly to reduction in demand 
charges, PV curtailment, and fuel costs

• Net present value of  profit is positive

• With perfect load and generation foresight, cost 
savings over 10 years can pay for BESS investment

• Without perfect foresight of  load, performance of  
controllers deployed in the field is expected to be 
sub-optimal, therefore cost-savings should be 
reduced

• Capital costs on BESS have a large impact on NPV
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Results

• Solution to problem of  optimal scheduling of  
BESS, PV and diesel generators and optimal sizing 
of  BESS to maximize NPV of  cost savings 
obtained by a script written using Pyomo and 
solved with Gurobi

• 𝑅𝑘 : estimated cost savings in fuel and electricity 
charges due to use of  BESS (per year) 

• 𝑖𝑟 : interest rate (per year)

• 𝐶𝑖𝑛: cost of  capital investment

• 𝑛𝑦 : number of  years (10)

• 𝑝𝑘𝑊: price of  BESS per kW

• 𝑞𝑚: power capacity of  BESS 

• 𝑝𝑘𝑊ℎ: price of  BESS per kWh

• ҧ𝑆: energy capacity of  BESS 

Table. 1. Summary of  results with 2 generators
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Fig. 1 Simplified behind-the-meter schematic of  the hybrid energy system.

Table. 2. Summary of  results with 3 generators.

Fig. 3 Shortages in power throughout the year.Fig. 2 Monthly Energy Costs - 2 Generators, 2020 ES pricing.

Valuation of Behind-the-Meter Energy Storage in Hybrid Energy Systems

SAND2022-4629CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.


