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Distributed Energy Resources

* Fine-grained equipment and practices

= Co-located or near the consumer

= Support the utility in delivering energy services
= Types*®

— Generation resources: embedded generation (fossil fuel
-fired or renewable)

— Grid resources: grid-sited storage, reduced grid losses,
improved power factor

— Demand-side resources: efficient end-use equipment, motor
controls, shiftable loads, consumer-sited storage

* Lovins, A. B., Small is Profitable: The hidden economic benefits of making electrical resources the right size, Colorado,
USA: Rocky Mountain Institute, 2002.
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Energy Services

= Energy forms, processes and products from
where users derive the value of raw energy
carriers

= Examples:

— Direct energy services™: illumination, space
conditioning, mobility, water heating, cooking, etc.

— Indirect energy services®: information processing,
entertainment, commercial goods, etc.

= Demand and value of services change with time

* Haas, R., etal, "Towards sustainability of energy systems: A primer on how to apply the concept of energy
services to identify necessary trends and policies," Energy Policy, 38 (2008) 4012-4021.
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Modeling Energy Services

E Temporal Varlatlon Of Demand for hot water service
demand (liters or thermal kWh per hour)

/]

= Temporal variation of
value time

— Value is assigned to the Vatte of o
“energy equivalent” of the | J2ueorhotwatersenice (/i)
energy service

= Relationship between

fime
“energy equivalent of 12 MN £ AN 12 NN & PM 12'MN
energy service and actual Modeling the demand and value of water
energy consumption of heating service in a restaurant.

end-use equipment.
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DER Scheduler

= Schedule the operation of DER to maximize the
net benefit of energy services

= Net benefit = “benefit derived from availability of
service” — “cost of provision”

= Scheduling takes advantage of
— Temporal variation of cost of electricity
— Flexible delivery of some services

— Temporal mismatch between demand and electricity
consumption

— Availability of active storage options
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Scheduler Mathematical Formulation
Maximize

=~

ime

services
( Z value derived from energy services | —cost of electricity

:Z (( AES,i(t)UES,i(tfx))_Ae<t) Pe(t’ x)

l Hourly energy consumption

Hourly cost of electricity

x = DER operation schedule
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Particle Swarm Optimization

= Population-based search
technique

= Particle positions and speeds are
updated by

t+1
i

+62 -rand () ( p;best,i _pf)
'/ t+1_ ¢ t+1

Personal Best pi =DtV

Global Best

V :w-vﬁ—l—cl'l"and()'(pthest,i_pg)

= Robust, simple implementation,
can generate solutions to
complex optimization problems

= Binary PSO: p. is either 1 or 0
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Case Study: Description

= Residential premises
= Services to provide

— Space heating n
Tl
— Pool pumping
- Others Must-run
] DER Heater pz?nopll
— Space heater
— Pool pump Time of Use Cosl, A: (5/kWh)
Pcak (2-8 PM) 0.3025
— Battery Shoulder (TAM-2PM. 8-10PM) (0.1089
— PV Off-pcak (10PM-7AM) 0.0605
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Case Study: Services demand and value

Demand for space heating:

Demand for pool pump service:

5 pump should run at most 6 hours/day,
520} e ©99999 1 anytime between 8am and 10pm
E Ccoo0o0CC ﬂ‘ o0
*E 181 o Desired
z Outdaar . .
= mﬁ Perceived value of services:
= :
5F i : ; ] Walue of "energy equivalent” of services. fr,rh, [S/kW Y
o & 12 18 24 ngg
Demand for must-run services: -
20 ggg :--- mn ....E i .....:
2 15 '
E 10 —— hiust-run. J”'Ee.n1usx rurt B
sennne SpEce heat, 7 it
c E&hast
g 0.8 B B I Pool pump. bz ity [ 7]
0.0 : : : - : =
o Q ] 12 18 24 0 g 12 18 24
Time of Day Titme of day
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Case Study: Variables to optimize

Hourly heating power of
space heater, x

heat

Hourly battery charging
and discharging rate,

xbatt
Pumping periods, x, =
[xstartl xstartZ xstatel xstateZ]
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Case Study: Mathematical formulation
Maximize

ES must run (t) UES must run (t)

i
Z _I_AES heat( ) ES, heat(t xheat) _Ae(t)Pe(t’x)

t=1
ES pool( ) ES,pool(t’ xpool)

Expressions for the “energy equivalent” of the services:

- UES,mustrun (t>: Pe,mustrun(t>
= energy consumption of must-run services

= Uss poot(t)= P, 00 (t)=energy consumption of pump

“ Ups jou(1)=5(0(1)=0,, (1)) =heating load
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Case 1 : Heating senice

Baseline Case £, [t o o
= DER are manually : -
controlled ; 4 i 2 )

Pucl pump and space healer schedule

= No battery storage o

= Cost: $4.40 g,:[,_—| L‘ E
= Net import: 25.8 kWh 0 - - - -
= Export: 2.0 kWh

Grid impart and PV generation

= Peak: 2.6 kW [ p————
= ‘\—,I_l’:l:::j—_c_’_\_‘_l‘
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ase 2

F‘. —_ Heating senvice
i gz |
= No battery storage T ool | ]
2 00 o 0O 00
= Cost: $3.60 LI e é
B 18 i

0] & 12 13 24

= Net Import 261 kWh Fonl pump and 2pace heater schedule
= Export: 0.0 kWh 20 ! ‘

= Peak: 2.6 kW 1-0-/_,|I§L_| hJ_hjj ] ‘

nd import and PY generation

ki
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ase 3

- o5 . .
F e Battery storage e -
available £ % o
2 18

3 Q g 1I2 1I<3 24
" COSt $3 25 Fool pump, space heater, and battery {stored charge) schedule
= Net import: 26.5 kWh ceae, | ——Pump
= g S ELE R 2 Heater |-
u Export: O kWh ; ¥ ] ’_> 'B._ ~--8--- Ballery |
= Peak 30 kW GG--n--e--a" —‘ VJ. §I—‘ o £ -
12

13 24
Grid import and PY generation

0 & 12 18 24
Tirne of day
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' Case 4

Heating service

- = No battery storage Ej; ' e
= Net feed-in rate: I o
$0.44 / kWh . - '
o & 12 18 24
- COSt $084 F'nlcnlpumpand spalce heaterschedl.ljle
= Netimport: 18.8 kWh ’er rﬂlj
= Export: 7.8 kWh ; - '
0 . 12 18 24

= Peak: 2.6 kW Grid import ahd PV generation

= Pool pump not
operated
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Case 5

- = Battery storage
available

= Net feed-in rate: ! ; ; i L
$044 / kWh Poal pump. space heater and battery (stored charge) schedule

= Cost: $0.21 20 | ﬁ.* \
= Netimport: 19.2 kWh = 1op" 1
= Export: 9.5 kWh %0 s
= Peak: 2.7 kW 50 Grid import and PV generation
= Pump not operated s

Healing senvice

B

M

CBEO000

Termperamre (7C)
= = k] MR
o L)

-
=
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Case 6

Heating service

= Value of pool pumping E;
service reduced from £
medium to low £ s | . ;
= o B 12 18 24
— Battery not available Pool pump and space healer schedule
= Cost: $3.30 L
= Netimport: 23.4 kWh ~ —jlhfﬁh T
= Export: 0.0 kWh "0 6 12 ie 2
= Peak 26 kW 30 | Gridimportam:f PV genetation
= Pump operated only 2 fz‘_/l"_l;':“_,n_lﬁ
for 3 hours ) — i
0] i 1z 18 24

Centre for Energy and
Environmental Markets

Current Research Developments

= Added a 4" controllable DER: storage water
heater

Plug-in hybrid used as energy storage option
= Use co-evolutionary PSO
Scheduling under uncertainty

= Future: aggregation of DER schedules to effect
large-scale response
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Conclusions

= The provision of energy service may be improved by
recognizing that consumers put different levels of
benefit to different services.

* The energy service modeling technique enables users
to assign benefit to services, and differentiates the
energy that realizes the service from actual electric
energy consumption.

= The scheduler was able to optimize the provision of
services by controlling the operation of available DER.

= PSO was able to produce efficient schedules in brief
computation times.
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Thank you,
and
Questions?

Many of our publications are available at
www.ceem.unsw.edu.au
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