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Together…Shaping the Future of Electricity

EPRI’s Mission

Advancing safe, reliable, 

affordable, and 

environmentally 

responsible electricity for 

society through global 

collaboration, thought 

leadership and science 

& technology innovation. 
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Introducing EPRI

Independent

Objective, scientifically based 

results address reliability, 

efficiency, affordability, health, 

safety and the environment

Nonprofit

Chartered to serve the public 

benefit

Collaborative

Bring together scientists, 

engineers, academic 

researchers, industry experts

Independent

Collaborative

Nonprofit
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EPRI’s Members

450+ participants in 35 countries

EPRI members generate 

approximately 90% of the electricity 

in the United States

 International funding supports more 

than 25% of EPRI’s research, 

development and demonstrations

Government funding is 

approximately 10% of total EPRI 

funding
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Help Move Technologies from Universities

to the Commercialization Stage…

EPRI’s Role

Technology Accelerator!
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Key Points of this Presentation

Connectivity brings tremendous benefits: The presence of a network is a 
strength, not a weakness.  The network allows the whole to serve each part, and 
each part to work for the betterment of the whole

The power grid provides vital services beyond energy: The cost of these 
services is usually included in the energy cost under volumetric tariffs. In off-grid 
systems, alternative arrangements must be made to provide these services.

Off-grid systems must be significantly oversized to meet consumer 
expectations:  Off-grid systems will not reliably serve customer loads if they do 
not account for non-energy services presently provided by the grid.  Off-grid 
systems that are sized properly will be very large, requiring the allocation of 
tremendous resources to powering individual homes rather than pooling resources 
to serve the community

Economics will probably lead to grid solutions: There will undoubtedly be 
some homeowners who pay to install off-grid systems, but most homeowners will 
prefer grid solutions because of economics and convenience
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The Power Grid as a Supply Chain

People often think and talk about the power grid as if it were a 
linear electricity delivery system or a supply chain…

Central generation Transmission and Distribution Consumer

Electric Power 
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The Power Grid as a Network

But in fact, the power grid is a network, a system of interconnected 
pieces that together deliver power to end consumers.
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Connectivity brings many advantages…

Networked Solution Standalone Solution

P
ro

s

• Higher reliability through redundancy
and diversity of supply

• Higher stability and asset utilization 
through aggregation of loads

• Lower cost through economies of scale
• Reduces energy waste through spillage

• No capital cost or energy losses from 
wires infrastructure

C
o

n
s

• Capital cost of wires infrastructure
• Energy losses from transmission and 

distribution

• Higher cost of generation
• Lower reliability
• Lower stability 
• Lower asset utilization
• Energy spillage
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Networking leads to more optimal use of resources

One Home Two Homes Six Homes

Sizing 
Sized for peak load of 

one home
Sized for average peak 

load of two homes
Sized for average peak 

load of six homes

Redundancy No redundancy 2:1 Redundancy 6:5 redundancy

Spillage
Large amount of 

curtailment
Some curtailment Reduced curtailment
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Understanding Customer Load 

Instantaneous loads are often much larger than average load, 
and are not apparent without high-resolution data.

8.0 kWmax

85.1 kWh

44% Load factor

10.7 kWmax

85.1 kWh

33%

26.2 kWmax

85.1 kWh

14%

14.8 kWmax

85.1 kWh

24%
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The grid aggregates loads

300 to 2000 

Homes

One 

Home

The load of a single home is 
highly unpredictable and volatile

– Load spikes can be much higher than the 
average energy consumption

– The power system must be sized to 
satisfy these peaks, or the customer will 
not be able to operate their loads

Aggregation of just a few 
hundred homes reduces volatility 
and improves predictability

– Power system can be sized for average 
load, not spikes

– Less oversizing and better utilization of 
assets 
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With solar PV, both load and generation are variable

The discrepancy between instantaneous demand and instantaneous supply 
must be reconciled. The system may be equipped with local storage, or 

some mechanism to export and import power is necessary (i.e. the grid)
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Distributed Generation and the Grid

Source: Solar Decathlon 2007, Universidad Politécnica de Madrid

 Grid-connected distributed generation has 
become widespread and has significantly 
reduced consumption of grid power

 However, these systems still rely on the grid to 
deliver critical functions, such as reliability, 
inrush current, and voltage quality

 Under volumetric tariffs, these services are 
provided by the grid, and the cost to provide 
them is included in the energy cost

 Without a grid connection, distributed 
generation systems must be redesigned to 
provide these vital services, which increases 
the cost of the system
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Services Provided by Grid Interconnection:

Reliability

1 2 3

4 5 6 7 8 9 10

11 12 13 14 15 16 17

18 19 20 21 22 23 24

25 26 27 28 29 30 31

Thu Fri SatSun Mon Tue Wed

December 2011: Tennessee 1MW PV System Power

Interconnection to the grid allows loads 

to be met through diversity of supply, 

both by geography and type
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Services Provided by Grid Interconnection :

Startup Power

Inrush currents required to start some 

appliances can be significantly 

higher than average load.

The grid supplies the power spikes 

temporarily drawn by the load,

which may not be possible for PV alone

Startup Power

Grid 

Supplied

Power
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Services Provided by Grid Interconnection :

Voltage Quality

Harmonic distortion can cause 

malfunction of sensitive equipment.  The 

grid delivers high quality power with 

minimal harmonic distortion
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Services Provided by Grid Interconnection :

Efficiency

By aggregating load and supply, the grid 

can serve average load efficiently 

without requiring vast oversizing.

Local DG can be sized optimally and 

operate at optimal efficiency 

without curtailing output 
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Services Provided by Grid Interconnection :

Energy Transaction

The grid allows users to sell excess 

local generation, and to buy during 

periods of shortfall, rather than 

suffering from temporary

imbalances
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U.S. Average Grid Cost to Consumers

Source: EIA Estimate

Average cost of the grid for consumers can be 
estimated at about $40/month, which includes 

both capacity and energy (losses).  
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The Challenge of Going it Alone

Special conditions are necessary for 
local renewables to fully replace 
conventional supply

– Reliable solar resource

– Sufficient available space and orientation 
for solar panels

– Sufficient available space for batteries and 
other auxiliary equipment

– Understanding and willingness to manage 
loads

These conditions are not met 
everywhere – relatively few people 
can go off-grid and maintain the 
reliability they have come to expect
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Residential Off-Grid System

Setting aside economic concerns, how do 
we build a residential off-grid solar + 
storage system to accommodate the real
requirements of modern electricity 
consumers?

Such a system must account for not only 
the energy requirements, but also the 
power (capacity) and reliability 
requirements

Let’s approach this question gradually, 
beginning with energy and progressing 
towards other requirements
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Study Approach

Service 

#1: 

Reliability

Size PV & storage 

to ensure loads are 

always served 

based on scenario

Service #2: 

Startup 

power

Service #3: 

Voltage 

Quality

PV data

(1-min to 1-s 

res.)

Load data 

(1-min res.)

Simulation 

Scenarios

(1 year)

Load DB Solar DB

HOMER

Ensure 

storage 

inverter 

meets startup 

requirement. 

If not, resize.

Estimate startup power 

(in-rush current) 

requirements 

Address 

voltage 

quality 

through PV 

inverter 

design.

Full 

specification 

of 

configuration

Financial 

analysis

Financial 

Performance of 

configuration

Reliability 

level desired
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HOMER Pro

HOMER Pro is a well-
known software package 
for modeling and 
optimizing microgrid
design

Originally developed for 
islanded systems by 
National Renewable 
Energy Laboratory (NREL)

Detailed DER Models – PV, 
ES, DG, CHP, etc.

Capable of modeling down 
to 1-min resolution
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Underlying Assumptions:

ES Conv kWAC

Load  

PV kWDC

ES kWh

House Specs:

3200 ft2

Climate Zone: Montgomery, AL

 Model location: Montgomery,  AL

 1 min resolution data

 3200 sq ft residence
– 1260 kWh monthly consumption

– 19 kVA peak power requirement

– 160 A max current, 368 A inrush current 
(set by HVAC)

 Solar Irradiance typical of location
– 47 cloudy days, 13 overcast days per year

– 4 max consecutive cloudy days

 Modern PV + storage system
– Standard polysilicon modules, 15.4% efficiency, 

25 year life, $0.64/kW

– Lithium ion batteries, 90% efficiency and 10 year 
life $275/kWh (battery alone)

– Costs are optimistic but are expected to be 
reached by 2020

 Financial assumptions
– 20 year project duration

– 2% inflation, 8% discount rate

– System financed over 7 years with 30% down

– Rate: $14.50 monthly base charge, $0.09 / kWh
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Key Research Questions

1. What are the true economic tradeoffs for an on-grid 

residential consumer considering going off-grid? 

2. For a residential customer who is off-grid, what are net 

benefits of connecting to the grid to sell power to other 

consumers?
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Results for Research Question 1:
What are the true economic tradeoffs for an on-grid residential consumer 

considering going off-grid? 

Maintaining high reliability through cloudy days requires the size of both 
solar and storage to be increased, resulting in large and expensive systems
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Research Question 1:
What are the true economic tradeoffs for an on-grid residential consumer 

considering going off-grid?

Sizing the off-grid solar + storage system leads to a lot of wasted energy

Small systems cannot provide 

sufficient reliability to go off-grid

Large systems cannot store all the 

electricity they produce 
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Research Question 2:
For a residential customer who is off-grid, what are net benefits of 

connecting to the grid to sell power to other consumers?

 Imagine if this off-grid 
consumer could 
reconnect to the grid and 
sell the excess power to 
others

 Consider if the grid charge 
is $40/month (covering 
the cost of T&D) and the 
sale price is only 
$0.04/kWh

 The value of the 
electricity sold is still far 
greater than the cost of 
the grid for all but the 
smallest systems!
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If Interconnection Cost 

= $40/month

To break even…

Sellback Rate needs to

equal ~$0.015/kWh

Research Question 2:
For a residential customer who is off-grid, what are net benefits of 

connecting to the grid to sell power to other consumers?

Breakeven Line

(Sellback Revenue = 

Interconnection Cost)

0.015
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Key Points of this Presentation

Connectivity brings tremendous benefits: The presence of a network is a 
strength, not a weakness.  The network allows the whole to serve each part, and 
each part to work for the betterment of the whole

The power grid provides vital services beyond energy: The cost of these 
services is usually included in the energy cost under volumetric tariffs. In off-grid 
systems, alternative arrangements must be made to provide these services.

Off-grid systems must be significantly oversized to meet consumer 
expectations:  Off-grid systems will not reliably serve customer loads if they do 
not account for non-energy services presently provided by the grid.  Off-grid 
systems that are sized properly will be very large, requiring the allocation of 
tremendous resources to powering individual homes rather than pooling resources 
to serve the community

Economics will probably lead to grid solutions: There will undoubtedly be 
some homeowners who pay to install off-grid systems, but most homeowners will 
prefer grid solutions because of economics and convenience
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Together…Shaping the Future of Electricity


