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Context: The “G” in GIWH 1 
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Grid spending is rising, but demand is flat 
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Utilities plan to invest $1.4 trillion in infrastructure upgrades through 2030, but sales have 
declined 5 out of the last 7 years, and growth forecasts have been systematically lowered. 

	  Source: 	  EEI/Bra7le	  Group;	  EIA	  EPM	  and	  AEO	  
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Retail rates are rising 
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Across many states, retail electricity rates are rising for commercial and residential 
customers alike, and forecast to continue to do so. 

	  Source: 	  RMI	  Economics	  of	  Grid	  DefecHon;	  EIA	  
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EXECUTIVE SUMMARY

THE EMERGING VALUE OF FLEXIWATTS: 
THE BROADER OPPORTUNITY FOR DERs 
TO LOWER GRID COSTS

Electric loads that demand flexibility shifts in time can 
be called flexiwatts—watts of demand that can be 
moved across the hours of a day or night according 
to economic or other signals. Importantly, flexiwatts 
can be used to provide a variety of grid services (see 
Table ES1). Customers have an increasing range of 

choices to meet their demand for electrical services 
beyond simply purchasing kilowatt-hours from the 
grid at the moment of consumption. Now they can 
also choose to generate their own electricity through 
distributed generation, use less electricity more 
productively (more-efficient end-use or negawatts), 
or shift the timing of consumption through demand 
flexibility (see Figure ES1). All four of these options 
need to be evaluated holistically to minimize cost and 
maximize value for both customers and the grid.

TABLE ES1
FUNDAMENTAL VALUE DRIVERS OF DEMAND FLEXIBILITY

CATEGORY DEMAND FLEXIBILITY CAPABILITY GRID VALUE CUSTOMER VALUE

Capacity
Can reduce the grid’s peak load and 
flatten the aggregate demand profile of 
customers

Avoided generation, 
transmission, and distribution 
investment; grid losses; and 
equipment degradation

Under rates that price peak 
demand (e.g., demand 
charges), lowers customer 
bills

Energy 
Can shift load from high-price to low-
price times 

Avoided production from 
high-marginal-cost resources

Under rates that provide time-
varying pricing (e.g., time-
of-use or real-time pricing), 
lowers customer bills

Renewable energy 
integration

Can reshape load profiles to match 
renewable energy production profiles 
better (e.g., rooftop solar PV)

Mitigated renewable 
integration challenges (e.g., 
ramping, minimum load)

Under rates that incentivize 
onsite consumption 
(e.g., reduced PV export 
compensation), lowers 
customer bills

kW

Reduce demand whenever 
load is operated, thus 
lowering the daily load 
curve.
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Energy Efficiency

Generate electricity, 
changing the profile of net 
grid demand while 
reducing total grid demand.

0 4 8 12 16 20 24

1

2

3

Normal Load PV Net Load

hour

Distributed Generation

Buy kWh from the grid as 
and when needed.
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Grid Purchases

Shift eligible loads across 
the hours of a day to 
lower-cost times, reshaping 
the daily load curve.
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FIGURE ES1
GRID PURCHASES, DISTRIBUTED GENERATION, ENERGY EFFICIENCY, AND DEMAND FLEXIBILITY COMPARED

Consumers have expanding options 
6	  

To meet demand for electricity, utility customers used to buy it. Now, it is increasingly easy 
for third parties or utilities to help them make it, avoid it, or shift it. 

Transforming global energy use to create a clean, prosperous, and secure low-carbon future. 

	  Source: 	  RMI	  The	  Economics	  of	  Demand	  Flexibility	  



Demand flexibility can unlock $13 B/year 
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Enabled by sophisticated rate design, utility programs, or third-party aggregators, the 
demand side can be a powerful source of flexibility for the grid 

Transforming global energy use to create a clean, prosperous, and secure low-carbon future. 

	  Source: 	  RMI	  The	  Economics	  of	  Demand	  Flexibility	  
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EXECUTIVE SUMMARY

FIGURE ES2
ESTIMATED AVOIDED U.S. GRID COSTS FROM RESIDENTIAL DEMAND FLEXIBILITY

FIGURE ES3
DEMAND FLEXIBILITY ANNUAL POTENTIAL BY SCENARIO
DF GENERATES SIGNIFICANT PER-CUSTOMER BILL SAVINGS (%) WITH LARGE AGGREGATE MARKET SIZES ($ FOR EACH ANALYZED UTILITY TERRITORY)
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Why water heaters? 2 
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There are ~50 million electric water heaters across the US, with several distinct geographic 
concentrations 

	  Source: 	  EIA	  RECS	  

Water heaters are ubiquitous 

10%	  

90%	  

Electric	  DHW	  %	  

v  The	  Northwest	  and	  the	  
Southeast	  represent	  
concentrated	  markets	  for	  
GIWH	  technology	  

v  In	  other	  regions,	  electric	  
water	  heaHng	  is	  
concentrated	  in	  rural	  areas	  
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Electric water heaters have a low load factor, a tank heat capacity of 7 kWh, and thermal 
stratification and insulation that allow for many forms of grid value 

	  Source: 	  Bra7le	  2016;	  RMI	  The	  Economics	  of	  Demand	  Flexibility	  

Water heaters are highly flexible 

v  Depending	  on	  the	  draw	  profile	  
and	  grid	  use	  case,	  between	  
40-‐60%	  of	  kWh	  used	  for	  water	  
heaHng	  can	  be	  shi]ed	  

v  Le_ng	  average	  tank	  
temperature	  dri]	  while	  
keeping	  tank-‐top	  temperature	  
within	  bounds	  keeps	  showers	  
hot	  while	  flexing	  energy	  use	  

v  Energy	  arbitrage:	  Shi]ing	  kWh	  use	  to	  lower-‐
cost	  hours	  of	  the	  day	  

v  Ancillary	  services:	  ModulaHng	  or	  cycling	  
power	  use	  for	  a	  water	  heater	  fleet	  to	  balance	  
grid	  supply	  with	  demand	  

v  Peak	  demand	  reduc8on:	  Briefly	  curtailing	  
electricity	  use	  during	  the	  highest-‐demand	  
periods	  for	  a	  home,	  feeder,	  or	  uHlity	  
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Residential water heaters are manufactured at scale, with a few big companies dominating 
market share, and adding controls is potentially very inexpensive 

	  Source:	  NEEA	  2012;	  US	  DOE	  ENERGY	  STAR	  	  

Water heater innovation is scalable 

 

NEEA Water Heater Market Update 2011 Report #12-234 6 

4.0 Findings 
We based the following findings on a cross reference of primary and secondary research 
sources. We use footnotes to call out secondary sources and to reference the data table and 
appendix associated with each illustration from our primary research. 
 
4.1 Market Characterization 
 
4.1.1 National and Regional Market Size and Share Estimates 
 

Nationwide sales of standard electric storage water heaters — the dominant type of water 
heater sold in the United States — totaled 7.7 million units in 2010, a 20 percent decline from 
the peak of 9.6 million units sold in 2004. Preliminary 2011 data suggests that the slump in the 
water heater market continues, with sales through August 2011, running four to five percent 
below their 2010 pace (see the last bar in Figure 4.A for 2011 estimate.) 
 

FIGURE 4.A. U.S. SALES OF STANDARD ELECTRIC &  NATURAL GAS WATER HEATERS, BY YEAR5 

 
 
Most of the decline in water heater sales follows the collapse in new home construction. 
Nationally, total housing starts fell from 2.1 million new units in 2005 to just 587,000 in 2010. 
Across the four Northwest states, annual building permits for new single-family homes fell by 
more than 72 percent between 2005 and 2010. Water heater sales fared better thanks to sales 
to existing, aging building stock, posting a decline of 18 percent from 2005 to 2010. 
Preliminary data suggest that housing construction remains sluggish, with Northwest housing 
permits for January 2011 to August 2011 roughly 10 percent lower than the same period in 
2010. 

 

 

 

 

 

 

                                                           
5 Source: Air Conditioning, Heating, and Refrigeration Institute, “Historical Research Data.” 2010. 
http://www.ahrinet.org/historical+data.aspx. Note that 2011 sales estimated from January-August data. 

US	  water	  heater	  market	  share	  (2008)	  US	  annual	  water	  heater	  sales	  



The system value of GIWH 3 
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We estimate a $3.6 billion/year value of a 100% 
grid-interactive electric water heater fleet 
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	  Source: 	  RMI	  analysis	  
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Avoided generation capacity: $1.4B/year 
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This value is highly sensitive to the assumed peak-coincidence of baseline electric water 
heating load profile 

	  Source: 	  RMI	  analysis;	  NEEA	  RBSA	  
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of	  peak	  load	  in	  the	  US.	  
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Avoided T&D capacity: $420M/year 
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Lowered peak demand can lead to avoided investment in transmission & distribution 
infrastructure in addition to generation 

	  Source: 	  RMI	  analysis	  

v  The	  value	  of	  avoided	  T&D	  
investment	  has	  been	  calculated	  
between	  $30-‐$100+/kW-‐yr;	  we	  
assume	  the	  lowest	  value	  

v  This	  avoided	  cost	  potenHal	  is	  likely	  
concentrated	  in	  congested	  areas	  
and	  areas	  with	  significant	  growth	  
expected	  
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Energy arbitrage: $1.8B/year 
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Scheduling water heating load to coincide with low-cost hours in wholesale markets can 
reduce energy costs by 25-35%  

	  Source: 	  RMI	  analysis	  

v  Using	  2014	  wholesale	  market	  prices,	  the	  
average	  marginal	  energy	  cost	  to	  use	  an	  
electric	  water	  heater	  across	  the	  US	  was	  
$125.	  

v  Savings	  of	  25-‐35%	  are	  possible	  while	  sHll	  
ensuring	  that	  hot	  water	  is	  available	  on	  
demand.	  
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Other values: $65M/year, not including ancillaries 
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Reducing standby losses and avoiding current levels of renewable curtailment can provide 
additional value; avoided ancillary service costs in wholesale markets could add much more 

	  Source: 	  RMI	  analysis	  

v  Enabling	  “vacaHon	  mode”	  can	  reduce	  
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year,	  and	  GIWH	  can	  technically	  
parHcipate,	  but	  the	  market	  is	  thin	  
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The carbon impacts of GIWH 4 
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We estimate electric domestic hot water is 
responsible for ~74 million tonnes/year of CO2 
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	  Source: 	  RMI	  analysis	  of:	  EIA	  RECS;	  Graff-‐Zivin	  et	  al	  (2014);	  NEEA	  RBSA	  
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Low-cost versus low-emissions heating strategies 
have widely different CO2 impacts 
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	  Source: 	  RMI	  analysis	  of:	  EIA	  RECS;	  Graff-‐Zivin	  et	  al	  (2014);	  NEEA	  RBSA	  

If all water were heated at night, emissions increase by 13%. If all water were heated during 
the lowest-emission hours, emissions fall 25%, saving ~18 million tonnes CO2/year. 
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Implications & opportunities 5 
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Many actors can capture this value 
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Utilities, GIWH manufacturers, installers, solar companies, aggregators, and customers 
themselves can all capture a piece of this $3.6 billion/year prize 

Successful	  business	  models	  will...	  
v  Capture	  more	  than	  one	  source	  of	  value	  

from	  GIWH	  deployment	  
	  

v  Rely	  on	  standardizaHon	  and	  scale	  to	  
reduce	  costs	  
	  

v  Provide	  customers	  things	  that	  they	  want,	  
not	  just	  services	  that	  the	  grid	  values	  

Compe88on	  is	  not	  limited	  to	  tradi8onal	  players	  
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