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1 Introduction 
 
This Implementation outline plan gives an overview about how the Night Wind project 
and its’ outcome will be disseminated throughout Europe, and how the Night Wind 
concept will be implemented in individual cold stores. The Consortium members had 
several tools and various canals to spread information already in place at the outset of 
the project. Further communication-tools have been developed in the course of the 
project. 
 
According to the project plan dissemination fulfils an important role in the project. Most 
of the dissemination has been planned for the last year of the project, to provide specific 
information about the Night Wind concept based on practical experience.  
 
This implementation outline plan covers three main items: 
 

- Description of stakeholders 
- Dissemination of Night Wind knowledge 
- Implementation 
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2 Description of stakeholders 
 
 
Total wind power installed in the EU (27 countries) at the end of 2006 is 48.062 MW 
(source: EWEA). The total wind energy production in the EU 27 reached 81960 GWh in 
2006 (Eurostat).  
 
The total cold store capacity in 14 EU countries equals 63 million m3 (source IARW 
2008), 
 
The economics for wind energy storage are directly related to price fluctuations on the 
free energy markets, such as the APX (Amsterdam Power Exchange). Prices range 
anywhere from 0,01 €/MWh to 900 €/MWh. 
Wind energy production costs currently are in the order of 60 €/MWh.  
 

 
APX price evolution for one week 
 
When the wind energy producer has no storage possibilities, he must sell at the current 
price, which on average will be close to the production costs (60 €/MWh). On local grids 
with a high percentage of wind power, the price may even fall due to a consistent 
surplus in supply at high wind velocities. 
 

 
APX electricity price distribution 
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But when energy storage is available, and it becomes possible to sell only at selected 
hours, a better price can be reached. When the yearly production is sold during the 50% 
best priced hours, the average price received is € 83/MWh1. When selling during the 
25% best priced hours, the average price received becomes € 106/MWh. 
  
 
For wind turbine operators who receive a (constant) Feed in Tariff, there is no 
advantage in storing wind energy. The energy distribution company, to whom the 
energy is supplied however may benefit from differences in prices by using (large scale) 
energy storage. 
 

 
Daily energy production variations for two turbines 
 
The energy production of a wind turbine varies daily, as shown in the figure above. The 
daily production is on average 20% of the installed capacity.  
 
To store one night’s production of wind energy, a capacity is needed half the size of the 
daily production, equaling 10% of the installed wind power capacity.  
 
Total wind power installed in the EU (27 countries) at the end of 2006 is 48.062 MW 
(source: EWEA). The total wind energy production in the EU 27 reached 81960 GWh in 
2006 (Eurostat).  
 
 
The total cold store capacity in 14 EU countries equals 63 million m3 (source IARW 
2008), of which 12,6 million m3 are located in The Netherlands. The figure on the left 
shows the size distribution of cold stores in the Netherlands, showing many small cold 
stores and some very large cold stores. Small cold stores have high values for energy 
consumption per m3 and installed power per m3 compared to large cold stores.  

                                                 
1 Price levels according to APX 2006 
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Size distribution of cold stores in the Netherlands 
 
 
 
Based on an analysis of installed power and energy 
consumption for the Dutch cold stores, an estimate 
has been made for the situation in the EU (27 
countries). 
 
The total capacity of cold stores in the EU (27 
countries) is estimated at 4.300 MW (installed 
electrical maximum capacity), which indeed roughly 
equals 10% of the installed wind power capacity. 
Alike the situation with Windmills, the stated capacity 
of a cold store is the maximum capacity, and not the 
capacity in normal operation. On average in 
operation, the capacity is at 60-70 % of maximum 
capacity.  
 
 
 
 
 
 
 
 
When the cold store operates above average capacity, the temperature in the cold store 
drops and the products are cooled down. In other words, the additional energy supplied 
to the cold store is transformed into thermal energy (lower product temperatures). The 
“battery” is being charged. 
 

Cold Stores 
2008 

Million 
m3 

Austria 0,8 
Belgium 2 
Denmark 1,9 
Finland 1,8 
France 8,5 
Germany 13,4 
Great Britain 5,6 

Greece 0,9 
Ireland 1,7 
Italy 3,5 
Netherlands 12,6 
Portugal 0,8 
Spain 8,2 

Sweden 0,9 
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When the cold store operates below average capacity, the temperature of the products 
rises. The thermal “battery” is discharged. There is no “real” electricity produced in this 
discharging process. More precisely, the electricity that would have been required to 
keep the cold store at constant temperature is now available for other purposes, and is 
thus virtually produced. 
 
The process of charging and discharging the cold store “battery” is almost free of 
losses. The comparison concerns the energy efficiency when running of the 
refrigeration machine for half an hour at -16 ºC plus half an hour at –20 ºC, versus 
running for one hour at -18 ºC. This difference in efficiency is less than 1 %, and thus 
the overall efficiency is above 99 %. 
For comparison, storing energy in a water reservoir by first pumping it up at an 
efficiency of 75% and then letting it flow out through a turbine at an efficiency of 40% 
has an overall efficiency of only 30 %. 
Last but not least, there are no investment costs for the cold store “battery”: existing 
cold stores can be used. The only investment is for a change in the software of the 
refrigeration control system, by now using the Night Wind Control System software 
(NWCS). 
 
The advantages of running the Night Wind Control Concept for cold stores, depends on 
the installed capacity versus the average capacity in operation. This directly translates 
to the number of “full capacity” hours per day. With less hours of full capacity, the 
freedom of choice to load the cold store only at hours of excess energy (and low cost) is 
larger, and the savings to be reached are higher. 
 
 

 
Average energy costs with capacity control based on cost optimization (NWCS) versus 
the same cold stores using night tariff preferentially. In the figure, red lines indicate a 
cold store with only 3 full load hours per day, and the Partner Logistics cold store with 
almost 15 full load hours per day. 
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3 Night Wind Dissemination 
 
The Objectives for the dissemination are: 
 

1. Make sure the NIGHT WIND project is known throughout the “entire” cold-chain, 
and in the Renewable energy sector 

2. Provide the market with sufficient information, to stimulate Cold Stores to 
consider implementing the Night Wind Control System (NWCS). 

 
The consortium has made use of a number of different tools which to provide the market 
with “MINIREF-information”: 
 

1. Websites 
2. Articles in magazines 
3. Workshops / Congresses 

 

3.1 Websites 
 

 
 
For the NIGHT WIND project the website www.nightwind.eu has been created which is 
used to disseminate up to date information on the projects’ progress. This website is 
openly accessible for the general public. 
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The IAG member in NIGHT WIND (NEKOVRI) represent a considerable number of 
target group companies. NEKOVRI therefore has undertaken to present MINIREF on 
their own websites, in the “member” part of their website. The European association 
ECSLA, of which NEKOVRI is a member, has placed a link to the Night Wind on their 
website. 
 
 

 
Link to Night Wind on the ECSLA website 
 
 
 
Individual consortium members use their own websites to provide information to the 
market (eg. Install a separate Night Wind part on their websites) or have a link to the 
general Night Wind website in place. The figure on the next page shows a page of the 
TNO website, which shows the case of the Night Wind project. 
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Night Wind on the TNO website 
 
 
For the members of the Night Wind project, a special website has been constructed to 
enable the exchange of documents between members. On this website, each of the 
Night Wind participants can upload his or her own documents, which then become 
readable and downloadable to all other members.  
 
 
 

3.2 Articles in magazines 
 
The Night Wind project has greatly profited from a publication of the project outline in 
the EU database, which was noticed by an editor from the “nature’ magazine, and then 
resulted in an article in the “Nature” on line edition. 
 
Once the article in “nature” had appeared in February 2007, many publications followed 
in other magazines that had noticed the nature article and made their own follow-up. In 
a number of cases these publications were made without the cooperation of the Night 
Wind participants, ut in many other cases the Night Wind participants – and especially 
coordinator TNO – were asked for input for these articles. 
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Article on Night Wind in Nature, February 2007.  
 
 
 

Follow up y an Austrian website, February 2007 
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Follow up by Novini Dir, Bulgaria, February 2007 
 
 
List of Night Wind publications 
 
[01] Public start document (D.1.1.b) 

S.M. van der Sluis 
www.nightwind.eu 

 
[02] Public start document .  
 S.M. van der Sluis.  

IKK 2006, Mezzezentrum Nürnberg (D), 18 - 20 October 2006. 
 
[03] Windenergie opslaan in koel- en vrieshuizen (Storing wind energy in Coldstores) 
 Ir. Sietze M. van der Sluis 
 Verwarming en Ventilatie VV+, september 2006, p. 580 – 583 
 
[04] Fridges could save power for a rainy day – turning off cold storage could buffer the 

electricity grid. 
 Declan Butler 
 News@Nature.com, Published online: 7 February 2007; | doi:10.1038/news070205-9 
 
[05] Radio interview. Actueel:bevroren friet als accu (topical: frozen fries as battery) 

Pieter van der Wiele & Sietze van der Sluis 
Dutch Radio 5, TELEAC – Hoe?Zo! Radio, 8 february 2007  
http://www.teleac.nl/radio/index.jsp?nr=134903&news_nr=1189791 
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[06] Kühlhäuser als Stromspeicher für Windkraft. EU-Projekt "Nightwind" zeigt neue 

Möglichkeiten auf (Coldstores as batteries for Wind energy – EU project „Night Wind 
shows new possibilities). 

 Wolfgang Weitlaner 
 Pressetext Austria, 8 february 2007 

http://www.pressetext.at/pte.mc?pte=070208031 
 

[07]  
 Membrana (Russia), 16 february 2007 
 http://www.membrana.ru/lenta/?6970 
 
[08]  

Novini Dir Bulgaria, 18 february 2007 
http://novini.dir.bg/2007/02/18/news1352652c.html 
 

[09]  
Bg news room Bulgaria, 18 february 2007 
http://bgnewsroom.com 
 

[10]  
 
Bg factor, Bulgaria, 19 february 2007 
http://www.bgfactor.org/article_print.php?id=10120 21- 
 

[11] 

Big.bg, Bulgaria, 19 february 2007 
http://big.bg/article.php?storyid=18990 
 

[12]  
 
TRUD, Bulgaria (Daily Newspaper). 19 february 2007 
(online version: http://www.trud.bg/Default.asp?statid=43112, 21 february 2007) 
 

[13] 
Monitor (Bulgaria), 20 february 2007 
http://www.monitor.bg/bulgaria/article?sid=&iad111153&cid=20&eid=986 

 
[14] Windenergie opslaan in friet van McDonalds (Saving wind energy in McDonalds fries) 
 Jan Bom,  

People Planet Profit P+, Belgium, 26 february 2007 
http://www.peopleplanetprofit.be/artikel.php?IK=972 

 
[15] Stroom diepgevroren voor Later 
 Intermediair (weekly magazine), The Netherlands, february 2007 
 
[16] Night Wind (Poster) 
 Klimaatvak Exhibition 
 Gorinchem, The Netherlands, april 2007. 
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[17] Nightwind (Poster) 
 EWEC 2007 (European Wind Energy Conference 2007) 
 Milano, Italy, 7-10 May 2007 
 
[18] Windenergie opslaan in koel- en vrieshuizen (Storing wind energy in cold stores) 
 S.M. van der Sluis 
 RCC Koude en Luchtbehandeling, year 100 nr6 (july 2007), p. 30-33 
 
[19] Briefs – Night Wind 
 IIR (International Institute of Refrigeration) 
 IIR Newsletter No. 32, Paris, October 2007. 
 
[20] Strom on the Rocks (Current on the rocks). 
 Daniel Hautmann 
 Neue Energie – das Magazin für erneuerbare Energieen (New Energy-magazine for 

renewable energy), Berlin, Nr. 10 - October 2007, p. 42-43 
 
[21] Energie ook in diepvriespatat (Energy also in frozen fries) 
 Rob de Vries 
 Essenties (Essent weekly magazine), Den Bosch (Nl). Week 42, 20 October 2007 
 
[22] Generar frio a partir de Energia Aolica (Generating cold from wind energy) 
 Cinco Dias (Spain), 23 November 2007 
 
[23] Espana participa en un programa para „congelar” la energia. (Spain participates in a 

program to freeze energy) 
 La Gaceta del jueves, Spain, 21 december 2007 
 
[24] De wind invriezen (Freezing the Wind) 

The Netherlands – Energizing the future 
 Ministry of Economic Affairs, publication number 07DC09 (December 2007), p. 50 
 
[25] Night Wind: storage of wind energy in Cold Stores 
 S.M. van der Sluis 
 VSK, Vakbeurs voor de Installatiebranche, (Heating, Refrigeration & Sanitary Trade 

Fair) Utrecht (Nl), 11-15 february 2008 
 
[26] A partner Logistics facility as a giant battery 
 S.M. van der Sluis 
 11th European Logistics Cold Chain Education program “Back to Basics”.IARW, 

International Association for Cold storage Construction, Global Cold Chain Alliance, 
IRTA, WFLO. Mövenpich Hotel Amsterdam (Nl), 25-26 February 2008  

 
[27] Wind energy storage in cold stores: “Night Wind” 
 S.M. van der Sluis 

Energy Efficiency & Renewable Energy Sources (EE & RES), 4th International Congres 
for South-East Europe. 7-9 April 2008, NDK, Sofia (Bulgaria).  
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3.3 Workshops / congresses 
 

Night Wind project was presented at the following international congresses: 
 

EWEC 2007 (European Wind Energy Conference 2007) 
 Milano, Italy, 7-10 May 2007 
 

11th European Logistics Cold Chain Education program “Back to Basics”.IARW, 
International Association for Cold storage Construction, Global Cold Chain Alliance, 
IRTA, WFLO. Mövenpich Hotel Amsterdam (Nl), 25-26 February 2008  

 
Energy Efficiency & Renewable Energy Sources (EE & RES), 4th International Congres 
for South-East Europe. 7-9 April 2008, NDK, Sofia (Bulgaria).  

 
 
 

    

    

   
  

  
 

  

 
Presentation at the Eastern Europe Energy Efficiency & RES congres, Bulgaria. 
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4 Night Wind implementation 
 
The essence of Night Wind is it’s implementation. The Night Wind control system must 
be implemented at cold stores. The next issue to decide upon, is whether the cold store 
will operate the system itself, or whether the Cold store refrigeration system is part of an 
integrated storage facility operated by an energy supply company. 
In this chapter, the steps in the implementation are described for the implementation of 
the Night Wind Control System (NWCS) at a cold store on a single refrigeration system, 
where the NWCS is operated by the cold store itself. 
 
The steps to be taken for implementation are:  

- inventory of energy consumption data 
- inventory of cold store data 
- acquisition of cold store dynamics 
- programming of the NWCS 
- hardware installation 
- commissioning 
- instruction 

 
It is essential that before the actual implementation steps take place, a basic economic 
analysis has been made, and the possibilities for buying energy on the APX in the case 
of the specific cold store has been confirmed. 
 

4.1 Inventory of energy consumption data  
 
The possibility for buying energy at the spot market (Netherlands: APX) must have been 
established before the beginning of the implementation trajectory. The absolute amount 
of energy used by the cold store must be equal or larger than 1000 kWh/day. 
 
The equivalent number of full capacity running hours of the compressors per day and 
per week gives a good idea of the possible savings that can be reached with the NWCS 
control system (see figure below). 
 

  
Energy costs with NWCS vs. Night loading, in relation to full capacity running hours 
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The cost savings with NWCS are larger when the percentage of running time is small, 
because with a small number of running hours only those hours with low electricity cost 
can be used for running the compressors at full load. When more hours are needed, it is 
necessary to select more hours in which the electricity costs are higher. 
 
The variation of energy use over the various months of the year gives insight in the 
expected performance of the NWCS over the year. In summer months a higher cooling 
capacity, and thus more full load hours, is needed for balancing the external heat load.  
 
Energy costs for the specific Cold Store are needed to quantify the energy savings in 
terms of money. Cold stores often have individual contracts with the energy supplier, 
which make a general approach based on an average price unreliable. 
 
The energy consumption data is gathered as far as possible during a first site visit . 
Figures that cannot be supplied directly during the visit, must be gathered by the Cold 
store personnel and supplied afterwards. 
 
Needed are the following figures for the cold store: 
 

a) hourly energy consumption for a period of at least one week [kWh] 
b) maximum energy consumption [kW] 
c) monthly energy consumption for one year [kWh] 
d) total yearly energy consumption and energy costs [kWh] 
e) energy contract form and yearly energy costs [€] 
f) percentage of energy for refrigeration and for other applications [%] 

 
Time plan: 
 

- 1 day for site visit (in combination with 4.2) 
- 1 day for analysis & calculations 
- additional time (1 week) for awaiting data not gathered during visit.   

 

4.2 Inventory of cold store data 
 
The data concerning the cold store that must be obtained for a successful 
implementation are the following: 
 

- Physical data on the cold store 
- Refrigerant plant data 
- Operational data 

 
The physical data on the cold store (location, geometries, construction / insulation 
materials) are needed to determine the external load on the cold store. The 
determination follows along the lines of the EKS calculation program2. 
 

                                                 
2 EKS software for calculation of yearly energy consumption of supermarkets and cold stores: www.nightwind.eu  
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EKS program (yearly energy consumption calculation) input data for cold stores 
 
 

 
EKS program (yearly energy consumption calculation) output data 
 
 
The Refrigerant plant data is needed to determine the average surplus capacity that can 
be used for loading the cold store in the Night Wind concept. From the refrigeration 
plant data, the cooling capacity at the prevailing evaporation temperature is calculated, 
as well as the corresponding energy consumption.  
Refrigerant plant data, especially concerning the control system, is needed for the 
integration of the current control system (usually implemented in a PLC) and the NWCS 
control system. 
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The operational data needed concerns the amount and type of products stored. The 
product type determines the possibilities of variation in storage temperature. A number 
of products have been investigated in the course of the Night Wind project, possibly 
additional tests need to be performed for products not covered in the Night Wind 
project. Such an analysis takes a considerable time (months) to complete. 
The average amount of products “in storage” determines the amount of thermal energy 
that can be stored.  
 
The amount of products loaded and unloaded daily into the cold store, with the 
corresponding temperatures of delivery and storage, is used to calculate the average 
load on the cold store by the (incoming) products.  
 
The Cold store data is gathered as far as possible during a first site visit . Figures that 
cannot be supplied directly during the site visit, must be gathered by the Cold store 
personnel and supplied afterwards. Photographs of the Cold Store are taken on site for 
reference purposes. 
 
Needed are the following data for the cold store: 
 

- sizes and geometry (all applicable data as defined by the EKS program input) 
- defrost method 
- direct energy consumption (lighting & condenser fans) 
- air refreshments (# per day and efficiency of heat recovery unit) 
- type and amount of products stored 
- daily amount of heat to be removed from incoming products 

o amount and type of incoming products 
o temperature of incoming products 

- air temperature setpoints (max, min) 
- location (in relation to outdoor temperatures) 

 
For the refrigeration plant, the following data are needed: 
 

- design compressor capacities (at To and dTsuperheat)  
- compressors number & types (both stages for two stage systems) 
- refrigerant(s) 
- design evaporating temperature To 
- superheat at design conditions dTsuperheat 
- evaporator capacity  
- condensing temperature 
- overall COP at design conditions 
- detailed information on the refrigeration (capacity) control system 

 
 Time plan: 
 

- 1 day for site visit (in combination with 4.1) 
- 4 days for analysis & calculations 
- Additional time (1 week) for awaiting data not gathered during visit.   
- Additional time (1 week) for product types not covered in Night Wind (quality 

detoriation data at varying storage temperature) 
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4.3 Acquisition of Cold Store dynamics 
 
The cold store dynamics play an important role in the Night Wind concept. The Night 
Wind Control System, NWCS, defines optimum capacity for the next 24 hours based on: 

- the temperature limits (as defined by the food products and their quality) 
- the spot market electricity prices 
- wind energy production 

 
The temperature limits are defined through the cold store dynamics, which relate air 
temperatures, product temperatures and heat loads.  
 
To a large extent, the cold store dynamics can be evaluated from the data gathered in 
steps 4.1 and 4.2. What is additionally needed to evaluate the cold store dynamics, is 
information on the heat transfer values and product cooling rates: 

- heat transfer value between cold store air and the cold store construction 
- heat transfer value between cold store air and products 
- product thermal characteristics 

o heat capacity 
o geometry 
o packaging 

 
When the heat transfer values are known (e.g. calculated, through measurement of air 
velocities), the product cooling rates can be simulated with thermal simulation packages 
like the “WINTIX” thermal simulation package. 
 
 

 
 
Simulation of product cooling in the WINTIX thermal simulation program 
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Time plan 
 
For simulating the product cooling in WINTIX, a product geometry model has to be 
created, and the thermo-physical properties of the product have to be added. Therefore, 
this task takes a number of days to accomplish (typically 5 days). 
 
When not all values needed for the calculations can be presented by the cold store, it 
may be necessary to measure some of the variables needed in the evaluation of the 
cold store dynamics, such as the air velocity in the cold store, or the cooling rate of the 
products.  
 
The total time plan therefore is as follows: 
 

- 1 day for exchange of information 
- 2 days additionally for measuring in case not all data is available 
- 5 days for WINTIX modelling 
- 2 days for analysis and production of cold store model. 

 
 

4.4 Programming of the NWCS 
 
The NWCS software is available as a base case version. This base case version now 
needs to be adapted to the specific Cold Store, which means the following aspects have 
to be re-programmed: 
 

- cold store dynamics 
- interface with the refrigeration control PLC 
- location and naming of data files (e.g. wind input data file) 

 
The NWCS software is written in a Windows ® Visual Basic environment, and the data 
communication makes use of a call library supplied by Agilent Technologies (this is an 
adaption of the VISA data exchange convention). Furthermore, as part of the Visual 
Basic environment, the program relies heavily on Windows Excel ® spreadsheet 
functionality.  
 

    NWCS Software control panel 
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The time plan for the software programming is as follows: 

- 1 day for defining specifications 
- 3 days for programming 
- 2 days for software testing 

 

4.5 Hardware installation 
 
When the NWCS software has been prepared, the hardware installation phase can 
proceed. The necessary hardware has to be acquired and needs to be set up. 
 
The hardware that is needed to run the NWCS consists of: 
 
Item Description Price estimate 
1 PC €    350,- 
2 MS Windows XP €    150,- 
3 MS Excel €    290,- 
4 Internet connection pm 
5 Data Switch Unit Agilent 34970A € 1.180,- 
6 Module 34901A €    385,- 
7 Module 34903A €    330,- 
8 Module €    360,- 
9 Software for Data Switch Unit (Benchlink) €    565,-  
10 Temperature sensors pm 
11 Interface with Refrigeration System PLC pm 
12 Connectors & Cables pm 

 
The time plan for the hardware installation is as follows: 

- 1 day for defining specifications 
- ordering hardware (allow 3 weeks) 
- 3 days for installing (including cabling) 
- 2 days for hardware testing 
 

  NWCS hardware 
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4.6 Commissioning 
 
In the commissioning phase, the NWCS system will run for one week to observe the 
functioning of the system. What will be monitored is: 
 

- the correctness of the cold store model 
- theoretical electricity cost savings due to the NWCS 

 
After this monitoring week, one week is allowed for fine tuning the system and the 
software. 
 
The time plan for the commissioning is as follows: 

- 1 week for running the NWCS system 
- 1 week for fine tuning the NWCS system 

 

4.7 Instruction 
 
The personnel at the facility will be instructed in the operation and background of the 
NWCS, in the form in which it is set up in practice at the particular cold store. 
 
The time plan for the instruction is as follows: 

- 1 day for preparations / customizing 
- 1 day for instruction 

 

4.8 Implementation timing & resources 
 
 

 
Implementation GANTT chart (with start supposed on March 2nd, 2009) 
 
Total time form start to end (including parts ordering): 12 weeks 
Time load:  

- implementer: 38 - 43 days 
- client (cold store): 7 - 9 days 

 
Hardware investment  ± € 4.000,- (excluding taxes) 
 


