Energy systems
modelling &
monitoring




Modelling challenges
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Defining data are
non-linear

Capital/running/maintenance cost
Overall Thermal/ visual comfort
problem 1s Emissions & air quality
. Network interaction/ power
systemic quality
Demand/ supply matching
Adaptability/ resilience

Influences are

stochastic -.w T“En
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[
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Violation of these predicates leads to a calculation tool, not simulation for reality emulation.




Help | See implications

TE energy demand

Diomestic transport behavionr

Shift to Zero emission transport
Choire of fuel cells or batteries
Doraestic freight

International avdation

International shipping

Average teraperature of homes
Horne insulation

Horme heating electrification

Home heating that isn't electric
Horne lighting £ applishees
Electrification of home cooking
Grrowth in industry

Energy intensity of industry
Commercial demand for heating and coaling
Corraercial heating electrification
Cormmercial heating that isn't electric
Corarnercial lighting & appliances
Electrifisation of commersial conking

calculator (http://2
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This 15 the DECC 2050 Pathways calculator. Click to find out more

TTE energy supply

Nuglear power stations

CCS power stations

CCS power station fuel rix
Offshore wind

Onshore wind

Wave

Tidal Streara

Tidal Range

Biomass power stations
Solar panels for electricity
Solar panels for hot water
Geothermal electricity
Hyrdroelectric power stations
Srall-scale wind

Electricity imports

Land dedicated to binenergy
Livestock and their manageraent
Wolurne of waste and recyreling
larine algas

Type of fuels from biomass
Bioenergy imports

http://withouthotair.blogspot.com/2010/07/2050-calculator-tool-at-decc.html

International versions:

https://www.gov.uk/guidance/international-
outreach-work-of-the-2050-calculator

Example Pathways ¥

TIE. greenhouse gas emissions

—

Geosequestration

Storage, dernand shifting & interconnection

More than 30 GW of backup generation may be require:

Share




Sustainable energy options

Heating,
CiO( nlj] l.'-'.

38 kWh/d

Jet flights:
30 kWh/d

Car:

40 kWh/d

UK total:
196 kWh/d.p

‘Defence”: 4

Transporting,
stuff: 12

Stuff: 48+

Fertilizer: 3

Food: 12

Cadgets: 5

Light: 4

Source: MacKay, www.withouthotair.com

Clean ocoal:

16 kWh/d

Nuclear:

16 kWh/d

[ Tide: 3.7 |

Solar in
deserts:

20 kWh/d

Clean coal:

16 kWh/d

Solar in
deserts:

16 kWh/d

Clean coal:

16 kWh/d

3.7

[ wave: 2 ]
Hvdro: 0.2
Waste: 1.1

L ]

Pumped
heat

12

Wood: 5
Solar HW: 1
[ ]

[ PV:3 |

Wind: 8

Nuclear:
10 kWh/d
Tide: 1
Hydro: 0.2
Waste: 1.1

[ ]

Pumped
heat
12
Wood: 5
Solar HW: 1

L_Dlofuels; & |

CWind—2—

[ wave: 2

Hydro: 0.2

Waste: 1.1

Solar in

deserts: 7

[ Tide: 3.7 |
Wave: 3
Hydro: 0.2
Waste: 1.1

Pumped
heat:
12

Wood: 5

Solar HW: 1

i |

Pumped
heat
12

Wood: 5

: Solar HW: 1 :

[ PV:3 ]

Wind: 8

[i]n[!]l'i\' &
PV:3 ]

Nuclear:

44 kWh/d

Tide: 0.7

Hydro: 0.2
Waste: 1.1

Wind: 32

Pumped
heat:
12

Wood: 5
[ Solar HW: 1 ]
[Biofuetsr 2]
l Wind: 4 l

Diversity

NIMBY

LibDem

Green

Economist

Issues: new technology vs. lifestyle change; political imperative; balance of options; supportive
legislation.




The Integrated MARKAL-
EFOM SVStem) TIMES Cost and emissions balance

GDP

Process energy

 Determines the energy system that
meets the energy service demands
over discrete time periods at least
cost.

Heating area

spuewaq""

Makes equipment investment
decisions and operating, primary
energy supply, and energy trade
decisions, by region.

Energy prices, Resource availability

Primary energy / Final energy Demand services

Outputs the optimal mix of TIMES inputs and outputs (Remme et al., 2001)

technologies and fuels at each period,
together with the associated emissions
to meet the demand.

N, Demand curve

Supply Curve

Outputs are energy system o Equlllbrl n

configurations, which meet the end-

use energy service demands at least

cost while also adhering to various

constraints (e.g. 80% emissions . Quantity
reduction, 40% renewable electricity Market equilibrium (Loulou et al., 2005)
penetration etc.).




metered

‘Big data’ analytics for e-services v

Queries:
Q energy use profiling; l
O heat-to-power ratios;
Q district heating feasibility; database of
Q daylight/solar/wind access; actual & future
Q fuel poverty distribution;

Q carbon maps. /V
remote
monitoring

/

consumption

scenario
simulation
e-service delivery:
U alarms & alerts;
U conditions monitoring;
U local & aggregate control;
U health services;
U information.

N

consumption/emissions monitoring; city profiling;
property classification; trend analysis; action
planning; equipment monitoring/control; post-
occupancy impact assessment; target attainment

information for government, local
authorities, institutions, industry,
utilities, citizens and others

Issues: resilient comms; cybersecurity; consumer participation; ESCo growth; service quality
assurance.




E-service outcomes

Range check for daily room temperature 2013

Live data for Space 2

Room temparature

Daily room temparature [°C)

= DEM 2006 v 0.82 beta

survey_nq1_8 || survey_g9_13 || survey_ql4_18 | rating | metrics | report

Carbon Emission Rating

address: 73 Scotland St

st cade: 505 ERT
lismnime: masager Aoborvmce: © & (8192

o (FFCo 0 bl B (69-81)
rater Jiosie Blogs
(56-69)

chate; 26082005 (39-55)

HEE b I 21-39)

. Energy Cost (€]
Knergy Consumpltion gy Coet (£}

Now Today This month

Heating system:  elestric+std-bailerrpost0d

200W
' GOOWW

0.003m>

Balance

[10KWh

5.1kWh 102k Wh

300kWh

0.15m™> 3.15m>

nai

Calculate
|
.

Tetal Cost = 1745 €

L anEaTp om 1§ ma

an expe cherd

Hotater system:

electictstd-bailerpast0q

Themmo slass: inf (ad]), ins (ady poor (8). poor (15)
Low GOZ2 technalogy: shw: no. pw: no, wind: na, shp: nane

Hew build: inf (adj), insCadix tight 03, high (150)




Energy opportunity map — national scale

12 Kilometers
™

Policy constraints

Sample Sites
Sample Sites

l0kEt Stage 2 (Wind Farms)

I & - 11 (Posaitie)

2 $ 7

- RE] I 4 (Most Unlikely)

. ; ;

15 - 16 Technical constraints

Bl 17 - 20 (Sensilive)

(Most Favourable)

Issues: technical and policy conflicts; evaluation approaches site and technology dependent; often
used as a supportive strategy for development.




ortunity mapping — urban scale

- Possible and favourable
Possible and likely
Possible and unlikely
Intermediate and favourable
Intermediate and likely
Intermediate and unlikely
Sensitive and favourable
Sensitive and likely
Sensitive and unlikely

Shaowstopper

Issues: derelict and vacant land use, LV network access, technical/policy
constraints rating/weighting.




atching supply to demand

demand supply

Match and Dispatch scenario scenarios
File Tools Help

; hatch Results
230.724 Demand 1 Supply 1
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Demand management/response
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Camana MW

-\ﬂ_j Strategic Conservation

Load / ™
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\B) Strategic Load Growth

/

CE:‘ Load Shifting

Issues: active network control; user needs
and expectations; who benefits;
unintentional impacts; tariff complexity;
understanding building physics.

() Flexible Load Shape ™
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Probability of performing activity
o o o
W - N

e
b

o
-

i [l Other (0.9/0.9)

[ Other leisure (2.3/2.4)

Il Conversation/Entertain friends (2.0/2.2

[ Relax (1.1/1.1)

[Read (3.2/3.4)

[ study. homework (0.5/0.6)

[ Watch television or video (8.6/8.7)
Bl Listen to music (0.4/0.5)
-Dauces or parties (0.2/0.4)

[l Religious/Civic activities (0.5/0.5)
[ISleep (33.7/32.8)

[ Meals and snacks (15.5/14.7)
|:|Dress-persoual care (8.9/9.1)

[ Childcare (2.4/2.6)

[ Gardening (1.0/1.0)

[l 0dd jobs (1.6/1.7)

Il Housework (7.4/7.6)

[ cook, wash up (9.2/9.0)

[ IPaid work (0.7/0.7)

12 pm
Time of day

Source: Darren Robinson, 2012




Behaviour follows description.

Databases

climate materials components profiles past ||m|\\'1\| Weather
data

Project Manager =
Support Simulator

design & typieal
conditions
severity

fluid/power
flow
control

Eguipment

peak Ioads

Performance assessment and reporting

results analysis IPV standard reports

No light shelf  As-built Conventional

sensor response actuator

location ideal location

varisble PID variable

characteristics heuristic characteristic
fuzzy

ffort

glare - signal .l[‘[‘h\?d 1o
sources — problem variable(s)
e q
L or used to effect
simulation "
i | i changes to the
overcast sky intermediate sky  clear sky L i problem data

12 23 34 45 56 67 78 83 100 1M
Time (minutes)

@ internal/ external pressure nodes
—— possible air flow paths

increasing e

bedroom

north

Combustcn,
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- architecture
¢ local PV
Ppower
public ¢ utilisation

electricity

Y 1 supply i
'ﬁ' - \ thermal bridge
edl,

ise to potential
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4 - 1 | ! 4 i impact reduction|
T power . for condensation 3 i j | 5 i} policy P
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Simulation-assisted building design

Version 1 Version 2 Version 3

Capacities Thermal Comfort Visual Comfort

1-1800

-— Summer
Transitional
—— Winter

Guth Index, person seated
with window on left. 05

- i 1
Lighting Heating 7 9 1 13 I5 Di
Hour (during occupancy)

T e—a
5 2.5 3:5 4.5
stance to Facade (m)

Daylight Factor (%)

Life Cyc]e Asse&.sment — i ) )
Non Renewable Energy Global Warming Potential Photo. Ozone Potential Acidification Potential Acoustic Comfort

(MJ/m~ y) (kg COz(eq)/‘m-—.y) kg Ethylene(eq)/m?2 (kg SO2(eq ym?2.y)

800 50 -¥) .25

Reverberation Time (s)

| 0.08 el 1 |
\
‘ 0.20 | . |
. 0.06 = 7 S|

: : 0.15 _

_ L 0.04 ; A

| 0.10 Boel |/ 11111 11]] ‘
| 0.02 0.05 : —— Meeting room
U5 v ——— Single office
' 0.00 0.00 i

250 400 1000 2500

. 0 =
UCPTE UCPTE CH UCPTE CH UCPTE Frequency (Hz)

® Construction 0 Utilisation Deconstruction ® Heating Lighting ® Equipment
Energy Demand

(W/m?2) Typical Winter Day Typical Spring Day Typical Summer Day Annual

Heating Lighting Hquipmcnl‘

|Hea%ing Lighting Equipmeml Heating 270.0 MJ/mz-y
mEEEE ‘ ‘ Equipment Lighting Lighting 9.7 MJ/m2-y
Equipment 30.1 MJ/m2-y
Total 310.1 MJ/m2.y

13 S 13 s
Hour Hour Hour

Issues: validation; accreditation; standard performance assessment methods; education &
training.
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Internal lighting




External lighting




Air flow and emissions

- 9 .33a-+01
& Ode+0
2.75a+01
— 5. 450400
—3.84a+01 =
—7.13a+01 ’
—1.04a402
—1.37a+02
—1.70a+02
—2.03a+02

I — 2. %5a+02

agnitude (m/s) Dec 1 : Walocity Wactors Colorad By Static Prassura (pascal) Jun 28, 2001
FLUENT B.1 (3d, segregated, ske] FLUENT 5.5 (2, sagragated, ka)




IAQ & comfort




Thu 14/ Aug to Wed 20/Aug
Output Analysis Help

South-west room daylight distribution
Base case

s000— 26—

Termperature (C)

T T
Sun Mon

Date: Thu 14/Aug to Wed 20/Aug

Solar gains: ZN20000D (me del.aps) —— Cooling load: ZN200000 (model.aps) — Heating load: ZN200000 (model.aps)

~—— Comfort temperature: ZNZ0OO000 (model.aps) = Air tempeature: ZN200000 {model aps)

Daylight

)

Luminaires

Working plane illum inance (lux)

12 23 34 4% S6 &7 78 89 W0 M
Time (minutes)

June 06 09.00




Integrating renewables

Electric Girsuit

H* H+
Polymer

Electrolyte
Membrane

small rotational
. power loads
lights

cavity venlil
heat recovery

heat

power
fuel cell
or CHP plant

hybrid PV facade




Non-building applications




Integrated systems thinking

Issues: computational approach to design; distinction between tools for compliance and prediction;
applicability of the check-list approach.




