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What is Feasibility (Techno-Economic) Assessment?

Evaluate use cases for Microgrid & DERs

Microgrid design

DER sizing

DER dispatch

First-order analysis of Costs & Benefits
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Sample Projects Types

 Islands
– Examination of PV + ES system in the 

Spanish Canary Islands

Off-Grid vs On-Grid

– A Case Study Comparison of On-Grid and 
Off-Grid Power for Residential Consumers

Microgrid

– Characterized as being grid-connected >99%

– Islanded during emergency (e.g. snow storm, 
grid failure)

DER Grid Parity
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Study Process
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Site Assessment

 Infrastructure

Current reliability/resiliency

Load

Current Operations

Existing Assets

DER interconnection points

Available Space for DER
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Defining the Study

Importance of Establishing Objectives

Type of Analysis & Level of Detail
– Deterministic vs Stochastic vs Rule-Based

– “Black Box” approach (energy-in, energy-out)

– Steady-state power flow

– Thermal flows

Time vs Accuracy

– Computation intensity & time

– Customization (e.g. market participation)

– Automation (e.g. wrappers)

– Data collection

Analysis constrained by available data
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Defining the Study

Importance of Establishing Objectives

Scenarios & Sensitivities:

– Load/customer types

– Critical/Non-critical load, load flexibility

– Load clustering or microgrid-nesting

– Rates & Rate Structure

– Renewable Penetration

– Environmental Impact

Cost-Benefit Perspective?

– Customer/Utility/3rd Party/Comomunity/Society

– What is the economic question(s)?
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Modeling Tools

RETScreen (NRC)

SAM (NREL)

Custom

MDT
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Modeling

Overview

Inputs

Electrical & 

Thermal Loads

Electricity & Gas 

tariff data

DER data

Site Weather 

Data

Outputs

Optimal DER 

Mix & Capacity

DER Dispatch

Quantitative 

Cost/Benefit

F Investment & 

Financing

Objectives

Minimize Cost

Minimize Emissions

% Renewable Penetration

… Outage Duration

Constraints

Cost/Emissions Cap

Zero Net Energy

Specify DER 

types/size/models

Optimization/Search 

Engine



12
© 2015 Electric Power Research Institute, Inc. All rights reserved.

Modeling

Tools
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Techno-economic planning tools surveyed

Developer National Renewable Energy Laboratory (NREL) Lawrence Berkeley National Laboratory (LBNL)

Retailer HOMER Energy LLC Lawrence Berkeley National Laboratory (LBNL)

Target Commercial, Industry Academia

Open source Customizable for a fee Yes, with a developers license

Supported OS Windows Windows, Unix, Max OS X

Documentation Extensive Limited

User support Forum (user and developer), Sample Models, FAQ FAQ

Difficulty Easy Moderate

Optimization Brute force permutations Mixed Integer Linear Program
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Input differences: Load Models

 Modeled as full time series

 Load diversity

– Electric

– Thermal

 Modeled as characteristic day 

type

 Load Diversity

– Electric

– Space heating

– Water heating

– Cooling

– Natural gas
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Input differences: Irradiance Models

 Modeled as full time series

 Hour time-step

– Capture intra-day variability

 Modeled as characteristic day 

type

 Captures seasonal variability
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Input differences: Grid cost models

 Grid rate modeled as hourly price

– Changes with month

– Demand charge modeled same 

way

– Service fee not considered

– Volumetric rate not considered

 Grid rate Modeled as 

characteristic periods

– Changes monthly

– Demand charge modeled same 

way

– Service fee considered

– Volumetric rates considered
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Results: Configuration

 Optimal mix given for all possible 

permutations of DER available

– Optimal: Gas generator, CHP, 

boiler

– PV and storage always minimal

 Single optimal mix choosen

– Optimal: Gas generator, PV, CHP

– Storage not selected
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Results: Operation

 Optimal operation given as time 

series

– Multiple views 

available/exportable

 Optimal operation given in terms 

of averaged monthly output

– Considers load added due to DER 

(cooling)

CHP

Gas Generator
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Results: Emissions

 Reports emission for both utility 

customer and microgrid

– Emission diversity by particle

 6 particle types

 Reports emission for both utility 

customer and microgrid

– Emission diversity by pollutant

 Electric purchases

 On-site generation

 Thermal load

UtilityMicrogrid
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Results: Cost Breakdown

 Cost given for

– DER type

– Cost type

 Given for project lifetime

 Cost given for

– Cost type

 Large diversity of cost type
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Base Layer w/o Microgrid
Existing system: customers, 

loads, existing DER, 

and service levels.

“Stacking Order” for DER and Microgrids

A complex project can be examined in stages, 

addressing a series of Cost/Benefit Analysis (CBA) questions

• Reliability

• Power Quality
• Customer Types

• Customer loads

• Expected Upgrades

• Cost of Interruptions
• Cost of PQ Issues

• Expected Growth

• Cost of Energy

• Cost of Capacity
• Cost of Emissions

Cost of Upgrades

Full and specific 

description of 

existing system

and customers.
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Base Layer w/o Microgrid
Existing system: customers, 

loads, existing DER, 

and service levels.

“Stacking Order” for DER and Microgrids

A complex project can be examined in stages, 

addressing a series of Cost/Benefit Analysis (CBA) questions

Energy-Producing DER
DER optimized with 

surrounding system’s 

marginal cost
Full and specific 

description of 
existing system

and customers.

• Reliability (unchanged)

• Avoided Energy
• Avoided Capacity

• Avoided Emissions

• Avoided/Incurred Upgrades

CBA 1: What is the net value of the energy-producing DER? 

CBA1
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Base Layer w/o Microgrid
Existing system: customers, 

loads, existing DER, 

and service levels.

“Stacking Order” for DER and Microgrids

A complex project can be examined in stages, 

addressing a series of Cost/Benefit Analysis (CBA) questions

Energy-Producing DER
DER optimized with 

surrounding system’s 

marginal cost
Full and specific 

description of 
existing system

and customers.

• Reliability (unchanged)

• Avoided Energy
• Avoided Capacity

• Avoided Emissions

• Avoided/Incurred Upgrades

CBA 1: What is the net value of the energy-producing DER? 

CBA1

Microgrid Controls & 

Equipment, 

DER for Capacity

• ∆ reliability

• ∆ resiliency
• Avoided/Incurred Upgrades

CBA2

CBA 2: Does the value of incremental reliability/

resiliency outweigh the incremental cost?

CBA3

CBA 3: Does the total value of 

the microgrid outweigh its cost? 
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Base Layer w/o Microgrid
Existing system: customers, 

loads, existing DER, 

and service levels.

“Stacking Order” for DER and Microgrids

A complex project can be examined in stages, 

addressing a series of Cost/Benefit Analysis (CBA) questions

Energy-Producing DER
DER optimized with 

surrounding system’s 

marginal cost
Full and specific 

description of 
existing system

and customers.

• Reliability (unchanged)

• Avoided Energy
• Avoided Capacity

• Avoided Emissions

• Avoided/Incurred Upgrades

CBA 1: What is the net value of the energy-producing DER? 

Microgrid Controls & 

Equipment, 

DER for Capacity

• ∆ reliability

• ∆ resiliency
• Avoided/Incurred Upgrades

CBA2

CBA3

CBA1

• ∆ op costs

• other costs

Business Arrangements
Alternative Ownership,

Pricing at connection point,

Operating Objectives

EPRI is not proposing
to analyze alternative 
business arrangements.

CBA 2: Does the value of incremental reliability/

resiliency outweigh the incremental cost?
CBA 3: Does the total value of 

the microgrid outweigh its cost? 
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Microgrids

Optimization of microgrid design is challenging and 

inherently contains many unknowns…

Regulatory Issues

Costs

Value of Resiliency
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Microgrids

Regulatory Issues

Energy Transactions

Net Metering?

Market

Participation?

Wheeling/Backup

charges?

Rate Structure?

Grid Support?

Who pays for 

the microgrid?

Microgrid Customers?

Community?

Ratepayers?

Government?
Business Model

IOU?

Self-

Regulated?

Third

Party

(SPE)?

Public

Utility?

IPP?

Integrated?
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Microgrids

Value of Resiliency

Customer Type?

Time-Varying
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Microgrids

Costs

Gas/Electricity Price

DER Costs

Cost of Emissions
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EPRI Microgrid Feasibility Projects

UC Irv ine

Cherokee 

Farms

Washington 

Univ ersity
St. Elizabeth

Concordv ille

OPG

BNMC
Century City

UMMC
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EPRI Microgrid Feasibility Projects
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EPRI Microgrid Feasibility Projects

UC Irv ine

Cherokee 

Farms

Washington 

Univ ersity
St. Elizabeth

Concordv ille

Objectives

Emissions 

Reduction

Resiliency/

ReliabilityR
Cost 

Savings

BNMC
Century City

UMMC

Load Type

Residential

Industrial

Education/Research

Commercial/Retail

Medical Services

UC Irv ine

Cherokee 

Farms

Washington 

Univ ersity
St. Elizabeth

Concordv ille

Century City

UMMC

BNMC

R

R

R

R

R

R R

R

OPG
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EPRI Microgrid Feasibility Projects

Buffalo Niagara
Medical Center
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EPRI Microgrid Feasibility Projects

UC Irvine

24 hour Outage Design

Enabling PV

Investment

30% Load Shifting

30% Load Curtailment
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EPRI Microgrid Feasibility Projects

Century City 
Business Park
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Century City Business Park

Outage Duration vs Capacity & Cost

Outage Duration
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What drives Microgrid DER Size & Type?

Outage Duration

Climate & Load

– Thermal load requirements

Rates & Rate Structure

– Energy/Capacity demand

– Flat, TOU, real-time

– Demand charge

Existing DER assets & Infrastructure

– Renewables based microgrid

– Gas infrastructure resiliency
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Study Results

Off-Grid vs On-Grid Residential PV + ES Systems
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Study Results

Off-Grid vs On-Grid Residential PV + ES Systems

Overall system size driven by consecutive cloudy days
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Study Results

Off-Grid vs On-Grid Residential PV + ES Systems

 To achieve the same level of reliability as the typical grid (~99.96%)

 Off-grid PV + Battery system would require:

PV = 45-52 kW, ES = 109-110 kWh

 Off-Grid System ~10x more expensive (0.12 vs 1.20 $/kWh)
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Study Results

Off-Grid vs On-Grid Residential PV + ES Systems

 To achieve the same level of reliability as the typical grid (~99.96%)

 Off-grid PV + Battery system would require:

PV = 45-52 kW, ES = 109-110 kWh

 Off-Grid System ~10x more expensive (0.12 vs 1.20 $/kWh)

Large amounts of excess PV energy
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Study Results

Off-Grid vs On-Grid Residential PV + ES Systems

 Video: https://www.youtube.com/watch?v=2P9EHWg850w

 Whitepaper: www.epri.com (ID: 000000003002009150)

https://www.youtube.com/watch?v=2P9EHWg850w
http://www.epri.com/
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Lessons Learned

 Objectives
– Needs to be defined upfront otherwise # of scenarios can become unmanageable

 Analysis tools
– Which model to use is dependent on situation, no model is catch all

– Most problems have specific constraints/parameters that requires tweaking models

– Trade-off between time (i.e. simplified assumptions) and accuracy (e.g. requires 
lots of data)

 Data
– Missing or unavailable data

– Available data – understanding data and formatting are non-trivial

 Modeling
– Model formulation requires engineering experience and judgement

– Design problem is often complex and with many unknowns, requiring many 
iterations/sensitivities

– Non-linear nature of most problems are computationally expensive

 Cost/Benefit Analysis
– Value of Resiliency methodology/framework/studies are lacking

– Requires defining perspectives, ownership, etc.

– Definitive cost/benefit answers are rare due to future unknowns
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Together…Shaping the Future of Electricity


