Refshaleøen in the Danish energy landscape

100% renewable by 2050

Denmark is the only country in the E.U. that produces more energy than it consumes. This is due to the presence and operation of fossil fuels (oil and gas) but also to the implementation of a proactive policy on renewable energy (especially wind and biomass).

In 2012:

· 3.4toe are produced per capita (against 1.6toe/capita in E.U.)

· Including 2.8toe/capita from fossil (against 0.7toe/capita in E.U.)

· And 0.6toe/capita/year renewable (against 0.4toe/capita/year in E.U.)

We can note the absence of nuclear energy from the Danish mix (against 0.5toe /capita/year in E.U.)

We can also note the initiative COPENHAGUE 2025/Carbon neutral.

Potential power generation site

Primary energy state on the site Refshaleøen:

· Solar Source:

· Average daily solar irradiance in Copenhagen:125W/sqm (max June:255W/sqm ; January min:20W/sqm)

· Wind Source:

· Annual average wind speed at 40m above sea level in Copenhagen:7m/s

In the state of the art, hydro-electricity, wave energy, tidal and geothermal energy have a very low potential on the site.

Scenarios for solar operation

· Hypothesis#: bio fuel crop

Today best possible yield of around 5% (micro algae):

(37000sqm*125W)*0.05=230kilowatts

· Hypothesis#2: solar

Today best possible yield of about 40 %

(37000sqm*125 W)*0.40=1850kilowatts

· Hypothesis#3: photovoltaic cells:

Today best possible yield of 43% (multi-layers cells):

(37000sqm*125W)*0.43=1990kilowatts

· Hypothesis#4: thermodynamics Hub:

Today best possible yield of 31%

(37000Wsqm*125W)*0.31=1430kilowatts

Wind power

· Assumption#5: Installation of a single wind turbine

3MW rated power: Expected return: 35%

3000*0.35=1050kilowatts

It seems that Refshaleøen site has a limited potential of renewable energy production. In the particular context of Denmark - ahead in terms of energy policy - the project symbolic significance seems to depend on a certain level of efficiency.

Smart grid local / global stake 

The development of the electricity consumption of households and the tertiary sector and the stagnation of the industrial sector in Europe increases the time variability of the power consumption.

Traditionally, western European countries faced these variations declining two categories of energy source:

· Basic sources: cheap but with a slow response (ex: nuclear)

· High level sources with a fast response but generally more expensive (ex: fossil type)

The development of renewable energies leads to connection to the network many intermittent generators whose production period does not correspond to schedules energy consumer demands.

This leads to a fundamental change in the previous diagram:

· Intermittent Source: renewable (wind, solar...)

· Source adjustment: with specifications close to high level sources but requires constant adjustments of greater amplitude.

It is known that the stability of the network becomes problematic when the proportion of intermittent renewable electricity exceeds 15-20%.

In Denmark the integration of a high proportion of wind power is possible thanks to the ability of control provided by the tanks of Norwegian and Swedish hydropower.

It happens that the share of wind in electricity production exceeds 100%, especially at night, when consumption is at its minimum, if the wind blows hard. At these moments, Denmark exports its surplus wind power to Norway and Sweden, which then halt the production of certain hydroelectric and store water in their tanks to churn it when the wind dies down.

There is thus a strong complementarity between wind and water, which will be increasingly sought; ultimately increasing the share of intermittent sources encourages considering additional means of regulation.

Storage of electricity on a large scale seems particularly appropriate. It would absorb a part of wind power variations and leveling consumption peaks. 

Following advantages can be considered:

· Waste due to overproduction of renewable energy can be avoided,

· The use and the required maximum capacity of energy supply (dominated by fossil fuels) can be reduced,

· The entire system is more stable by the mitigation peaks effect.

Storage datasheet

Offer request-stocking storage

“SEPT” process (patented) is an electricity-stocking device on a large scale developed through SETHER project.

The general operation of SEPT method is based on the use of an inert gas as a transfer medium (Argon) in a Brayton thermodynamic cycle.

The principle is based on compression and expansion of a gas circulating in a closed cycle through boundaries - which constitute the energy storage - with different temperature levels. The process is thus composed of two margins with high and low temperature interconnected by turbomachines. Well thermally insulated, these envelopes contain a bed of porous refractory materials, which allows the circulation of gases.

The advantage of the SEPT method is to achieve efficiencies, capacities and power similar to gravitational hydraulic systems or compressed air without geographical or geological constraints without particular environmental risks.

Components: 

· two heat regenerators (high and low temperature) formed by refractory material ensuring the physical support of the stored energy, 

· two heat exchangers, (cold heat and hot heat exchanger) 

· four turbomachinery: a pair compressor/turbine for storage and one for the retrieval.

Storage cycle: "Heat pump"

During the storage phase, a heat pump composed of a coupled compressor / turbine driven by the electric network is activated. The gas at a temperature of 380°C in the upper part of the low temperature chamber is compressed and pumped.

Thus heated to 780°C, it is transferred to the upper part of high temperature enclosure.

Meanwhile, the gas temperature in the high temperature enclosure is expanded in the turbine. Thus cooled to -74°C, it is transferred to the lower portion of chamber low temperature.

There is a cooling from the bottom to the top of the low temperature enclosure and a heating from the top to the bottom of the high temperature enclosure.

Clearance cycle: "Heat engine"

During the releasing phase, the plant operates as a heat engine: the thermal energy is converted into mechanical energy using a coupled turbine / compressor allowing the use of a generator and the supply of electricity over the network. The hot gas at 780°C is expanded in a turbine. Thus cooled to 380°C, it is transferred to the top of the low temperature chamber bed. Meanwhile, the cold gas of the low temperature vessel is compressed. Once warmed to room temperature it is transferred into the lower part of the high temperature enclosure.

The performance of this storage method is limited by various sources of irreversibilities, mainly due to turbomachines imperfections during compression and relaxation, but also the heat transfer and pressure loss in the regenerators too.

At first, the implementation and the study of a demonstrator at a semi- industrial scale should help to refine and adapt the device components.

	Features
	Mini SEPT

(data from project SETHER)

	Electric capacity
	5MWh

	Power
	1MW

	Tank size
	Diameter 1m Height=5m


In parallel to the research, the demonstrator can supply a small public public equipment. 

We offer an outdoor pool, which allows swimming in summer and ice skating rink in the winter. 

This project can be a development lever of urban mutations.

	Month
	JAN
	FEB
	MAR
	APR
	MAY
	JUN
	JUL
	AUG
	SEP
	OCT
	NOV
	DEC

	Average air temperature
	0,1
	-0,1
	2
	5,7
	10,9
	15,1
	16,4
	16,3
	13,2
	9,5
	5,1
	1,8

	Pool/rink temperature 
	-5
	-5
	-5
	
	18
	18
	18
	18
	18
	18
	
	-5

	Temperature gap
	-5
	-5
	-7
	
	+8
	+3
	+2
	+2
	+5
	+8
	
	-7


To conserve energy needs in line with the limited power of mini Sept, the pool is heated and open for swimming from May to October, closed from April to November, and transformed into a skating rink from December to March. 

In a second step, we can consider the implementation of an industrial scale plant.

Through a modelling the main characteristics of a “SEPT” storage were calculated:

	Features
	Maxi REGENERATOR

(from digital model)

	Electric capacity
	10GWh

	Power
	100MW

	Tank size
	Diameter 65m Height=45m


The expected yield is approximately 70%. The time of charge / discharge is can take from one hour to a day. The possible power can scope from 10 to 1000MW.

The primary purpose of the device is to clip peak demand and limite the extra use of thermal heat using fossil fuels. 

Cycles of transient storage / retrieval is needed before reaching the optimum operating regime (expected yield 70%). 

To improve system responsiveness in rush hours, we propose the establishment of a minimum running in peak hours. It can serve more a more ambitious equipment. 

Thereby, in addition to the swimming pool / skating rink we can add permanent baths, perched on a regenerator in belvedere on the city. 

Refshaleøen become a Copenhagen attraction. 

	
	1xSYSTEME “SEPT”
	1xOIL-FIRED GAS TURBINE UNIT (Kyndby power station)
	8xSYSTEME “SEPT”
	KYNDBY POWER STATION

	Power (MW)
	100
	63
	800
	734

	Annual electricity produced (MWh)
	0
	50275

(ratio)
	0
	585747

	Annual electricity

saved (MWh)
	70000
	0
	560 000
	0

	Annual CO2

emission impact 

(t)
	0
	19160

(ratio)
	0
	223233


With an output of 100MW, a SEPT doesn’t produce energy but limit fossil energy uses. 

In parallel with the further development of parks renewable generators, deploying 7 new regenerators - Copenhagen and other cities Green - can theoretically afford to replace the emergency and peak load facility of Kynsby (fossil fuel) in terms of capacity and responsiveness.

