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Efficiency	 was	for	 fossil	systems	what

Flexibility will	be	for					future	systems
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Does	efficiency	matter?

2	conditions:

<	constrained

<	valuable
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Does	efficiency	matter?

PV

Constrained?

Valuable?

Sun	– no
Space	– maybe
Cost	- yes
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UK	productivity

Time	(constrained)

GDP	(valuable)



÷ = Out
In

1

Does	efficiency	matter?

Demand

Energy

Service



÷ = Out
In

1

Does	efficiency	matter?

Demand

Energy

Service
Very	valuable

Not	constrained



÷ = Out
In

1

Does	efficiency	matter?

Demand

Energy

Service

constrained

valuable



÷ = Out
In

1

Does	efficiency	matter?

Demand

Energy

Service

constrained

valuable



Efficiency

Flexibility

Storage

Flexible	Demand





Synchronicity
(seconds	- minutes)

Rhythm
(hours	– seasons)

Change
(decades)



Synchronicity
(seconds	- minutes)

Rhythm
(hours	– seasons)

Change
(decades)



Everything	changes

Merit	order	 à Zero	SRM	cost

Physical	inertia	 à Fast	response

Fuel	 à Electricity

Supply	 à Demand

Central	 à Distributed

Market

Resilience

Storage

Responsiveness

Operation
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in	short:	
1. Assume	a	costly	counterfactual
2. Re-optimise	with	storage	and	(free!)	DSR
3. Claim	all	savings	are	passed	to	consumers		

(p.4:	“£40bn	off	their	energy	bills”)
4. Rely	on	“markets	and	competition”
5. “Expect	consumers	want	high	levels	of	

automation”
6. Trust	in	technology	to	do	good
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Figure 10: Market and system value of storage. The value for storage realised
in a volatile energy market is consistently lower than the system wide value.
Based on 2030 adapted Grassroot scenario with 6 h storage. System values:
Strbac et al. (2012)
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Figure 11: Illustrative example of storage value composition 2020–2050. In
2020 distribution network savings provide a large share of value. In 2030 op-
erational savings constitute the largest component, before in 2050 savings from
avoided peak generation capacity become significant. Distribution network sav-
ings remain stable in absolute terms, such that their relative contribution in
2050 becomes minor. Based on adapted DECC Grassroots scenario with 10 GW,
24 hour distributed storage, Strbac et al. (2012).

16

System values: Strbac et al., Strategic Assessment of the Role and Value of Energy 

Storage Systems in the UK Low Carbon Energy Future. The Carbon Trust

Storage	value
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Figure 5.4: Price duration curves for different levels of wind deployment.
Graph is capped at £1000/MWh. For high wind cases prices can reach up to
£10,000/MWh at peak hours.

assumptions are expected to be sufficient.

5.2 Model inputs and validation

5.2.1 Input data

Scenarios

The core scenario for this study is based on the DECC Grassroots scenario, which is de-
scribed by DECC as

A (tacitly) high fossil fuel price pathway where the public embraces high energy demand
reductions and multilateral innovation drives reductions in renewable technology costs,
bringing them on an economic par with other forms of low carbon generation.

Etheridge (2011)

This scenario comprises a high share of renewable generation, which is interesting for
this study, because it allows to explore the relationship between renewable generation and
the commercial value of storage. The generation mix of this pathway is shown in Figure 5.5.
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Figure 5.2: Generation and demand profiles with the resulting level of electri-
city held in storage. Illustrative example for three weeks in August. Base case
scenario with 30 GW installed wind and 10 GW 6 hour storage.

during these periods has to become. In the absence of such price spikes these plants are not
economically viable, retire and risk supply shortages and blackouts1.

The same principle can be applied for the reverse situation. If demand is low and
plant with high short run marginal cost are no longer operating, any further reduction in
generation requires plant with low short run marginal costs (and thus little incentive to
curtail output) to reduce generation. The bidding position is now reversed in that bidding
takes place on the price at which these actors are willing ‘not to generate’. As in the
example above, the less capacity remains the stronger the bidding position for those actors
and market prices can depart significantly from the marginal cost. The symmetry between
this marking up and marking down of wholesale prices allows for a single function to describe
both phenomena.

The function to calculate the uplift U consists of a proportional term (κ) and an expo-
nential term (α)

Ug(t) = 1 + κ × e
−α

(

Cg −Pg (t)

Cg

)

(5.8)

where g denotes the class of generator in the merit order (e.g. peaking plant, or wind).
The multiplier in the exponent is a measure of the ‘slack’ in the system. Cg is the installed
capacity of this class and Pg(t) denotes the output of this class at this moment. Analogously,
during periods when demand is low, Cg is the capacity remaining on the system and Pg is
the curtailment required from this class.

From this uplift function the wholesale price Π at time t can be calculated from the
marginal price π̇g as

Πg(t) = π̇g ×

[

1 + κ × e
−α

(

Cg −Pg (t)

Cg

)

]

(5.9)

The uplift function only applies to the extremes of the merit order. Mid merit plants
are bound by the marginal costs of their neighbouring plants. Their minimum bid is their
own short run marginal cost and the maximum markup they can realise in a competitive

1The extent to which uncertainty over future earnings can inhibit resource adequacy despite such price
signals has been studied by Eager (2010) and is discussed in (Grünewald et al., 2011).

Price	volatility



3.4. Storage efficiency

Low round trip efficiency is cited as one of the drawbacks of electricity storage. The
sensitivity of the value of storage to its efficiency has therefore been simulated.

Figure 7 shows two simulations of storage with 20 and 40 GW of wind on the system
respectively. In the former the value of storage increases almost linearly with efficiency at
around £1.6 per kW per percentage point. With higher levels of renewables the marginal
value of efficiency reduces, especially above 70% efficiency. Here, one percentage point is
worth less than £0.5 per kW.
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Figure 7: Higher efficiencies have a minor impact on the value of storage in
high wind scenarios. Case: 10 GW with 6 hour duration in base case scenario.

3.5. Storage in nuclear and CCS scenarios

The primary driver of the value of storage in the examples so far has been the effect
of intermittent wind on wholesale prices. Scenarios with stronger emphasis on CCS and
nuclear yield significantly lower values.

The nuclear scenario with a high share of base load capacity still shows a somewhat
increased value of storage compared to present levels. Storage has the potential to charge
with relatively low cost energy during low demand periods, but the price spikes are less
extreme, since peaking capacity operates on higher load factors.

In the case of CCS the situation is highly unfavourable for storage. The marginal cost
of generation are generally higher with less arbitrage potential.

3.6. Mismatch between market value and social value

The analysis above considers the commercial value of storage for investors operating an
an idealised and somewhat confined wholesale market. Whole system studies can provide
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Figure 5.4: Price duration curves for different levels of wind deployment.
Graph is capped at £1000/MWh. For high wind cases prices can reach up to
£10,000/MWh at peak hours.

assumptions are expected to be sufficient.

5.2 Model inputs and validation

5.2.1 Input data

Scenarios

The core scenario for this study is based on the DECC Grassroots scenario, which is de-
scribed by DECC as

A (tacitly) high fossil fuel price pathway where the public embraces high energy demand
reductions and multilateral innovation drives reductions in renewable technology costs,
bringing them on an economic par with other forms of low carbon generation.

Etheridge (2011)

This scenario comprises a high share of renewable generation, which is interesting for
this study, because it allows to explore the relationship between renewable generation and
the commercial value of storage. The generation mix of this pathway is shown in Figure 5.5.
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Large	scale	storage



Importance
LowMediumHigh

Cost Lifetime Energy Power Size Weight Efficiency

Lack	of	
alternatives

High	device	
turnover

Daily charging	
accepted

Steady	load	
modest	peaks

Miniaturisa-
tion

Handheld	
devices

Avoid	
overheating

Early	adopter	
willing	to	pay

High	device	
turnover

Range	anxiety Fast charging
Accelerate

Space	is	
precious

Moving	
mass

Economics and	
range

Competitors:	
gas,	diesel…

Reliability	
required

Hours,	days
(and	longer?)

Relative	to	
energy

Esp.	if	on	
remote	sites

Not	an	issue Less	important	
with	high	RES

Performance
LowMediumHigh

Cost
$/kWh

Lifetime
yrs

Energy
/Power

Power
MW

Size
m3

Weight
t

Efficiency	
%

Li-Ion 500
(150)

3-10 2 0.001-
10

1	–
1000

0.03
300

>90

Flow	battery 500 10 5+ 0.1	–
100

10	–
10k

20	–
20k

80

Pumped	hydro 150 60 4-30 200	–
2000

10m 10m+ 73

Compressed	air 80 –
250

40 2-26 100	–
300

100k	–
500k

? 45	–
70

Thermal 5	–
300

10	–
30

10 0.001	–
100

0.1	–
10k

0.1	–
10k

40	–
80

Power to	gas 4	–
50

10	+ 10	++ 0.01 –
100

100	–
500k

? 35
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based	on	Strbac 2012

Very	similar	for	the	system
Very	different	in	terms	of	motivation,	cost,	reliability





Responsiveness
to time-varying pricing 
Low Carbon London Learning Lab 

Price	signal	flexibility





Two	types	of	agency

Appliances
• Battery
• Storage	heater
• Dishwasher
• Washing	machine

People
• Activities
• Practitioners
• Provisions
• Norms

Storage based Service based



kW

2

1

42	Households	at	5:30pm

based	on	HES	data

3	dimensions	of	diversity:
1) People
2) Days to	day
3) Energy uses

Average	users	are	rare



Do	we	understand	what’s	asked	of	us?

12A Consumer Perspective – Antonia Dickman, Ipsos MORI |  July 2016 |  Version 1  |  Public  |

But how “smart” should we go?

Turning off after set period 
of time (e.g. 10 mins)

Switched off by electricity 
network operator for short 

periods of time

Automatically turning off 
if left on standby for long 

time
78%

47%

30%

13%

21%

23%

9%

32%

47%

Proposition Acceptable Unacceptable

Base: 2,441 British adults aged 15 and over, 2nd-12th August 2012- Source – Cardiff University/ Ipsos MORI
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HelpYouHome

Screen[Title]

Activity[Title]
Activity[Icon]

What I didHot drink at 2:20pm

b) Set time c) Location d) Other people e) Enjoymenta) Homef) Edit



Home
Outdoors
Work
Public Place
Travel
Elsewhere

Personal
Joint
Work
Food
Appliances
Customise

Next...
Prepare
Lay of clear
Eat
Snack
Hot drink

Cold meal
Hot meal
Baking
Lay table

Next...

Next...
Oven
Hob
Microwave
Kettle
Toaster

No one
1
2
3
4
More

Very much
Somewhat
So so
Not much
Not at all
Skip

Location Activity Other people Enjoyment

3	selections	à discriminate	216	options	(…1,296…)



Sewing

Clean floors

BBQ

Read to child

Be with child
Feed child

Laundry (!)

Ironing

Laundry
Tumble dryer



Life	is	busy







Exploring flexibility

information /
nudge

circumstances

smartness /
     technology

money / 
reward



Efficiency
- It	matters
if	IN	constrained	and	OUT	valuable

Flexibility
- Lost	in	physical	inertia,	fuel	stores	and	central	control
- To	be	replaced	with	storage,	DSR	and	decentralised	control

Storage
- Significant	(split)	system	value
- Short	term	P,	long	term	E

Flexible	Demand	
- Not	all	about	energy	and	money
- We	change	what	we	do	all	the	time



Thank	you


