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A< ambience

The "ABEPeM” platform

“Making the value of demand response tangible for ESCO’s”

Presented at FLEXCON online webinar, 28 Ocotober 2020.

Jef Verbeeck
Energy Technology Researcher — algorithms, modelling & optimization
VITO / EnergyVille
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What is ABEPeM ? Qs ambience

multiple
stakeholders

@nbienceilding@ergy@rlmy@odelling platform

multiple \\ | /
renovations ABEPEM

Calculate and guarantee operational cost savings

multiple and performance KPIs
DR control

strategies
Calculate the financial viability of the renovation

multiple
DR cash flows

Update performance guarantees during
operational phase



® multiple Mull:iple stakeholders ds ambience

®)
D328 stakeholders

* tenant

* building owner — tennant
* building owner — landlord
* real estate corporation

* financial institutions

e 3" party investors




Multiple renovations az ambience

In principle very generic approach (not limited to
buildings), but focus on:

insulation

electrification of heating system
electrification of domestic hot tap water
local (renewable) energy production
energy storage

electric vehicle charging



Multiple DR control strategies as ambience

» Standard control strategies (PI, ON/OFF)
* Smart control with multiple objectives

* minimize energy consumption

* maximize self consumption

* minimize cost

* minimize emissions



Multiple DR cash flows Qs ambience

In principle support for direct and indirect
demand response schemes, but focused in indirect
demand response:

 fixed or TOU electricity prices

* dynamic electricity prices

e different price for grid and renewable energy
* net metering

* injection tariff

* peak prices

 capacity tariff



Poll Qs ambience

What type of demand response is most suitable for buildings in
your opinion?

« Direct demand response

* Indirect demand response
« Both

 No opinion

28/10/20 9
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ABEPeM during the contracting phase

Step 1: collect building historical data

Configuration
sub-tool

Historical data Flex model creation

* weather SUb-tOO/

* energy consumption
* price info

Scenario creation
sub-tool

28/10/20

Energy Cost Cash Flow
Estimation sub-tool

Financial / Economic
calculation sub-tool

A< ambience
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ABEPeM during the contracting phase

Step 2: create baseline and reference configuration

Historical data
e weather

* energy consumption
* price info

Configuration
sub-tool

Flex model creation
sub-tool

Scenario creation
sub-tool

28/10/20

Energy Cost Cash Flow
Estimation sub-tool

Financial / Economic
calculation sub-tool

A< ambience
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ABEPeM during the contracting phase

Step 3: create baseline and reference building models

Historical data
e weather

* energy consumption
* price info

Configuration
sub-tool

* baseline config
* reference config

Flex model creation
sub-tool

Scenario creation
sub-tool

28/10/20

Energy Cost Cash Flow
Estimation sub-tool

Financial / Economic
calculation sub-tool

A< ambience
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ABEPeM during the contracting phase Qz ambience

Step 4: calculate investment cost

Configuration
sub-tool

* baseline config

* reference config
Energy Cost Cash Flow Financial / Economic

Estimation sub-tool calculation sub-tool

Historical data Flex model creation
» weather sub-tool

* energy consumption * baseline building model
* price info * reference building model

Scenario creation
sub-tool

28/10/20



ABEPeM during the contracting phase Qz ambience

Step 5: calculate baseline operational cost

Historical data

* weather

* energy consumption
* price info

Configuration
sub-tool

* baseline config
* reference config

Energy Cost Cash Flow Financial / Economic

Estimation sub-tool calculation sub-tool
Investment cost
Flex model creation

sub-tool

* baseline building model
* reference building model

Baseline KPI report
* Energy consumption

* CO2 emissions
Scenario creation LI

sub-tool

* cold winter scenario
* warm winter scenario

28/10/20 15



Historical data
e weather

* energy consumption

* price info

ABEPeM during the contracting phase

Step 6: calculate reference operational cost

Configuration
sub-tool

* baseline config
* reference config

Energy Cost Cash Flow

calculation sub-tool
Investment cost

Estimation sub-tool
* Baseline operational cost
Flex model creation

sub-tool

* baseline building model
* reference building model

Baseline KPI report

Scenario creation
sub-tool

Financial / Economic

A< ambience

Baseline operational cost

* cold winter scenario
* warm winter scenario

* Energy consumption
* CO? emissions
28/10/20 LI

Reference KPI report

) 16




ABEPeM during the contracting phase a

ambience

0\

Step 7: generate investment report

* baseline config
* reference config

* Baseline operational cost Investment cost
* Reference operational cost Baseline operational cost
- Reference operational cost

e weather

* energy consumption * baseline building model
* price info * reference building model

* Energy consumption
* CO2 emissions

* cold winter scenario
* warm winter scenario

* Energy consumption
* CO2 emissions
28/10/20 L




ABEPeM during the performance phase Qz ambience

Configuration
sub-tool

* baseline config
* reference config

Energy Cost Cash Flow Financial / Economic

Estimation sub-tool calculation sub-tool
* Baseline operational cost Investment cost
* Reference operational cost Baseline operational cost

- Reference operational cost

Flex model creation
sub-tool

* baseline building model
* reference building model

Scenario creation IPMVP report Guarantee assessment Operational data

sub-tool * corrected KPI. e
» cold winter scenario * corrected savings

* warm winter scenario
... )

28/10/20
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Multiple commodity collector concept

electricity collector
hot water collector

gas collector

cold water collector

A< ambience
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Commodity consuming devices

uncontrollable load

él 500

electricity collector

gas collector

hot water collector

A< ambience

—

hot tapwater

4

cold water collector

space heating
space cooling

21



Commodity producing devices

A< ambience

PV panels

1 ////
aly / / / /4

uncontrollable load

QMO I

electricity collector
hot water collector

gas collector

—_—

hot tapwater

4

cold water collector

space heating
space cooling

22



Commodity converting devices Qs ambience

space heating

hot tapwater space cooling

=4

PV panels

1 ////

—_
boil air conditioning
gas boiler —
= —_—
R *

- S
B o =
s LS] -
o @ =
5 . S S
O o) “ .
> uncontrollable load | "C; e (]
= Q Q +—
o | = =~ o
‘= @ 000 o > =
o (@)
8 w0 +— e
L2 © ©) @)
()] o]0] < (@]



Commodity storage devices

A< ambience

CHP

PV panels

iy

space heating

-

space cooling

hot tapwater

&

battery

uncontrollable load

él 500

electricity collector

gas collector

(0o] —
Ub Itll air conditioning
gas boiler [ |
=) —
Q0 *

buffer

hot water collector
cold water collector

24



electricity grid

Commodity exchange with the outside

gas connection

external

internal

district heating

space heating

PV panels

1 ////

space cooling

> hot tapwater

-$

gas boiler

air conditioning

ector

battery

y coll

uncontrollable load

QMO I

electricit

gas collector

|S——}

& *

l

buffer

hot water collector
cold water collector

A< ambience
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Operational cost coupling to commodity Flows Az ambience

Q le el €

internal

electricity grid
district heating

™
—
-

gas connection

space heating

space cooling

hot tapwater

&

gas boiler air conditioning
i

|S——}

& *

l

ector

+ -
battery |
uncontrollable load

Q 500

buffer

y coll

electricit

gas co;ector

hot water collector
cold water collector



Building + infrastructure simulation model qaz ambience

non-controllable
inputs

outside temperature —————>

solar radiation
uncontrollable load
hot tap water demand

building + infrastructure model

outputs

 ———
 ———

1 /[ /] 4
1/ /// 4

»
>

LIE.‘

& *
-

—— temperature inside the building
— battery state of charge
— buffer state of charge
— electricity production CHP

» eoe

— electricity consumption, production, offtake and injection

(=3
(=3
(=3

g

> gas offtake
— heat consumption, production, offtake and injection

commodity €

usage

27



Model reuse in the Ambience approach Qz ambience

non-controllable
—>

inputs

controllable
—

inputs

model
1 //// 4
3
commodity
—— usage

Contracting phase:
Energy Cost Cash Flow Estimation sub-tool

Operational phase:
Model used for the “model predictive control”

Measurement & monitoring phase:
Guarantee Assessment sub-tool (IPMVP)

28



Calculation in simple SIMULATION mode

» weather
* energy consumption

non-controllable

model

setpoints
—_—

[
»

standard
controllers

inputs

controllable

inputs'

Y7777,
Y /7773 Q
<,

commodity €

usage

outputs ‘

=» Suitable for baseline calculations without smart control

A< ambience
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Calculation in OPTIMIZATION mode Qs ambience

model

non-controllable - ””’ commodity €
* weather _ inputs’ '/ /] /4 usage
* energy consumption

controllable
inputs' @
outputs

=» Suitable for calculation of the upper bound of the value with smart control

30



Calculation in MPC mode

non-controllable

A< ambience

digital twin model

* weather ¢
* energy consumption

forecasters

MPC controller

MPC model

inputs

controllable
inputs

y7777
¥ ////] Q
<,

comnwdhy€

=

usage

state

Y777/
/7771 ﬂ
5 |

=

outputs

estimation

= Getting the value of flexibility as realistic as possible with smart control



Flex model creation for building models
The preferred scenario

* weather
* internal temperature sensor data
* heating system data

A< ambience

32



Flex model creation for building models Qz ambience
The alternative scenario

* Building plan
* Building stock information
* BIM (Building Information Model)

* Building plan
* Building stock information
* BIM (Building Information Model)

ventilation floor heating solar rad.

inner gains H&— radiators Hﬂi\ /Hﬂ

Ry Hoag | /He Ry
T4
) T. floor/rad

S .y . a i =
solar rad. HM V l

* weather
* internal temperature sensor data
* heating system data

33
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Simple example, simple control Qs ambience

production (29,61kwh) consumption (40,79kwh)

uncontrollable load

4 ””’ uncontrollable ::':: —
V717 T =) |5

»
>

electricity grid

space heating

:

T hot tap water boiler

— o>

heatpump

D=

PV panels

1/ ///

space heating

4 electric vehicle charging

At
%y

@ 000

electricity collectar
C
=25
(a)
S
S
&
=
(0]
o
a
hot water collector

offtake (30,62kwh)
injection (19,53kwh)
self consumption (10,08kwh)



Simple example, optimal control Qs ambience

production (29,61kwh) consumption (40,79kwh)

electricity grid

‘P \ uncontrollable load
uncontrollable <@ -
Vi L o
space heating
O—O SMART hot tap water boiler
space heating

heatpump
electric vehigiecharging

PV panels > O—O

1/ ///

\ 6'_000_'

electricity collectar
C
a
S
S
&
=
(0]
o
a
hot water collector

offtake (9,17kwh)
injection (0,0kwh) 26
self consumption (29,61kwh)



Example renovation family house Qz ambience
Case 1: before renovation (baseline)

e Electricity cost: 0,266 €/kWh
1€ e Gas cost: 0,0535 €/kWh

electricity grid
D
gas connection

(e  Heating and hot water with
— @9 — gas boiler
gas boter  Gas: 1.662 €/year

e Electricity: 960 €/year
* Total: 2.622 €/year
 CO, emission: 6.825kg/year

electricity collector
C
a
S
3
&
=2
(0]
o
a

(=2
(=2
(o2
gas collector
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Example renovation family house Qz ambience
Case 2: envelope renovation

e Electricity cost: 0,266 €/kWh
1€ e Gas cost: 0,0535 €/kWh

electricity grid
D
gas connection

(c * Heating and hot water with
gas boiler
— |9
o * @Gas: 635 €/year

e Electricity: 960 €/year
* Total: 1.595 €/year
e CO, emission: 2.987kg/year

electricity collector
C
a
S
3
&
=2
(0]
o
a

08
gas collector

=» Cost saving of 39%



Example renovation family house Qz ambience
Case 3: Electrification + PV (6kWp)

o Offtake: 0,266 €/kWh
e Injection: 0,089 €/kWh

electricity grid
ah
r—p-
D
gas connection

 Heating and hot water with
gas boiler

e Electricity: 1.150 €/year

e Total: 1.150 €/year

* CO, emission: 968 kg/year

* BiEl

electricity collector
C
a
S
3
&
=2
(0]
o
a

gas collector

=» Cost saving of 28%

39



Example renovation family house

A< ambience

Case 4: Active (smart) control on heating and buffer

electricity grid

electricity collector

6'_

o

—

<
h

uncontrollable load

00

0

hot water collector

o Offtake: 0,266 €/kWh
e Injection: 0,089 €/kWh

 Heating and hot water with
gas boiler

e Electricity: 933 €/year

* Total: 933 €/year

* CO, emission: 657 kg/year

=» Cost saving of 19%

40



Buffer dimensioning Family house

electricity grid

l

30°C hot water collector
¢ )

electricity collector

A< ambience

Offtake: 0,25 €/kWh
Injection: 0,05 €/kWh

a1
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Buffer dimensioning Family house
Case 1: without smart control

no buffer

Domestic hot water buffer size

A< ambience

no buffer

100l

200l

4001

consumption

7.439,53

consumption

7539,07

consumption

7591,07

consumption

injection

4038,77

injection

4123,69

injection

4145,44

injection

offtake

5305,11

offtake

5489,56

offtake

5563,31

offtake

consumption

7463,03

consumption

7562,57

consumption

7614,57

consumption

injection

4020,81

injection

4106,45

injection

4126,63

injection

offtake

5310,65

offtake

5495,82

offtake

5568

offtake

consumption

7472,53

consumption

7572,07

consumption

7624,07

consumption

injection

4016,86

injection

4101,74

injection

4122,92

injection

offtake

5316,2

offtake

5500,61

offtake

5573,79

offtake

consumption

7491,53

consumption

7591,07

consumption

7643,07

consumption

injection

4011,62

injection

4095,88

injection

4119,03

injection

offtake

5329,95

offtake

5513,75

offtake

5588,9

offtake
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no buffer

Buffer dimensioning Family house
Case 2: with smart control

Domestic hot water buffer size

no buffer

100l

200l

400I

consumption

7368,48

consumption

7407,48

consumption

7427,52

consumption

injection

3474,91

injection

3177,6

injection

3138,24

injection

offtake

4670,2

offtake

4411,88

offtake

4392,57

offtake

consumption

7381,06

consumption

7419,21

consumption

7438,31

consumption

injection

3409,11

injection

3128,53

injection

3092,49

injection

offtake

4616,97

offtake

1093,63

offtake

4357,6

offtake

consumption

7385,47

consumption

7422,3

consumption

7439,3

consumption

injection

3370,86

injection

3102,49

injection

3072,47

injection

offtake

4583,14

offtake

4351,6

offtake

4338,58

offtake

consumption

7376,29

consumption

7412,58

consumption

7429,55

consumption

injection

3350,87

injection

3094,84

injection

3069,22

injection

offtake

4553,96

offtake

4334,23

offtake

4325,57

offtake
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Status of the ABEPeM platform

Configuration sub-tool

Flex model creation sub-tool

Energy Cost Cash Flow estimation sub-tool
Financial / Economic calculation sub-tool
Scenario creation sub-tool

Guarantee assessment sub-tool

overall integration of sub-tools

A< ambience

O N
<§§ éfb
o & ¢
¥ (Jo(\('@ Qo@(Q
O
—0—
—o—
o——
O-
O

= Keep in mind ... we are developing a concept.

28/10/20
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ambience

(i)}

Test ABEPeM in pilot projects a

Portuguese pilot: Belgian pilot:

EDP Buildings




A< ambience

Questions?

Follow us:

in /company/ambience-project

y) /ambienceh2020
@ /channel/UC-MbFfbNviyNihM8eLFIwzQg

www.ambience-project.eu
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Become an AmMBIENCe
stakeholder on:

http://ambience-project.eu/
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http://ambience-project.eu/

