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* Global Population over % urban

* Cities responsible for % of global
energy

* Challenges of UES

O Economics
O Increasing demands
O Managing complexity

Group 4: Urban Energy Systems
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erial College  Community Energy (CE)

* 5,000 UK communities participating or
considering CE

* 2015 Energy Restart disruptive
* 90% of CE groups reconsidering

* Research questions

O Alternatives for community
participation?

O Role for energy integration?

O Use of Renewable Heat Incentives
(RHI)?

Hayden Dahmm #29 Group 4: Urban Energy Systems 4
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o Methods

e Created generic community from London data
 Divided into sectors, time of day, and time of year
* Modeled economics for each sector

* Nash Bargaining from ‘Game Theory’

Hayden Dahmm #29 Group 4: Urban Energy Systems
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Reductions in Annual 002 Emissions for Different Cooperative Scenarios

* No Sharing 25
* Share Electricity

N
o

e Share Heat

—_
(6]

e Share Electricity and Heat

-
o

* Cooperation magnifies
environmental benefits

(&)

% Reduction in Annual CO2 from Base Case

o

No sharing Share Electricity Share Heat Share Electricity
& Heat

Hayden Dahmm #29 Group 4: Urban Energy Systems 6



erial College - Scenario details

e Sharing both energy resources together captures greater value
* More of both energy vectors traded
e Some sectors profit

Energy Exchanged According to Scenario Financial Benefits for the Hotel Sector

25 100
BEiectricity 80 -
20+ WHeat 60 -
40
151 20

o
T

Energy Traded in the Community (GWh/year)

Expense/Profitability Relative to Base Case (%)

10+ -20 l ’
-40
5. -60
-80
5 l ‘ 100 . : : .
Share Electricity Share Heat  Share Electricity & No sharing Share Share  ghare Electricity &
Heat Electricity Heat Heat
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erial College  Fffect of government payments

° I ncrea Si ng payments 5 Effect of RHI Payments on CQmmunity Energy Exchanged
discourages cooperation By
= Heat

* More options through
independent action

N
(6)]
T

______________
___________

e Cooperation makes
communities resilient to policy
changes

Energy Traded in the Community (GWh/year)
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erial College  \/otivation and Objective

Challenge

Distribution grid

_ How?
reinforcement

Technologies

Project objective

Application of AC and DC on an urban grid and comparison in terms of power losses, volume of the equipment and cost

Myrto Thoma #31 Group 4: Urban Energy Systems 10
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don Case Study

Residential Area

5% load growth

Solar PV on rooftops

Demand ar
Generatio
mismatch

Commercial Area

20% load growth

Poweer [MW]

Myrto Thoma #31 Group 4: Urban Energy Systems 11
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Conventional AC Scenario Smart DC Scenario

previous distribution fevel

b f

2
{3

W M

I I
[l I
i

1: Switchgear equipment 1: Switchgear equipment
2: AC feeder 2: DC Substation
3: Transformer 3: DC link
Myrto Thoma #31 Group 4: Urban Energy Systems 12
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Losses @ Volume - Cost

/A\s

Equipment Equipment
Equi nt Equipment %
r auipme aup AC DC
ﬁé < ﬂé Scenario Scenario
AC Cables DC Cables
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jon Conclusions

DC systems are competitive to AC in terms of power losses, volume and
cost.

However, the results of the scenarios examined here depend on the
generation pattern and the assumptions made.

In real applications the feasibility of AC and DC systems depends on the
availability and the cost of land, which vary significantly with the
intended installation location.

Myrto Thoma #31 Group 4: Urban Energy Systems 14
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Distributed Generation (DG)

Demand Side Management (DSM)

tricity or Heat demand

Elec

~
. 7
Time

I
|
|
I
I
I
|
|
|
|
I
|

\4

Specific opportunities from:
e High energy densities

* High interactions between
URBAN ENERGY SYSTEMS energy services
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L AREA DESCRIPTION

Total Social Cost
minimization

Carbon emissions

thresholds

X
AIMMS

Group 4: Urban Energy Systems 17



erial College  Case study, results & conclusions
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STUDY

tive local area of 10 households

( energy context

nited range of technologies

LUSIONS

lited impact of DSM, major role
DG

forming tool for local districts

blore other promising concepts
5. electrical energy storage)

Series of Simulations: test DSM impact with varying agents’ characte

Total social cost (£)

7500

7000

6500

6000

5500

5000

4500

4000

3500

¢~ Intermediate (+) DSM acceptance

—— Intermediate (-) DSM acceptance

Sensitivity analysis - range determined from
maximal and minimal DSM acceptance assess

18

20 22 24 26 28 30 32 34 36
Total carbon emissions (tCO2)
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don
Challenges of electric vehicle uptakes

Drivers
 Nowhere to charge

Investors and Operators of Charging Infrastructure
e Limited number of users
Electric taxis with rapid charging network
could be the solution
Have stable travelling demand

Relatively simple management needed
Grow public’s confidence in this new technology

Wei Xin #33 Group 4: Urban Energy Systems



erial College — Charge Point Locating

 Profitability
 Availability

/
\

Enoughspace
Cost

* Viability
Grid
snnetnt * Impacton local
network

Wei Xin #33 Group 4: Urban Energy Systems 21
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Agents

* Technical
parameters

* Individual
behaviour rules

Impact on operation

N Cesesuoy
London

Energy impact

Utilisation

Environment
Charging service

Road network

Available land use ﬁ
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Results and Discussions

How many charges a taxi needs per day? Utilisation Rate and Average Waiting Time of Charging
Stations
= 1 charge m Utilisation rate Average Waiting Time
70%
= 2 charges
J 60%
1% = 3 charges (Frequent 50%
airport-traveller) %
~ 40%
c
i
3 30%
5
g De|ay: 3:43 Afternoon Delay: 4:04 Late Evening 20%
2ak > Travel Peak le — Travel Peak
10% .
0%
—0) | O O | O | > <2 2-5 5-10 >20 (Airports)
07:30 1:13 16:30 20:34 22:00 23:30 04:00 Time Distance to Leicester Square(city centre) (km)
First Second
Charging Peak Charging Peak
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« Charging network in the case study: can uptake more taxis

« Imbalanced utilisation rate

« Unexpected energy demand and congestion in central area

« More detailed behaviour rules and behaviour-adaption can be integrated in the model

« Optimisations of strategic planning on the charging network expansions would be insightfi

Wei Xin #33 Group 4: Urban Energy Systems 24
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Virtual Power Pant (VPP)

A virtual power plant is a way of linking up small and distributed power stations
into a single operational network that is controlled to form one integrated central

place.

8
=55}

L

il
i\

d

[

VIRTUAL
POWER PLANT

ENERGY PRODUCED IN DIFFERENT LOCATIONS
BY DIFFERENT MEANS IS MONITORED
BY THE VIRTUAL POWER PLANT

,+MM

G WHEN A LOCATION HAS RUN OUT OF ENERGY, IT CAN
HAVE ACCESS TO ENERGY FROM ELSEWHERE

¥ aibeie sninl..

E WHEN A LOCATION HAS ENERGY TO SPARE, IT CAN
SHARE WITH OTHERS

o kel iual,

D WHEN A LOCATION HAS USED TOO MUCH ENERGY, THE VIRTUAL
POWER PLANT RECOMMENDS OTHER MEANS TO GET SOME MORE

Orkhan Karimzada #30
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Uncertainties

Orkhan Karimzada #30
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Methodology

Case Studies:
e Conventional generation
* Renewable generation

* Aggregated generation

Several optimization methods
were investigated to deals with the
problems of making optimal
decisions under uncertainty and
solve of profit maximization

problems

| A P E,o
ge ' Q‘ ‘z“ép ‘ { »-

Which Resource? How Much Energy? For How Long?

Schedules

Orkhan Karimzada #30
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erial College - Result & Conclusion

* The proposed optimization strategy of VPP operation planning model is intended to help the VPP
owner maximize its profitin a daily time-frame, and it is more capable of handling the situations
with high forecast uncertainties in both supply and demand sides

* Combining the portfolio of conventionaland intermittent generation in the VPP portfolio
increases the expected profit of system.

* Investigating of energy storage technologies is beneficial in terms of maximization of profitand
choosing the best strategy to optimize VPP portfolio.

Orkhan Karimzada #30 Group 4: Urban Energy Systems 29
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Distributed energy provides Could be, but...
diversity in energy sources and

locations o ,
* How significant is the

contribution?

_._ e |s it sustainable?

Veronica Uribe #32 Group 4: Urban Energy Systems
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implified Supply Demand Index (SSDI)
to evaluate resilience

100 -/ *

0ol X

Low energy intensities

Electricity capacity
exceeding the peak load

Diversity in primary
energy sources

No imports

Life Cycle Approach for

sustainability

Veronica Uribe #32
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on Case study: Colombian energy resilience

The challenge Distributed generation Results

* |f solar displaces a portion?

i i . .. of coal the impacts are
Colombian SSDI will Solar PV in the main cities reduced P
decrease

strategy e Solar increased resilience
by 2%

e Solar + lower energy
intensities increased
resilience by 7%

i

Sy

 Sustainability impacts
increased by adding solar

Veronica Uribe #32 Group 4: Urban Energy Systems 34



erial College :
jon Conclusions

* The method was effective to evaluate resilience and sustainability.

* The impact of urban renewables on resilience depends on techno-
economic feasibility.

* Grid and commercial strategies are fundamental for success.

HI< @ o+ TIT + & = Resilience
’I’
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