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Some introductory remarks

A complex issue

Many different

- —

/
- Technologies o 1 L.

- Applications
Energy vectors
Energy system is more than just electricity

Renewables are tied to storage and demand management in the
debate but not fundamentally

Cost trends in batteries in particular are declining rapidly, but will they
continue ?

Regulatory and policy framework critical

Very

system specific
- emotive topic
- difficult to give make definitive statements
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Historical Pumped Storage Driver
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Island Applications
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Wind Power
= Myths
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Wind Installed in Ireland

Irish Wind Capacity (MW)
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http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/

Net Savings with storage
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Emissions with storage
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Comparing the flexibility options JLm_

Demand response — without costs

)
ﬁaﬂery starage benefits with Jow costs only
(better for PV than wind)

\ﬁansmission best cost benefit

j)wer to heat good cost benefit

-1 0 1 2 3 4 5
System benefit of flexibilities (G€/year)

= Relative value of new flexibility options for Northern Europe,
scenarios with lot of wind power: 42-55% of energy

Dem. resp.
Battery 100
Battery 50
Flex

PHP

Trans unim.
Trans

Elec. boiler
Heat stor.
Heat pump
EB+HP+HS
All

» For wind, transmission, heat sector flexibility and demand response

most important (Source: Kiviluoma et al, VTT)



Boys and toys pumped storage in Ireland

ENGINEERS



Storage Low value and declines rapidly
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Figure 4-7. Storage operational value as a function of size for an energy-only device

Denholm, P., Jorgenson, J., Hummon, M., Jenkin, T., Palchak, D., Kirby, B., Ma, O. and O’Malley, M.J., “The
Value of Energy Storage for Grid Applications”, National Renewable Energy Laboratory, Technical Paper
NREL/TP -6A20-58465, May 2013.

http://www.nrel.gov/docs/fy130sti/58465.pdf
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Storage play that went wrong

Flywheel Energy
_ Storage Lives On at
Beacon Power

An update on
Beacon, emerging
from bankruptcy to
work the frequency
regulation markets

Eric Wesoff
May 31, 2013

Mark O’Malley, Chet Lyons,
Brendan McGrath, Keith
McG rane, NY, JU|y 2011 firms like Beacon Power, which are still works in

The DOE loan program had its obvious big losers
(Solyndra), its seemingly big winners (Tesla), and

http://www.greentechmedia.com/articles/read/Flywheel-Energy-Storage-Lives-On-at-Beacon-Power



Normalized Output (MW)

Ap)m Not All Megawatts are Created Equal
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Fuel Mix Ireland Dec 4th 2016

Average Fuel Mix

Average Fuel Mix s a representation of the System Generation fuel mix and net imports across the
power system. The DAY view below shows the average fuel mix for the last 24 hours.

MONTH

COAL 23.72%

GAS 53.04%

NET IMPORT -4.54%
OTHER 6.72%

RENEWABLES 21.06%




Gas grids have storage

=
eia)

Figure 1. Types of underground natural gas storage facilities

A Salt caverns

B Mines

C Aquifers

D Depleted reservoirs
E Hard-rock caverns

Source: PB-KBB, inc., enhanced by EIA.

http://www.solarstorms.org/Pictures/AlaskanPipeline.jpg



Energy Systems Integration

Electricity

Thermal

Fuel

ole]~

optimization of energy systems across multiple pathways and scales

increase reliability and performance, and minimise cost and environmental impacts
most valuable at the interfaces where the coupling and interactions are strong and
represent a challenge and an opportunity

control variables are technical economic and regulatory

:: International Institute
. ' for Energy Systems
Integration



The global energy system today

Renewables
and waste Industry
68 EJ 127 EJ
Other end-
use 23 EJ
Buildings
_ 115 EJ
Fossil fuels Refineries
411 E and other
transformation
Transport
93 EJ
Nuclear
29 EJ
Own use, conversion
and distribution losses 149 EJ
M Renewables and waste M Fossil fuels [ Nuclear ¥ 0il products M Electricity B commercial heat

Dominated by fossil fuels in all sectors: (Source IEA)



The future low-carbon energy system

Renewables

Industry
and waste 1908
289 EJ
Other end-
use41lE)
Buildings
130 EJ
Refineries
. and other
Fogszllzfll;]eb transformation
215EJ
Transport
105 EJ

Nuclear
86 EJ

Own use, conversion
and distribution losses 233 EJ

M Renewables and waste M Fossil fuels 7 Nuclear ¥ Oil products M Electricity

B Commercial heat M Hydrogen

The 2DS in 2050 shows a dramatic shift in energy sources and
demands: (Source IEA)



Look at heat and demand management

S. Heinen et al. / Energy 109 (2016) 906—919
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Fig. 3. 2030 hourly demand profile and annual demand for electricity in Ireland and residential heat for 400 000 well-insulated Irish households [35,46].

Heinen, S., Burke, D. and O’Malley M.J. “Electricity, gas, heat integration via residential hybrid
heating technologies - An investment model assessment”, Energy, Vol 109, pp. 906-919, 2016.



Load shifting (thermal electric storage) in Ireland

o1 Capacity value of resource is limited because:
i/

i

o Consumer requirements

C —e—Load-Shifting Resource Operation (MW)
—=—Heat Output (MW)
== Heating Requirement (MW)
=8-=Thermal Energy Storage (MWh)
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S Nolan, O Neu, M O'Malley. ““Capacity Value Estimation of a Load-Shifting Resource using a Coupled Building and Power System Model", Applied Energy, In Review



Demand response - the “consumer” and the “business model”

O o=

Nolan, S and O’Malley, M.J., “Challenges and barriers to demand response deployment and evaluation”, Applied

Energy, Vol. 152, pp.1-10, 2015.
O'Connell, N., Pinson, P., Madsen, H. and O'Malley, M.J., “Benefits and Challenges of Electrical Demand Response:

A Critical Review”, Renewable & Sustainable Energy Reviews, Vol. 39, pp. 686 - 699, 2014.



Heat storage is all about scale




Cost of heat storage
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How they do it in China

 Established in Inner Mongolia,
2014, with 20 electric boilers

o mgﬁ“ﬁ ‘ﬁ&gl\a

im R 'i'i i W

« 500,000 m? heat supply

e 75 GWh wind power annually,
equivalent to 19,000t coal

 Decrease CO, emission by 68,000t

Source: Chongqlng Kang Tsmghua University

Chen, X,, Kang, C., O’'Malley, M.J,, Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857, 2015.



Wind & solar PV curtailment in China

Wind and Solar Energy Curtailment Rates by Province in China, First Six Months of 2015
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Flexible CHP can reduce wind curtailment

BAL E-boiler

1000

Both
1000 ' '
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Hours Hours
Bl Conventional BECHP-1L CHP-2IWind Il Wind Curtailed  Load

Chen, X., Kang, C., O’'Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined
Heat and Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30,
pp.1848-1857, 2015.



Electricity
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Fig. 1. Schematic of the integrated power-residential heat system studied.

Heinen, S., Burke, D. and O’Malley M.J. “Electricity, gas, heat integration via residential hybrid
heating technologies - An investment model assessment”, Energy, Vol 109, pp. 906-919, 2016.



S. Heinen et al. / Energy 109 (2016) 906—919
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Fig. 5. Cost breakdown for deployment of different heating technologies (B-R, HP, HP-B, HP-R) relative to gas boiler (B).



-~
o
o

)

= 600

o 500 . .

g 400

2 300 g

& 200 = [

S 100 =

n 0 =

lw hgh Iw hgh Iw hgh Iw hgh Iw hgh Iw hgh
sto sto sto sto sto  derated
sto

B B-R HP HP-B HP-R

Space = Water

Note: Iw: low gas price; hgh: high gas price; de-rated sto: storage enabled but with 10% stationary losses

Fig. 9. Storage capacities build for different technologies (for well-insulated buildings and carbon price 30 €/ton).

Heinen, S., Burke, D. and O’Malley M.J. “Electricity, gas, heat integration via residential hybrid
heating technologies - An investment model assessment”, Energy, Vol 109, pp. 906-919, 2016.



Design the demand side to be flexible
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What about solar

36
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Figure 1. Power generation across one week in July 2020, BEE scenario [6].
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== Consumer Zelle
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Going off grid

Battery Back-up Power
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From Grid Parity to Battery Parity
(in EUR/KWh)
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== Flectricity price for households (2.5-5 MWh/a)
== Electricity costs for PV*
Electricity costs for PV + Battery**

*Model calculation for rooftop systems, based on 802 kWh/kWp (Frankfurt/Main),
100% financing, 6% interest rate, 20 year term, 2% p.a. O&M costs

** Based on 5,000 cycles, 87% efficiency

Sources: Own calculation; System Prices: BSW 2015; Model Calculation: Deutsche
Bank 2010; Electricity Prices 2007-2015: Eurostat 2015; Electricity Prices 2016-2020:
own estimate at 0.29ct/kWh

Source: German Trade and Investment



The spiral of death

A

Utilities sell less .but still have
DOWET.. massive fixed costs

3
SOLAR
\

It already is in Solar becomes cheaper
many cities than the grid

v




Going off grid is very expensive

Going off the grid

Upfront cost of an off-grid system by reliability level v
present net cost of remaining connected to the grid,
typical Sydney household, 2015

M Energy storage system $72,200
M Solar PV system

$52,200

$12,910

95 per cent 99 per cent Eg.ﬂr cent Grid-connected

e

Off-grid reliability level
SOURCE: GRATTAN INSTITUTE




Conclusions

Storage and demand management have many potential roles
in future energy systems

In electricity, dedicated storage is very expensive (capital &
operations) and has many competitors — only applied in niche
applications

Battery technology is declining in cost (and/or improving
efficiency) but has a long way to go before it becomes
ubiquitous

Demand management is more competitive than storage in
many applications BUT it is constrained by the user

Price distortions can cause perverse incentives and improper
deployment of storage technology

Great research topic - interdisciplinary is important

Sound scientific advice to policy makers is important
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