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General description
System configuration identification
	ID
	Name

	FOF
	FlexOffice/Factory


Short description of context
	[bookmark: _Hlk5901307]Context description

	One major challenge in today’s energy system is the ability store large amounts of electrical energy produced by renewable energy sources. In the electrical system, these storages are usually not available as electrical storages are expensive and limited in capacity. On the other hand, space heating and cooling of buildings takes a major share in today’s energy consumption. Hence, one possibility to tackle this difficulty is using overproduction of renewable energy sources to partially cover the energy demand in the thermal domain (space heating, domestic hot water and air conditioning).
Many small to mediums scale companies own office buildings and production plants. Furthermore, in case these plants and buildings are recently built they often provide an advanced thermal infrastructure which can be exploited to store electrical overproduction in thermal storages like the thermal inertia of the building itself and (economically cheap) hot water buffers. 
At KIT campus North such a combination of office building and industrial production plant is located. Physically, they are located at different places on campus. However, virtually they can be coupled in order to study the positive effect of smart thermal and electrical energy management for these buildings on the electrical and thermal (district heating) campus infrastructure. 
[image: ]
Figure 1: Office building (left) and industrial production plant (right).

	Key figures

	[bookmark: OLE_LINK8]District heating consumption [MWh/a]
Plant power consumption [kWh/week]
Battery state of charge [%]

	Key words

	Short-term electrical energy storage
Model predictive controller
Peak shaving


Climate
	Climate conditions

	The climate in Karlsruhe is characterized by equable climates with few extremes of temperature and ample precipitation in all months. The Köppen Climate Classification subtype for this climate is "Cfb". (Marine West Coast Climate).
Solar irradiation ranges between 1100 and 1150 kWh/m²

[image: ]
Figure 2: Solar radiation in Germany (Source: Maps of global radiation, Deutscher Wetterdienst)



	Files attached

	File ID
	Description
	Units

	FOF_Tavg.zip

	Average outside temperature at the location of the FlexOffice/Factory SC.
	[°C]

	FOF_SolarIrr.zip

	Average solar irradiation at the location of the FlexOffice/Factory SC.
	[kWh/m²]



Geographical features
	Geographical features

	Located at KIT Campus North.
[image: ]
Figure 3: Location of FOF in Germany


System breakdown (SBD)
	


Figure 4: system breakdown for the system configuration “FlexOffice/Factory”


Graphical representations of SC
Network diagrams (electric, hydraulic, etc.)
	[image: ]
Figure 5: representation of interfaces between elements of “FlexOffice/Factory”


Figure 6: schematic diagram of the thermal networks in “FlexOffice/Factory”

Figure 7: schematic diagram of the electrical networks in “FlexOffice/Factory”




Element connections
	Name
	ID
	Type of exchange
	Types of class connected
	Comment

	Heating supply
	Th_sup
	Thermal energy
	Thermal domain
Converter(elec->th)
Electrical domain


	Thermal energy to supply:
from the district heating to offices
from air conditioning to smart factory

	Electricity supply
	El_sup
	Electrical energy
	Electrical domain
Converter(elec->th)
	Electricity supply:
from the battery to smart factory
from the grid to electrical devices

	Heat conduction
	Th_cond
	Thermal energy
	Thermal domain
	heat conduction between concrete core activation and district heating



Elements description
Replicate the following table for every element in the SBD
	About

	ID in SBD
	SC FOF1

	Level in SBD
	1

	Class name
	TH_Domain

	Parent class
	-

	Contained in
	FOF

	Description
	This element represents the electricity domain.

	Number of elements in SC
	1

	Attributes

	Functionality
	An electric domain contains different supply and demand of the electricity.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF1.1

	Level in SBD
	2

	Class name
	TH_Source

	Parent class
	-

	Contained in
	TH_Domain

	Description
	This element represents the source of the thermal energy.

	Number of elements in SC
	1

	Attributes

	Functionality
	Provide thermal energy.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF1.1.1

	Level in SBD
	3

	Class name
	TH_DisHeat

	Parent class
	-

	Contained in
	TH_Source

	Description
	This element represents the district heating connection.

	Number of elements in SC
	1

	Attributes

	Functionality
	Provide thermal energy for space heating.

	Physical characteristics
	Maximum thermal power [W]

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-




	About

	ID in SBD
	SC FOF1.2

	Level in SBD
	2

	Class name
	TH_Storage

	Parent class
	-

	Contained in
	TH_Domain

	Description
	This element represents the electricity consumer.

	Number of elements in SC
	1

	Attributes

	Functionality
	Perform specific task and generate electricity demand.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF1.2.1

	Level in SBD
	3

	Class name
	TH_Tank

	Parent class
	TH_Storage

	Contained in
	-

	Description
	This class represents the hot water buffer as thermal storage.

	Number of elements in SC
	-

	Attributes

	Functionality
	Used for storing thermal energy without affecting user’s comfort.

	Physical characteristics
	Volume [m^3]
specific heat capacity of water [J/(kg x K)]

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	Tank

	Files attached
	Tank.zip



	About

	ID in SBD
	SC FOF1.2.2 

	Level in SBD
	3

	Class name
	TH_CCC

	Parent class
	TH_Storage

	Contained in
	-

	Description
	This class represents the concrete core activation in the building.

	Number of elements in SC
	-

	Attributes

	Functionality
	Stores thermal energy in the ceilings of offices and slowly dissipates this energy to the air temperature of the thermal zones.

	Physical characteristics
	Concrete volume [m^3]
specific heat capacities for concrete [J/(kg x K)]
thermal resistances to thermal zones (offices, stories depending on model granularity) [W/K],

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF1.2.3 

	Level in SBD
	3

	Class name
	TH_Zone

	Parent class
	TH_Storage

	Contained in
	-

	Description
	This class contains the thermal inertia of building components (e.g. one zone for the whole building, for one storey or single rooms depending on the model granularity).

	Number of elements in SC
	1

	Attributes

	Functionality
	Stores thermal energy.

	Physical characteristics
	Air volume [m^3], Concrete Volume [m^3], specific heat capacities for air and concrete [J/(kg x K)], thermal resistances to neighbouring zones [W/K], thermal resistance  to atmosphere [W/K], thermal resistance to ground [W/K]

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF1.3

	Level in SBD
	2

	Class name
	TH_Sink

	Parent class
	-

	Contained in
	TH_Domain

	Description
	This element represents the thermal Sink.

	Number of elements in SC
	1

	Attributes

	Functionality
	Receive the thermal energy.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF1.3.1 

	Level in SBD
	3

	Class name
	TH_Office

	Parent class
	-

	Contained in
	TH_Sink

	Description
	This class contains the thermal parameter of building components.    

	Number of elements in SC
	

	Attributes

	Functionality
	Receive the heat. The temperature in the office change accordingly.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	FlexOffice

	Files attached
	FlexOffice.zip



	About

	ID in SBD
	SC FOF2

	Level in SBD
	1

	Class name
	INT_Domain

	Parent class
	-

	Contained in
	FOF

	Description
	This element represents the electricity domain.

	Number of elements in SC
	1

	Attributes

	Functionality
	An electric domain contains different supply and demand of the electricity.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF2.1

	Level in SBD
	2

	Class name
	Convert_ET

	Parent class
	-

	Contained in
	INT_Domain

	Description
	This element represents the energy converter, which transfer electricity into heat.

	Number of elements in SC
	1

	Attributes

	Functionality
	A converter contains different energy conversion devices, which consume electricity and generate heat.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF2.1.1

	Level in SBD
	3

	Class name
	HP

	Parent class
	-

	Contained in
	Convert_ET

	Description
	This element represents the heat pump working with air and ground water.

	Number of elements in SC
	1

	Attributes

	Functionality
	The heat pump convert electricity to thermal energy from air temperature, ground temperature or ground water temperature.

	Physical characteristics
	Max. electrical power [W], 
max. thermal power [W], 
max. temperature [C], 
efficiency depending on heat reservoir temperature incl. periphery (pumps, ventilators, …)  [%]

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	HP

	Files attached
	HeatPump.zip



	About

	ID in SBD
	SC FOF2.1.2

	Level in SBD
	3

	Class name
	ElecDV

	Parent class
	-

	Contained in
	Convert_ET

	Description
	This element represents the electrical device used within the building including computers, production machines, lighting, ….

	Number of elements in SC
	1

	Attributes

	Functionality
	The electrical devices in the office generate heat during operation. (increases ambient temperatures in thermal zones)

	Physical characteristics
	Power [W], 

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	ElecDevice

	Files attached
	ElecDevice.zip



	About

	ID in SBD
	SC FOF2.1.3

	Level in SBD
	3

	Class name
	ElecAC

	Parent class
	-

	Contained in
	Convert_ET

	Description
	This element represents the air conditioning machine used within the building.

	Number of elements in SC
	1

	Attributes

	Functionality
	Air conditioner consume electricity and adjust the heat insid the building.

	Physical characteristics
	- 

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF3

	Level in SBD
	1

	Class name
	EL_Domain

	Parent class
	-

	Contained in
	FOF

	Description
	This element represents the electricity domain.

	Number of elements in SC
	1

	Attributes

	Functionality
	An electric domain contains different supply and demand of the electricity.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF3.1

	Level in SBD
	2

	Class name
	EL_Consumer

	Parent class
	-

	Contained in
	EL_Domain

	Description
	This element represents the electricity consumer.

	Number of elements in SC
	1

	Attributes

	Functionality
	Perform specific task and generate electricity demand.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF3.1.1

	Level in SBD
	3

	Class name
	SmartFac

	Parent class
	EL_Consumer

	Contained in
	-

	Description
	This element represents the machinery in the Smart factory.

	Number of elements in SC
	1

	Attributes

	Functionality
	Generate electricity demand of the factory.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	EL_Factory

	Files attached
	EL_Fac.zip



	About

	ID in SBD
	SC FOF3.1.2

	Level in SBD
	3

	Class name
	Office_app

	Parent class
	EL_Consumer

	Contained in
	-

	Description
	This element represents the electricity appliances in the Flex Office.

	Number of elements in SC
	1

	Attributes

	Functionality
	Generate electricity demand of the office.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	EL_Office

	Files attached
	EL_Off.zip




	About

	ID in SBD
	SC FOF3.2

	Level in SBD
	2

	Class name
	EL_Supply

	Parent class
	-

	Contained in
	EL_Domain

	Description
	This element represents the electricity supplier.

	Number of elements in SC
	1

	Attributes

	Functionality
	Supply the required energy for the electricity consumer.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	-

	Files attached
	-



	About

	ID in SBD
	SC FOF3.2.1

	Level in SBD
	3

	Class name
	BESS

	Parent class
	EL_Supply

	Contained in
	-

	Description
	This element represents the lithium ion battery.

	Number of elements in SC
	1

	Attributes

	Functionality
	Electrical Storage with Lithium ion Battery.

	Physical characteristics
	eff_ch (float) – Battery charging efficiency [-]
eff_dis (float) – Battery discharging efficiency [-]
Cap_batt (float) – Battery capacity [Ah]
U_nom (float) – Battery nominal voltage [V]
Pmax_ch (float) – Battery charging efficiency [W]
Pmax_dis (float) – Battery discharging efficiency [W]
Ri (float) – Battery internal resistance [Ohm]
Ci (float) – Battery internal capacitance [Ohm]

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	BatterySystem

	Files attached
	Battery.zip




	About

	ID in SBD
	SC FOF3.2.2

	Level in SBD
	3

	Class name
	PV_Gen

	Parent class
	EL_Supply

	Contained in
	-

	Description
	This element describes the photovoltaic generation.

	Number of elements in SC
	1

	Attributes

	Functionality
	Generate electricity with PV panel.

	Physical characteristics
	[bookmark: OLE_LINK3]eff_PV (float) – PV panel efficiency [-]
A_PV (float) – PV panel area
PR_PV (float) – PV performance ratio, coefficient for losses.

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	-

	ID in simulation
	PV

	Files attached
	PV.zip



	About

	ID in SBD
	SC FOF3.2.3

	Level in SBD
	3

	Class name
	Grid

	Parent class
	EL_Supply

	Contained in
	-

	Description
	This element is used to represent the external electrical grid.

	Number of elements in SC
	1

	Attributes

	Functionality
	Provides electrical energy for the building.

	Physical characteristics
	-

	Surroundings
	-

	Quality
	-

	Support
	-

	Operation type
	-

	Economical features
	-

	Legal constraints
	-

	Instances characterization

	Interfaces
	Local electrical wiring

	ID in simulation
	Grid

	Files attached
	-


[bookmark: _GoBack]
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