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Centralized power system

Production Transmission Distribution

Sources: NYS 2100 COMMISSION
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Decentralized power system ©
Distributed Encrgy
Unility Mamaged Distnbuted Resoarce Management
Encrgy Resources Sensors and Meters
Sman End-Use

Photovoltaic

Baticry
Encrygy Storagpe
P ‘\
Consurmer Managod

Resources In Home Display with
Real Time Informaton

Plug-in Electne
Vehiches

- There is the need of a portfolio of practices aiming at reshaping the energy
consumtions patterns of the system (demand);

Sources: NYS 2100 COMMISSION 5
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— Direct Load Control (DLC)
= . .
c . Energy information
QEJ programs
o | Incentive-based Interruptible/Curtailable

Service (ICS
?uo Incentives to help ESCOs (IBDRP) (ICS)
g | reduce clients’ energy
d d
E g ] cman | Emergency Demand
Q a) Response (EDR)
E ~—| || DemandResponse(DR) | |
rograms
- prog
g Time-of-use (TOU)
£ || Rebates on energy-efficient
8 devices
Time-based rates or Price- . ..
— based (PBDRP) Real time pricing (RTP)
— Critical-peak pricing (CPP)

Sources: Masters, G. M., Renewable and Efficient Electric Power Systems, Second Edition, Wiley, 2013;
Faria, P., and Vale, Z. (2011). Demand response in electrical energy supply: An optimal real time pricing approach. Energy 36, 5374—5384.6
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Time of use — Demand response strategy

* |t consists of a predefined variation of electricity prices within the day and the week;

* |tintends to influence the end-users to shift their consumptions from peak hours to
off-peak hours.
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Research area: District heating and cooling systems with decentralized heat pumps

TES | TES | TES I
He | [N 'l HF I He |
I — | I
| T T
'L : Power grid ‘ : O_
----- I I Energy source
SGDHC network

Operating temperature 0+25°C
Research question:

- How a time of use - demand response strategy affects both the energy performance
and the energy bill of a 5GDHC substation for domestic hot water production?
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Numerical simulations in TRNSYS

e Building type: multi-family house (s-MFH) of 10 apartments;

1 » Space heating (SH) net demand: ~ 45 kWh/(m? year);

* Domestic Hot Water (DHW) demand: ~ 25 kWh/(m? year);

a » Heated surface: 50 m? per apartment;

* QOccupancy level: 2 people/apartment;

e Water-source heat pump (WSHP) capacity: ~ 25 kWin

* DHW TES capacity: 450 litres;

Energy source

 DHC energy source: ideal thermal source suppling heat at
the desired temperature set-point.

10
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Driving concept

* Drawback in DHW TES charging at a higher temperature: the HP coefficient of performance (COP)

drops and additional thermal losses (E¢p qqq. 10sses) OCCUr;

To achieve savings in the electricity bill, the following inequalities must be satisfied:

DR Peak hours =
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Time Of Use — Demand Response scenarios

e Reference scenario where the DHC network
supply temperature is constant at 10°C and no
demand response strategies are implemented;

* TOU1 scenario where the DHC network supply
temperature is constant at 10°C;

e TOU2 scenario where the DHC network supply
temperature is raised from 10° to 20°C when
the DR signal is activated;
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Energy assessments - yearly simulations

Comparison of the different scenarios

10 CYN

9

8

SCOPdhw [-] Eel peak hours Eel off-peak hours Eel used [MWHh] Eth used from DHC
[MWh] [MWHh] [MWHh]

mRef. “TOU1 mTOU2
14
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Economic assessments - yearly simulations
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lefe rent scenarios . Scenario TOU1B | Scenario TOU2A | Scenario TOU2B
Scenario TOU1A
Tdhc const. Tdhc const. Tdhc var. Tdhc var.
Unit (10°C) (10°C) (10+20°C) (10+20°C)
Cel off-peak /Cel peak [-] 0.87 0.77 0.87 0.77
Eel prices off-peak hours [EUR/kWHh] 0.15 0.15 0.15 0.15
Eel prices peak hours [EUR/kWh] 0.17 0.20 0.17 0.20
Cadhc=0.05 [Eur/kWh]
= 40
=
< 30
=
g 20
e
5 10
§ 0 . - m Th. Bill
10 m EL. bill
-20
-30
-40
TOU1A TOU1B TOU2A TOU2B
ATot costs [EUR] 5.7(+0.4%) -1.9(-0.1%) -23.2(-1.5%) -29.4(-1.9%) 15
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Economic assessments - yearly simulations
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lefe rent scenarios . Scenario TOU1B | Scenario TOU2A | Scenario TOU2B
Scenario TOU1A
Tdhc const. Tdhc const. Tdhc var. Tdhc var.
Unit (10°C) (10°C) (10+20°C) (10+20°C)
Cel off-peak /Cel peak [-] 0.87 0.77 0.87 0.77
Eel prices off-peak hours [EUR/kWHh] 0.15 0.15 0.15 0.15
Eel prices peak hours [EUR/kWh] 0.17 0.20 0.17 0.20
Cadhc= 0.10 [Eur/kWh]
= 40
=
> 30
e
g 20
£
5 10
S o . m Th. Bill
10 m EL. bill
-20
-30
-40
TOU1A ToulB TOU2A TouzB
ATot costs [EUR] -0.4(-0.02%) -7.9(-0.4%) -14.6(-0.7%) -20.8(-1%) 16
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1- Demand response programs in 5GDHC networks achieve economic savings
only under properly selected boundary conditions;

2- Saving between 1-2% can be achieved in the toral bill because the energy
input to the 5GDHC substation is shifted from the electrical to the thermal bill;

3- The strategy implemented allows for shifting of electricity consumptions from
peak to off-peak hours of about 20%;

4- Further research is needed to make evaluations under a real-time price
demand response scenario.

18
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Energy assessments - yearly simulations

Thermal energy used to cover the DHW demand

Themal energy [MWh]
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Scenario TOU1 Scenario TOU2
Tdhc const. Tdhc var.
Unit (10°C) (10+20°C)

SCOPphw ref. [—] 2.36 2.36
SCOPpnw TOU [-] 2.32 2.42
Qdhw,load ref. [MWh] 11.96 11.96
Qdhw,load TOU [MWh] 11.96 11.96
© Qdhw,in ref, [MWh] 16.20 16.20
2 Qdhw,in TOU [MWh] 16.21 16.21
= AQdhw,in [MWh] 0.01 0.01
L | Qloss ref. [MWh] 4.24 4.24
Qloss TOU [MWh] 4.25 4.25

AQIloss [MWh] 0.01 (+0.24%) 0.01 (+0.24%)
Qstored,DR ref. [MWh] 0.38 0.38
Qstored,DR TOU [MWh] 1.36 1.27

AQstored,DR [MWh] 0.98 (+258%0) 0.89 (+234%)
Eel,dhw peak hours ref. [MWh] 1.64 1.64
Eel,dhw peak hours TOU [MWh] 1.30 1.36

& | AEel,dhw peak hours TOU [MWh] -0.33 (-20%0) -0.28 (-17%)
> | Eel,dhw off-peak hours ref. [MWh] 5.25 5.25
Zg Eel,dhw off-peak hours TOU [MWh] 5.72 5.36

S AEel,dhw off-peak hours TOU [MWh] 0.46 (+8.7%) 0.11 (+2.1%)
w Tot Eel,dhw ref. [MWh] 6.89 6.89
Tot Eel,dhw TOU [MWh] 7.02 6.72

AEel,dhw [MWh] 0.13 (+1.8%) -0.17 (-3.2%)
O o Qdhc,dhw ref. [MWh] 9.53 9.53
E % | Qdhc TOU [MWh] 9.41 9.70

AQdhc [MWh] -0.12 (-1.3%) 0.17 (+1.8%)
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Scenario Scenario Scenario Scenario
TOU1LA TOU1B TOU2A TOU2B
Tdhc const. | Tdhc const. Tdhc var. Tdhc var.
Unit (10°C) (10°C) (10+20°C) (10+20°C)
Peak hour Eel Price increment [%] 15% 30% 15% 30%
Cel off-peak /Cel peak [-] 0.87 0.77 0.87 0.77
Eel prices off-peak hours [EUR/KWh] 0.15 0.15 0.15 0.15
Eel prices peak hours [EUR/KWh] 0.17 0.20 0.17 0.20
Tot Eel costs ref. [EUR] 1070.5 1107.3 1070.5 1107.3
Tot Eel costs TOU [EUR] 1082.2 1111.5 1038.7 1069.3
ATot Eel costs [EUR] 11.7(+1.1%) | 4.2(+0.4%) -31.8(-3%) | -38.0(-3.4%)
Total costs Qdhc ref. [EUR] 476.6 476.6 476.6 476.6
P <| Total costs Qdhc TOU [EUR] 470.5 470.5 485.2 485.2
ﬁ? E ATot Qdhc costs [EUR] -6.1(-1.3%) | -6.1(-1.3%) 8.6(+1.8%0) 8.6(+1.8%0)
C%; 031 Total costs ref. [EUR] 1547.0 1583.9 1547.0 1583.9
O W| Total costs TOU [EUR] 1552.7 1582.0 1523.8 1554.5
ATot costs [EUR] 5.7(+0.4%) | -1.9(-0.1%) | -23.2(-1.5%) | -29.4(-1.9%)
Total costs Qdhc [EUR] 953.1 953.1 953.1 953.1
S <| Total costs Qdhc TOU [EUR] 941.0 941.0 970.4 970.4
= E ATot Qdhc costs [EUR] -12.1(-1.3%) | -12.1(-1.3%) | 17.2(+1.8%) | 17.2(+1.8%)
g 031 Total costs ref. [EUR] 2023.6 2060.4 2023.6 2060.4
O W| Total costs TOU [EUR] 2023.2 2052.5 2009.0 2039.6
ATot costs [EUR] -0.4(-0.02%) | -7.9(-0.4%) | -14.6(-0.7%) | -20.8(-1%0)




