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Figure 2.7 Hourly difference between outdoor and indoor temperatures during 2018 (left) and 2019 (right) 
for four project locations (all but Accra University). Data are presented only when both outdoor and indoor 
temperature were available.
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Figure 2.8	Examples of hourly indoor and outdoor temperatures that were largely similar (left) 
and very different (right).

2.5	 Air humidity
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Figure 2.9 Daily minimum relative air humidity inside the greenhouse at the five project locations. Values are 
given as a 7-day running average.
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Figure 2.10 Examples of hourly values of relative air humidity (left) and vapour pressure deficit (right).

Daily maximum relative air humidity (RH) was mostly between 80 and 100%. In 2018, the annual average value 
for AgriImpact was 99%, for Premium Vegetables 97%, for Urban Jungle 93% and for SafiSana 90%. Daily 
minimum relative air humidity, characteristic for mid-day circumstances, was a little lower for SafiSana and 
Urban Jungle than for Premium Vegetables and AgriImpact in the hills. During the year, minimum relative air 
humidity peaked during June through September.
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For crop growth, which is determined by the rate of photosynthesis (CO2 assimilation), the relative air humidity 
itself is not very important. The vapour pressure deficit (VPD) is. VPD is the difference (deficit) between the 
amount of moisture in the air and how much moisture the air can hold when it is saturated3. The VPD increases 
with increasing temperature and decreasing relative air humidity. Figure 2.10 shows some days with hourly RH 
and VPD values. RH and VPD reach minimum and maximum values, respectively, around noon. Stomata respond 
to VPD and close at high values, and moreover, may not open again in the afternoon. Measurements would have 
to be conducted to obtain certainty on the behaviour of stomata and the consequences for photosynthesis. Peaks 
in VPD were mostly highest for Urban Jungle, and lowest for Premium Vegetables.

2.6	 Wind direction and speed

The wind direction at Premium Vegetables was predominantly SE, whereas at the other locations it was 
predominantly N to E. Wind speed was relatively low at Premium Vegetables. Wind speed at Urban Jungle was 
intermediate, whereas it was highest at SafiSana and AgriImpact.
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Figure 2.11 Spider web presentation of cumulative, hourly wind directions at the five project locations.

3	  https://en.wikipedia.org/wiki/Vapour-pressure_deficit.
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Figure 2.12 Daily minimum (above) and maximum (below) wind speed at the five project locations. Values are 
given as a 7-day running average.

Table 3	
Position of the top vent in relation to the dominant wind direction.

Location Dominant wind direction Actual orientation of top 
vents

Preferred orientation of top 
vents

AgriImpact N to E SE S to W

Premium Vegetables SE SSE SW

SafiSana N to E SE S to W

Urban Jungle N to E E S to W

For relatively small greenhouses, it is best if the wind moves over the top vent. Then fresh air will come in from 
the sides, move up and leave from the top vent. If the wind blows into the top vent, the warm air can not easily 
leave the greenhouse. The project greenhouses should therefore benefit from a different orientation (Table 3).
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3	 Recommendations for greenhouse design

3.1	 Analysis of monitoring data

Temperature management in the greenhouse is everything in the hot lowland tropics of Ghana. Temperature is 
influenced by a number of environmental factors and knows a number of potential management options (Elings, 
2015b).

The location of the greenhouse determines a number of influencing factors
1.	 Air temperature outside the greenhouse. Outside air temperature can not really be influenced and has to be 

taken for granted.
2.	 Altitude. Air temperatures outside the greenhouses in the hills north of Accra were 2-3oC lower than at sea 

level. This may not seem a lot, but can be important if growth conditions are critical.
3.	 Wind speed. Premium Vegetables had the lowest wind speed, followed by Urban Jungle. Wind speed depends 

very much on local circumstances, which are in the case of Urban Jungle determined by the housing around 
the farm.

4.	 Vapour pressure deficit peaks at all locations, but most at Urban Jungle. Whether this is critical, is difficult to 
conclude without detailed measurements.

5.	 Global radiation, that introduces long-wave heat into the greenhouse. There is no systematic difference 
between the locations in Ghana. The use of diffuse plastic with good UV-protection is a good choice.

Management options:
1.	 Adjust farm size to appropriate dimensions. The width of the greenhouse in tropical lowland conditions is 

limited. Hot air enters from the sides and moves upward to leave the greenhouse through the top vent. If the 
width of the greenhouse is too large, the centre is never reached by the air coming from the sides4. As the 
outside temperature becomes lower and wind speed higher, the greenhouse can be wider (see for example 
Premium Vegetables).

2.	 Diffuse plastic to reduce the level of direct radiation and improve light distribution over canopy depth, which 
improves crop photosynthesis rate.

3.	 Use of shades or screens to reduce radiation and temperature, and to improve light distribution and crop 
photosynthesis. It can improve quality of the produce, and some crops even prefer shade. Shades and 
screens can be placed above the greenhouse, in order not to hamper the ventilation rate. They can also be 
placed inside the greenhouse, as SafiSana has done.

4.	 Orientation of the greenhouse. The position of the top vent in relation to the dominant wind direction (Table 
3). Premium Vegetables has positioned its top vent towards the dominant wind direction, which causes wind 
movement from the top into the greenhouse; it might have been better to turn the greenhouse by 180°. The 
other greenhouses are not positioned very well, as the dominant wind direction is on the average NE and 
the vent is oriented almost perpendicular to this. Premium Vegetables has the problem of slightly lower wind 
speeds than the other locations.

5.	 Cooling through:
•	Natural ventilation, which is for free, potentially maintains greenhouse temperature at about the same 

level as outdoor temperature, and manages humidity and CO2.
•	Fogging by bringing small droplets of water into the greenhouse, which absorb energy and remove this 

energy from the greenhouse as the float to the outside. The problem is that fogging does not work when 
relative air humidity is already high. An additional disadvantage is the investments and the need for clean 
water.

•	Pad & fan and forced cooling cost energy and are therefore not a feasible option for most small 
greenhouses. It might be options for larger greenhouses where the overall technology and production 
levels are higher.

4	  https://www.ingreenhouses.com/digitalmagazines/?wur=true#dflip-df_33935/28/.
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3.2	 Feed-back of farmers and suppliers

The results were presented and discussed at the workshop ‘Greenhouse Production Systems Round Table 
Meeting’ at May 29, 2019, organized by Fresh Green Ghana and HortiFresh5. This workshop was attended 
by 50 participants, among which farmers and suppliers. The report of this gathering, with a summary of the 
presentations, is given in Annex 1.

The greenhouse sector in Ghana is maturing. In comparison with a few years ago, farmers and suppliers 
appeared more realistic, possible as a consequence of some years of experience. This is a healthy development. 
It was broadly acknowledged that the greenhouse sector is thriving and has much potential, but that much 
additional experience still has to be gained. One option is the establishment of a demonstration centre where 
technology and best practices can be evaluated and knowledge specific to Ghana can be generated. The 
technological issues presented in this report and at the workshop were well-acknowledged. Having said that, this 
does not imply that they have been truly absorbed by the sector. To achieve this, much more knowledge transfer 
will be required – a task for the remainder of the project.

Another point of debate is the financial business case (Elings et al. 2015a, Herms et al. 2016), which was also 
extensively discussed at the workshop. The author’s personal belief is that greenhouse production can be 
financially sustainable, provided high-quality yields are sufficient and investments are kept to the minimum.

5	  www.hortifresh.org
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Annex 1	� ‘Greenhouse Production Systems 
Roundtable Discussion’

Date: May 29, 2019

Venue: Alisa Hotel

Organization: HortiFresh West Africa and Fresh Green Ghana

Facilitator: Hanson Arthur, Fund Manager HortiFresh

Participation: 50

Introduction
Protected cultivation is gaining ground rapidly in Ghana. It is believed that across the country, over the last 
years, hundreds of tunnels and greenhouses have been built. the case of the private sector, our day to day 
contacts with vegetable farmers indicate that there is a ‘buzz’ in the sector that tunnels and greenhouses are 
highly profitable. Also, the public sector increasingly wants to stimulate protected cultivation. It is seen as a good 
way to get youth involved in agriculture and produce more and better quality vegetables.

Fresh Green Ghana is a Dutch and private company funded project that seeks improve Ghanaian protected 
horticulture and supply for the urban population through data and knowledge sharing on production systems 
and gender, and through addressing post-harvest challenges. In this, it closely collaborates with growers. The 
project has been collecting information on growing conditions in relation to the ambient environment outside 
the greenhouse in a number of greenhouse production system. It also has obtained information on the transport 
conditions in post-harvest value chains, and on gender and youth aspects of the greenhouse production system.

HortiFresh West Africa is a Dutch funded program that seeks to achieve the goal of a sustainable and 
internationally competitive fruit and vegetable sector that contributes to inclusive economic growth, food and 
nutrition security. In the previous phase of HortiFresh, studies were carried out on the comparative analysis 
of open field versus greenhouse production, provided insightful knowledge on the sector. The projects would 
like to share and discuss this knowledge with a larger group of greenhouse growers and other stakeholders 
such as suppliers of greenhouses and other inputs, governmental representatives, extension officers, and 
representatives of the educational bodies. The projects hope that this stimulates the further development of 
greenhouse production systems that will contribute to the Ghanaian horticultural sector.

The aims of the roundtable meeting were to share learnings on optimizing greenhouse vegetable production and 
post-harvest value chains, and discuss gender integration in the greenhouse production system, leading to the 
development of roadmap and definition of further actions to stimulate improvements in greenhouses, production 
and post-harvest value chains.

Outline of the Roundtable
The roundtable commenced with a welcome by Hanson Arthur, HortiFresh and individual introductions by the 
participants present. He proceeded to provide a brief overview of the HortiFresh program and the previous 
project GhanaVeg to the participants. The welcome was followed by a keynote address by Mr. Amatus Deyang, 
Director of the Department of Agricultural Engineering of the Ministry of Food and Agriculture.

The keynote speaker, in his address presented the Government of Ghana’s plans to improve protected cultivation 
in country. He outlined the plans including trainings for 51 graduates in Isreal on greenhouse production and 
management. Greenhouses are being imported into the country and set up on farmers’ fields for use.

The objectives of the roundtable was presented by Zipphora Aseidu, Program Manager of Fresh Green Ghana.
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6Presentations

1. �Comparative Analysis of Existing Greenhouse Models in Ghana  
by Joep van den Broek of Resilience BV. 

Mr. van den Broek provided a cost-benefit analysis between the Dizengoff & Envirodome tunnel greenhouses. 
It was noted that based on the dimensions of the greenhouses, profitability can only be achieved between 
4 – 7 years. Details can be found in http://ghanaveg.org/wp-content/uploads/GhanaVeg_Business-Case-2_
Greenhouses.pdf?x42440 .

2. Greenhouse Expert’s Outlook presented by Jeroen Baas
Mr. Baas shared the ways Ghana can improve protected cultivation. He presented the current outlook being 
a small high –end market for greenhouses but faces competition from the regional market. He also proposed 
focusing on a niche market and growing it into steady market, consider the cultivation of local leafy vegetables 
and focus on the branding of greenhouse products. 

3. Perspectives from Private Sector by Mr. Selorm Agudu of Urban Jungle Agro
Mr. Agudu focused on the weakness and threats in the sector. He called for there to be a customized approach 
to greenhouse production for Ghana. He relayed that there is little to no knowledge on the greenhouses in the 
Ghanaian climate but rather imported knowledge which may not be best suited to the country. He also pointed 
out that the protocol suggested for greenhouse production does not translate into the Ghanaian situation. He 
called on MoFA to aid the farmers in combating key issues that are facing greenhouse farmers such as the 
problem of thrips in Sweet pepper production. 
One notable key action that Mr. Agudu spoke about was the formation of a Greenhouse Farmers Association in 
Ghana to serve the needs of producers using greenhouses in the country. 

4. �Experiences on Greenhouse Climate: Project results by Dr. Anne Elings of Wageningen UR 
Greenhouse Horticulture.

Dr. Elings focused on the factors that affect the temperature within the greenhouse. The presentation compared 
different greenhouse types, choice of materials, location and agronomic practices carried out within the 
greenhouse and its impact on temperature within the greenhouse. The greenhouses were located at different 
organizations in the Southern part of Ghana; Safi Sana in Ashiaman, Urban Jungle in Dawhyena, Agrimpact in 
Brekuso, University of Ghana in Legon and Premium Vegetables in Dodowa. He concluded that in order to reduce 
temperatures in the greenhouses, the owners or producers should consider the following; more ventilation 
capacity, location relative to the dominant wind direction, location, weather, type of screening, maintenance of 
crop transpiration into consideration. Overall, the use oflarger greenhouses should be considered. 

5. HortiFresh Greenhouse Financial Product by Rosina Obeng of HortiFresh.
This presentation was on a component of the HortiFresh programme with the objective of supporting companies 
in the Fruits &Vegetable sector with access to finance. There are two main components are financial products 
and individual component support. The financial products are the greenhouse financial product, vegetable input 
package, exporter-outgrower product and the solar irrigation production. The greenhouse financial product 
is aimed at producers who want to move from open field to protected cultivation or want to scale up on their 
greenhouse production. 

6. Learnings on Value Chains and Youth & Gender by Thomas Tichar of Wageningen UR Centre for 
Development Innovation.
This presentation reviewed the findings on a study conducted on the gendered differences in greenhouse 
production. It also studied the matching skills and interests of both males and females based on the market 
need. It concluded that there is some mismatch between training and greenhouse requirements, and that gender 
bias can on the one hand encourage managers to hire women, but on the other hand that gendered norms may 
keep women out of working in the greenhouse sector because of perceptions of it being a more male-oriented 
place. 

6	  �The presentations should become available at the website of the Food & Business Knowledge Platform (https://knowledge4food.net/

research-project/arf3-fresh-green-ghana/).
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General Discussion

1.	 Action Points
•	A broad case study that involves various greenhouse types should be considered.
•	One major issue is the low number of skilled greenhouse labour for greenhouse production. Labour can be 

obtained but there is no skilled training for greenhouse. There is the need for apprenticeship training. 
•	Change in educational system. Agriculture must be included in the curriculum from Junior high school to 

Senior high school level. The Dutch embassy is working with GIZ to restructure the curriculum at the farm 
institutes and agricultural colleges.

•	There is a proposal to develop a case study on the economic value of involving women in greenhouse 
production.

2.	 Suggestions
•	A suggestion was made of having young people trained in areas with climates similar to that of Ghana so 

they can learn greenhouse cultivation. 
•	A counter suggestion of rather bringing people to Ghana who understand our climate its impact on Ghana 

to make tailor made solutions that will work for our environment. 
•	Privatization of value chain services (private agronomy services) where young people are trained to deliver 

critical services.
•	The use of local materials in the construction of greenhouses, for example, the use of bamboo.

3.	 Wrap-up
•	There were strong reactions from the participants about the comparative analysis stating that it is not all 

gloom and doom as there are private sector individuals who are contributing immensely to the sector.
•	Greenhouses are high-impact, high output agriculture so the knowledge systems/access is key.
•	There are clear do’s and don’t in greenhouse farmers, but there is also a lot of needs to be based on the 

field experience. One example is temperature considerations.
•	Good examples of greenhouse operations exist in Ghana but the sector is still young. There is still more to 

learn.
•	Economic/ cost-benefit considerations are important. The research/data exists for sector actors to make 

informed decisions.
•	Access to finance support is available; HortiFresh provides the linkage to the financial institutions.
•	Greenhouse sector is emerging as a key area of youth employment and gender –sensitive horticulture, but 

there is need to consider the following:
-- Ownership by women and youth.
-- Research for other adaptable sources of raw materials; bamboo, wood etc.

•	Skills for young men and women – through mentorship or apprenticeship are key. Maybe instead of Israel, 
trainees can go for similar climatic zones

•	More local research is needed to build local knowledge/skill base.

Further Steps

Ghanaian greenhouse horticulture is in a distinctly different phase than a few years ago. The sector has 
gained experience, sometimes the hard way, resulting in a more realistic perspective on avenues for further 
development and on hurdles to overcome. Sector representatives are convinced that a sustainable development 
of the sector is possible, in which they are supported by the Ghanaian government and by existing and emerging 
support industries, training institutes and the educational system.



30 | WPR-928

Factors that influence sector development are, amongst others:
•	Benefits: market price development, market development for a diversity of crops.
•	Costs: low-costs greenhouses and installations, low maintenance.
•	Skills and knowledge: capable staff and management, at all levels in the industry; training programmes, local 

knowledge build-up.
•	Greenhouses: appropriate design that is suited to the Ghanaian climate; better assessment of environmentally 

and economically sustainability of greenhouse production system.
•	Crop management: realize good application of water and nutrients, good pest and disease management, good 

crop maintenance, etc.
-- Value chain: secure relations between grower and merchant, maintenance of product quality.
-- Youth: stimulate youth employment along the horticultural value chain.
-- Gender: remove gender mis-matches.
-- Collaboration: work along with farmers and their associations.

An action plan to further enhance greenhouse sector development would include the following elements:
•	Increase understanding of achieving a profitable greenhouse production system.
•	Strengthen the emerging Greenhouse Farmers Association, Ghana.
•	Develop greenhouse designs that fit in the Ghanaian climate and lead to environmentally and economically 

sustainable greenhouse production systems.
•	Establish a demonstration centre that evaluates different greenhouse options and can serve as a centre of 

excellence.
•	Improve the continuous availability of high-quality inputs.
•	Increase the levels of skills, knowledge and awareness.
•	Develop reliable value chains.
•	Stimulate youth employment along the value chain.
•	Deal with gender mis-matches.

There is already a wide variety of activities in the greenhouse sector in Ghana. Numerous growers run a 
greenhouse production system, mostly supplying to the high-end market, and with variable levels of success. 
Fresh Green Ghana and HortiFresh West Africa are Dutch-funded programmes that currently support sector 
development. Universities, Colleges and a number of companies (e.g., AgriImpact, AgriTop) are involved in 
research and training. Private companies (e.g., Dizengoff, Envirodome) are in the business of greenhouse 
construction and input supplies. The Ghanaian government is supporting development through, for example, 
the establishment of three greenhouse areas. Netherlands companies (e.g., GreenSpan) are placing their first 
greenhouses. MDK Flowers & Greens is active in Ghana since 2006.

All these activities are motivated by the firm belief that there is market demand for high-quality fruit and leafy 
vegetables in Ghana.

The sector will benefit from a coherent approach through a joint vision on the medium to long-term goals and on 
the short to medium-terms activities to be employed. A number of such activities will require support from both 
the public and private sector.
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