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Task 1 

The Greenery International 



Containertransport 

CEET 2005 

P Jan Smits, 
september 1999 

Gntep Marketing ! RAD 

Commercial interest for: 

1. tomatoes on the vine 

2. bell peppers 

3. green beans import 

4. nectarines, peaches, mango's import 
* existing boattranport 
* harvested more mature for better flavour 

5. not for apples 

28-10-99 1 afd Groep Marketing 1 R&D 
tix'Orveswv 

Bell Pepper I 

* Substantial price fluctuations 
* Risk of lower productprices next week 

when airfreight (and better Q in US) 
* Supply forecasting is helpfull 

* Perfect productquality needed 

* Selected growers 
* Varieties with long shelf life 

tiK' QiW'iUMy 
28-10-99/ afd Groep Marketing / RAD 

Bell pepper II 

* Container CA or 

* MA per box (special boxes) or 

* Consumerpacks MA 

> Total costprice 
> Quality at retail level 

tin; QivetHMy 
28-10-99 / afd Groep Marketing / R&D • 

Tomatoes on the vine 

* Less price fluctuations 

* More quality differences between varieties 

* Container CA - Box MA - Cons. Pack MA ? 

* Quality of tomatoes and quality of vine 
* different optimal conditions ? 

fh(,>C*reeoc-ty 
28-10-99 / afd Groep Marketing i RAD 
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Task ? 

Modelling 

climatic conditions in container, 

and cool/CA unit 

to be used in supervisory control algorithm 

Modeling objective 

Reliable, validated model to make predictions for supervisory controller 

Marr.hing Route 

• Control level 

Top-down approach 

• Macro scale 

Bottom-up approach 

Dual route top-down: rapid prototyping for testing supervisory controller 
bottom-up: reliable end general model, cirftical points 

State of modelling 

1. Crude modél T/RH 

2. Motto! coot-unit 
1 »J— * 1) 

Bottom-up approach 

3. Cooling of product 

Top-down approach 1 

Bottom-up approach 

3. Cooling of product 

T V 

Bottom-up approach 

3. Cooling of product 
S 

mm 
fj 

Bottom-up approach 

3. Cooling of product 

— — 

Activity 1 : Ourle mortel T/R.H 

• Objective: 
model template for supervisory control 
estimation of energy load of product 

* Approach! 
Identify objects with 
thermal energy storage capacity 
Connect them with 
heat resistances/convective flows 

CA/Refr. Unit , Stowage 
I Space Ca 

I 

Network model: thermal domain 

c„. Product 
C, Airn packagng 
Cm: Packagng mattra! 
C,: T-barHoor 
C, titernalcbddmg 
C«: External cbddng 
CV Htadspact 

1 



Activity ?: Refrigerating unit model 

Mapping of return air conditions to supply air conditions, 

given setpoints and ambient conditions. 

Predicts energy demand. 

Ambient Conditions „ Return a 
h I* 

Setpoints CMtafr.Urit 1 
. Made! 1 

Energy demand 

Prediction to be used in supervisory control algorithm, 

needs simple input/output mapping for on-line computation 

First indication power requirements 

Electrical current of various components 
- Heater = 10 A 
- Evap. high on (fans high) = 1.5 A 
- condenser fan = 1A 
- Compressor = 20 • 35 A 

Highest power usage by compressor, 

Energy reduction possible by power cycling of compressor, 

Effects on product quality will be investigated 
(experimentally and by means of 'crude' model) 

Activity 3: Cooling at product level 

Example of bottom-up approach: simplification of models 

\ R„, R„ 

Detailed Finite Element Model Simple Network Model 

Next actions 

• Product model of respiration heat and transpiration 

• Airflow through package 

• Airflow in container 

• Identification and modeling refrigeration/CA unit. 

•«s»ATa 

Container Fxperiments 

Identification Cool unit 

Airflow 

Identification CA-unrt 

Temperature/^.H. 

Gas conditions 

jan'00 

mar'00 
Input Greenery 

Input Carrier, knowledge 

Input Carrier 

('01: Testing macromodel, sensors, supervisory control) may'OO 
Input Greenery: products 

jul'00 



Conclusions 

• Model template for supervisory control is ready 

• Method available for model simplification (bottom-up) 

•*s»Arn 
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Task 3 

Ecofys 
Shell Solar Energy B.V. 



CEET-Container Task 3 

Energy supply 

ECOFYS, September 1999 

ECOFYS 
Contents 

ECOFYS 

• Options 
- What energy suppliers are we looking at? 

• Criteria 
- What is needed to obtain the optimal energy supplier? 

• Situations 
- Which different situations can we distinguish? 

• Conclusions 
- What is the optimal supplier in all situations? 

Contents Options Criteria Situations Conclusion 

wm 
•P 
11 

Options 
ECOFYS 

Electricity 
Photo voltaic 
Diesel genset 
Bio diesel genset 
Hydrogen / LPG / LNG genset 
Fuel cells 
Absorption heat pump 
Electric buffer 
Thermal buffer 

3/22 I ( ontents Options Criteria Situations Conclusion 

Electricity 
ECOFYS 

Only available on board 
High reliability 
Sustainability depends on production 
No investment or maintenance cost 
Fuel cost approx. 0.10 $/kWh? 

Contents Options Situations Conclusion 

mm 

il1 

Photo Voltaic 
ECOFYS 

Limited power 
No maintenance or fuel cost 
Autonomous and sustainable 
Logistics hard to combine with reefer 
transport 
High investment cost (approx. 5000 $/kW) 

Contents Options Criteria Situations Conclusion 

Diesel Genset 

Fuel sufficiently available 
Not sustainable 
High maintenance cost (1500 $/year?) 
Investment ± 1000 $/kW 
Fuel cost approx. 0.15 $/kWh 

ECOFYS 

Contents Options Criteria Situations Conclusion 



Bio Diesel Genset 

Fuel poorly available 
Sustainable 
High maintenance cost (1500 $/year?) 
Investment ± 1000 $/kW 
Fuel cost approx. 0.30 $/kWh 

ECOFYS 

Contents Options Criteria Situations Conclusion m 

ECOFYS 
Hydrogen / LPG / NPG 

Fuel poorly available 
Sustainability depends on source 
High maintenance cost 
High fuel cost 

Contents Options Criteria Situations Conclusion 

Fuel Cells 
ECOFYS 

Availability depends on fuel 
Sustainability depends on fuel 
High investment cost (2000 $/kW, General 
Electrics) 
Technology under development 

Contents Options Criteria Situations Conclusion 

Absorption heat pump 

Only for transport on truck 
Availability depends on waste heat and 
fuel 
Known technology and economy 

ECOFYS 

Criteria Situations Conclusion 

Electric buffer 

Low capacity 
High weight (approx. 40 kg/kWh) 
High investment cost (300 $/kWh) 

ECOFYS 

Contents Options Criteria Situations Conclusion 

Thermal buffer 

Low capacity 
Extra heat exchanger needed 
High volume (151/kWh) 
and weight (12 kg/kWh) 

ECOFYS 

Contents Options Situations Conclusion 

2 



ECOFYS 
Criteria 

• Power 
• Autonomy 
• Availability (fuel source) 
• Reliability 
• Sustainability 
• Investment cost 
• Maintenance cost 
• Fuel cost 
• Built-in 

Contents Options Criteria Situations Conclusion 

Overview 
ECOFYS 
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H 
Pov*r ++ 

kW 
++ + ++ ++ + 

Autonomy " ++ + + + + + ++ ++ 

(fuel source) 
++ -/+ + 0 7 -/+ + ++ ++ 

Reliability ++ ++ + + + ? + •+ 

Sustainability + + -/+ -/* •/+ -/+ -/+ 
mvaatmam 

cost 
++ + + + ? 

Maailsnanc* 
coat 

++ ++ ? • ++ ++ 
Fual coat + ++ 

- •  0 + + + 

Built-in - •  ? + * 

Contents Options Criteria Situations Conclusion 

Situations 
ECOFYS 

Initial cooling 
- The optimal energy supplier during the initial 

cooling after stowage 

• Shipment 
- The optimal energy supplier during a six week 

over sea shipment 

• Transfer 
- The optimal energy supplier during transfer in 

harbours and other temporarily autonomous 
operation 

• Continental transport 
- The optimal energy supplier during transport 

on trucks and trains 

Contents Options Criteria Situations Conclusion 

— Initial cooling 
ECOFYS 

Main criteria 
- Power 
- Investment 

Best option 
- Electricity 
- Diesel genset 

Contents Options Criteria Situations Conclusion 

Shipment 
ECOFYS 

Main criteria 
- Power 
- Reliability 
- Fuel cost 

Best option 
- Electricity 

i I li 
1« 
=i I| i* 

fa 
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3 
i 
IL 

*E 
li ie h I* 

taawr Ä ++ • 2.2 ++ + ++ ++ + . .  
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+ + -/+ -/+ -/+ -/+ -/+ 

""ST*. ++ + + + ? 
M*lntona»e*| co« ++ ? + ++ ++ 

Fuol coat fj + ++ 0 + + + 

ButtWn - . 7 

Contents Options Criteria Situations Conclusion 

Transfer 
Main criteria 
- Autonomy 
- Built-in 

Best options 
- Electric buffer 

ECOFYS 

» 3 
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V* 
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lï 
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l! Si % üs 

POW ++ 2.2 
kW ++ + ++ ++ 

Autonony - •  ++ + + + + H « 1 ++ 
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RMUamty ++ +• + • + ? + ++ + + 

SuMataaNMy + -/+ -/+ -/+ -/+ -/+ 

++ + + ? 

ceil ++ ++ ? • 1 •+ ++ 

Fool ca« + ++ 0 
W ? W 

Contents Options Situations Conclusion 



Continental transport 
ECOFYS 

• Main criteria 
- Power 
- Autonomy 
- Availability 

• Best options 
- Diesel genset 
- Photo voltaic? 
- Fuel Cells? 
- Absorption 

heat pump? 

Contents Options 

1 11 S m 3 fill 1 Iii II 
Powr , ++' « (•M-4 iJL ++ +J p 

1++ ++ Autonomy ~T71 £3 1+1 ~ J E 1++ ++ 
AvtMMMy 
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+ + 
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___ 

. .  ? 
__ 

Situations Conclusion 

ECOFYS 
Choice #1 (conventional) -

On ship 
- electricity 

Off ship 
- genset 

Cost 
- Investment: 
- Maintenance: 
- Fuel on ship: 
- Fuel on land: 

1000 $ I kW (per truck) 
1500$/year 
0.10$/kWh 
0.15 $ / kWh 

Contents Options Criteria Situations Conclusion 

Choice #2 
ECOFYS 

On ship 
- electricity 

Off ship 
- electric buffer + genset I fuel cell 

Extra cost 
- Fuel cell: 

+ battery: 
- Maintenance: 

1000 $/kW (per truck) 
300$ /kWh 
? $/year 

Contents Options Criteria Situations Conclusion 

Alternatives 

• On ship 
- cooling of storage room to improve SPF 

• On truck 
- extra generator on truck to supply container and 

electric buffer (battery) 

ECOFYS 

Contents Options Situations Conclusion 
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Task 4 

ATO 



CEET 2005 task 4, introduction 

• Development of slow-release systems for green chemicals 

• Input per phase 
• 1: 6 months, 04 man year 
• 2:18 months 055 man year 
• 3:12 months; 0.65 man year 

• Partners in task 4 
• Transicold 
• P&O Nedlloyd 
• ATO-DLO 

• task 5 (monitoring systems) 
• task 7 (system control) 

27-11-1909 Department of Applied Microbiology 

CEET ZOOS task 4, workpackage 

• task 4.1 

• selection of green chemicals for differenfcroducts 

• task 4.2 

• In situ activity of selected plantderived antifungal compounds 

• task4.3 

• phytotxidty of the selected antifungal compounds 

• task 4.4 

• innovative technology for application and distribution ofinntifüngal 

volatiles 

Department of Applied Microbiology 

CEET 2005, target organisms 

• Optimum 
CO 

M m mnnu Maximum 
H 

IttfplLtlMr«» ' "• 
wenicillhui wpmm r, 
|j|f(HiiUtihi firwtlgtM \ 
llMtcmariaidMnlila' ' 
ItRhbropul uokinlfer 

J 27-11-1990 Department of Applied Microbiology J 

CEET 2005 task 4, objectives: " 

• The goal of task 4 Is to Implement the use of green 

chemicals In the climate control system of the container. 

• In principle this is an energy efficient means of preventing 

deterioration of the perishable product, since the 

requirements for temperature and humidity control can 

become less strict. 

Department oi Appaea Micro om logy 

CEET 2005, task 4 m 
ir-r——• - —«to-dlo 

Deliverables task 4 

• Task 4.1 
• Selection of (product derived) aromatic volatileawith antifungal activity 

against the major postharvestpathogens of apple, tomato and chicory 
• Task 4.2 

• The in situ screening will provide information about the efficacy of the 
selected antifungal volatileswhen applied on the product. The minimal 
dose at which full suppression of fungal spoilage occurs wilt be 
determined for three porductsat two different temperatures 

• Task 4.3 
• Execution of task 4.3 will show the dosing levels at which at the selected 

antifungal compounds can be safely used with respect to phytoxicity 
• Task 4.4 

• An injection system for green chemicals, and eventually for controlled 
release, will be obtained 

27-11 -1999 Department of Applied Microbiology 

CEET 2005, selection green chemicals 

Chicory Tomato Apple 
CarvKfDl 
Tfc&lM ."..«'V"' • 

He*ytacet*at-;V 
Ethyl hranoaat 

Trans-2-psntsnal 

J 27-11-1999 Department of Applied Microbiology | 



CEET 2005, planning 

ID Task Name 
199« I (999 2000 [ 2001 

ID Task Name ai aq 03 Oi ai 03 0^ U' g g g ÜJj CM 
1 Tuk 4 1 Salicticn of ciwrracata 

pH 
u_  

2 Task 4 2 Efficacy scrwung in utu pH 
u_  

3 Task 4.3 Phytntonclty MiwiMj 

i  

u_  

4 i  

u_  

Department of Applied Microbiology 

CEET 2005, results first year 9^ 

Screening programme completed d.d. September 99 

Botrytis cinerea Hhizopus stoloniter Hentcillium expansum 
E-2-ftexenal X X X 

E-2-pentenal X X X 

Decanal X X X 
Cinnamaldehyde X 

Geraniol X X 
Thymol 

Carvacrol 
Ethylhexanoate X X 

Hexylacetate X X 

Department of Applied Microbiology 

CEET 2005, results first year, Rhizopus 
Ue vertraging op de ontkieming en de luiLtire groei van H. tlolitnijer Al Lo.v. de controle bij 
behandeling met vernciiiilcnde concentratie* etherische oltAi 

Volume (Hl) UnUocming 
(dagen) 

Lineaire groei 
(dagen) 

1 I) I 

IU > li 
Cinnamaldehyde Cinnamaldehyde Cinnamaldehyde 

2 

Cinnamaldehyde 

> li 

Cinnamaldehyde 

1 

1 

J i 
10 y 

Department of Applied Microbiology 

CEET 2005, results first year 

• Screening green chemicals 

• Effect of vapour on viability of spores 

• Effect of vapour on mycelial growth 

• Metabolism of decanal administered via gasphase 

• Conclusions task 4.1 

Department of Applied Microbiology 

CEET 2005, results first year, Botrytis 

dl») (4*<") 

- i 1 i- -

^ 
r— — 

H<cri>^-i 
r— Ï 

27-11-1999 Dcpartn wnt of Applied Micronoioav 



CEET 2005, results first year, Pénicillium 
<m A3 Lo 

Department of Applied Microbiology 

CEET 2005, results first year 

Conclusions screening green chemicals 

• Botrytis cinerea', 
• decanal=E-2-bexenal>E-2pentena>geranio>hexylacetate>ethylhexanoate 

• Rhizpus stolonifer; 
• E-2-hexenai>cinnamaldehyde>E'2pentena>decanal 

• Pénicillium expansum 
• decana{=E-2-hexenal>E-2pentenat>geranio$>hexylacetate>ethylhexanoate 

Department oTAppnes Microuoiogy 

CEET 2005, results first year 

Effect of decanal In the gas phase on the 
viabHty of spores of Botrytis cinerea A2 

atirc 

20 40 60 
Treatment time (min.) 

• Decanal reduces the 
viable count of 
Botrytis cinerea 
conidia 

• Decimal reduction is 
obtained in 20 min 
exposure to decanal 
vapor 

Otpartmeot of Applied Microbiology 

CEET 2005, results first year % 
Bfedflf ffentvoMes on growth 

Baty&dnamA2*trC 

5.00 

= —4.00 
S E 
£üaoo 
S? 200 
Ê |l.0O 
Q ooo 

Bfect <# plantvotatitos on (powti 
ftèyHsdnum A2at 19C 

• Decanal and E-2-hexenal inhibit radial growth of mycelial mat Botrytis 
• At 18°C complete inhibition by decanal lasts only 8 days 

27-11-1999 Department of Applied Microbiology 

CEET 2005, results first year 

Headspace concentration decanal Headspace 
concentration 
decanal drops in two 

ays 
value 

roos ir 
days to 12% of initial 

ilue 
< chemical oxidation 

In the presence of 
B. cinerea the 
headspace 
concentration drops 
to almost zero two 
days 
• bio-conversion 

Department of Applied Microbiology 

CEET 2005, results first year 

Rhizopus has a 
reduced 
sensitivity towards 
decanal 

The fungus forms 
special survival 
structures in the 
presence of 
decanal which 
may help the 
organism to 
overcome this 
stress-factor 

Department ol Applied Microbiology 



CEET 2005, task 4 conclusions 

• Decanal, E-2-hexenal and E-2-pentenai are the most potent 
antifungal agents for posttiarvest control of Pénicillium 
expansion, Rhizopus stoionifer and Botrytis cinerea 

• Decanal In the headspace Is sensitive for chemical and 
biological degradation 

• Decanal Induces the formation of survival structures on 
Rhizopus stoionifer 

Dapartmant of AppBad Micro biology 

CEET 2005, task 4 planning phase 2 

• Screening of natural antimicrobials on Pseudomonas 
marglnalis, Monilinia fructigena and Altemaria altemata 

• In situ activity testing of selected plant derived antifungal 
compounds 

27-11-1999 Department of Appbtd Microbiology 
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gen sensor linearity 

A T D  



gen sensor - detection system 
locked loop 
ency varies while maintaining constant phase shift 

Frequency 
output 

Voltage to 
Frequency 

Light source 

S 
air 

* 

> 

45° phase Phase 
shift 

W 
Detector 

Detector 

dye 

XT • 
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Task 6 

ATO 
P&O Nedlloyd 

Eteca B.V. 



Task 6: developinga cost benefit model 
for the CEET container 

Saith Tromp & Erik d* Jong* 

Dept. of Packaging, Transport and logistics 
Ê̂mÊÊmSÊÊÊIÊmlSÊÊÊÊSÊSÊÊ 

Future decision problems 

Market implementation of the container 
• Who is interested in being the container owner? (E.g. shipping company, 

third party, shipper, retailer, consortium of interested parties) 
• How many containers to buy? 
• Where to locate them and how to set up a planning? 
• Which price setting? 

• Shipper 
• Which type of container to use for a certain cargo? 

A cost/benefit model may help to solve these problems. 

Cost benefit model 

Container type Supply chain Product 

Model functionality 

• To quantify the cost, quality loss, and energy use when 
using a variable type of container along a supply chain. 

• Performance indicators 
• Cost 
• Product quality loss 
• Energy use 

• Model input 
• Supply chain 
• Container type 
• Type and volume of product 

Modeling approach Wfi' 
ato-dlo 

A supply chain will be modeled by describing its activities 
(stuffing and stripping, handling, transport, maintenance, 
planning,...). These activities can be different when using 
different types of containers. 

For each activity its performance is quantified on the 
indicators cost, quality loss and energy use. This 
performance is expected to be different for different types 
of containers. 

Fictive output with respect to cost 

Container 
type 

Truck 
transport 
to port 

Stuffing 
at 
shipper 

Cohtainër 
Transport 
to port 

Stuffing 
at the 
port 

Reefer 
40 X X 8 

CEET 
X 10 60 X 



However, quantifying the benefits is not easy 

• For example, a higher product quality after distribution 
may induce 
• less waste 
• a higher price 
• less claims 
• opportunities for price speculation 
• more flexibility in distribution 

• These benefits are difficult to quantify 

Future approach 

• To use the proposed model as a framework that will be 
filled In more and more during the project 

• To start with focus on the performance indicator 'cost' 
• Operating cost of diffèrent types of container (Reefer, CA, CEET,.. 
• Cost on the primary activities in the chain; stuffing, transporting, 

handling, stripping,... 

• To work in close cooperation with P&O and Eteca 
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Task 6 - key issues 

Chain optimization 
Market developments and opportunities 

Task 6 - objectives/deliverables 

• Quantitative analysis of the logistical 
chain 

• Container design versus requirements 
of the chain concept 



Task 6 - objectives/deliverables 

Qualitative analysis of the reefer 
industry 
Container design versus economical 
and other market criteria 
Marketing and implementation 
strategies 

Task 6 - approach 

Market analysis 
Marketing methodology - client profiles 
Marketing methodology - concepts 
Feasibility study 
Formulation of commercial strategy 

Presentation 27/09/99 

• Task 6 - main participants 

• Task 6 - key issues, objectives and 
deliverables and approach 

• Some facts and figures 

'2005' 

'Knowing where you are heading means 
knowing where you have come from' 

P&O Nedltoyd annual report 1998 

tPH. 

Some facts and figures Market trends 

• Commodities • Freezers, MA and CA units 
• Trade lanes • Reefer container is taking over 
• Competition • FOB conditions 
• External observations • product diversification 

• door to door is required 

28-10-99 II 28-10-99 12 
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I 
Introduction 

Project goals 
• optimal quality maintenance 

• substantial energy savings 

• sustainable energy supply 

• Task 7 objective 

Development of a Model-based Control Algorithm 
for refrigerated container transport of agro-products 

Total structure SOC-system 
I r ato-dio 

• Detailed structure main module 

Total structure SOC-system 

• Global structure 
• Main module: Economical optimisation of the transport process with 

respect to product quality and energy usage 
• Check module: Check calculated setpoints and assumptions for main 

module 
• Estimator module: Measure and calculate parameters and states for 

main module 

Total structure SOC-system w' 

• Objective primary control algorithm 
• optimal economical efficiency of the overall transport process (long-term) 

J = P{Q)M-\L(c,x,u,v,t)dt 

• inputs: lead times, energy supply, nommai weather, product prices 
• outputs: quality setpoints, additional settings local controllers 

• Objective secondary control algorithm 
• minimise short-term energy usage with acceptable inhomogenity and follow 

quality setpoint >•» 
J s ƒ (W, (actual value-quality setpoint) - L(c, x,ti,v,l) 

R,^ <,R<. R^ 

• inputs: quality setpoints, weighing factors, measurements (quality and 

energy) 
• outputs: setpoints local controllers 



Planning SOC-system w*' 

• Part 1 : Preparation and global SOC-system structure 
development end 31 -5-99 

• Preparation 
• Development of global structure of the SOC-system 
• Simulation with the SOC-system structure 

• Part 2: Conditioning of climate and testing the secondary 
controller algorithms end 31 -5-00 

• Preparation of the available models 
• Development of final structure of the SOC-system 
• Development and testing of secondary control algorithms 

• Part 3: CA-control and implementation in a container 
end 30-9-01 

• Preparation of available models 
• Development of SOC-system 
• Implementation and testing of the SOC-system 

Input from other tasks 

. • Task 1 (product): 
product quality model for the three products types 

• Task 2 (models/controller hardware): 
models of container climate, refrigerating unit and CA-unit 

• Task 3 (energy system): 
Model of energy supply system 

• Task 4 (green chemicals): 
? 

• Task 5 (sensors): 
cheap, reliable, free-of-maintenance sensors (02, C02, calorimeter) 

• Task 6 (marketing/logistics): 
knowledge of trip path and duration 


