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     Abstract: Climate responsive building has become one of the 
most effective approach to achieve sustainability in buildings. 
With the modern various innovations and diversified 
sophisticated technologies available nowadays in the building 
sector, people are tending to adopt all of this latest cutting-edge 
technology available on the building construction market 
regardless of the requirements of their building’s project local 
climate. In this research study climate consultant software (an 
energy design tool) was utilized to give an appropriate 
understanding of Gisenyi climate and to eventually establish 
building design strategies matching with Gisenyi climate. The 
outcomes of this research work show that it is needless to adopt 
active or mechanical design strategies for Gisenyi climate as for 
this type of climate thermal comfort zone of the occupant can be 
best achieved through the implementation of only passive design 
strategies.. 
     Keywords: Gisenyi climate, Psychrometric chart, Thermal 
comfort zone, Building design strategies, Climate responsive 
building, Climate consultant software. 

I. INTRODUCTION 

Being one of the most touristic places of Rwanda, Gisenyi 
is rapidly becoming a hub of the modern building 
construction techniques and home of various prestigious 
hotels. With this boom in the construction sector proper 
sustainable designing plan has to be envisaged so that these 
new buildings can be able to respond and match to the 
climate of Gisenyi and therefore making Gisenyi achieve a 
long term sustainable development in the building sector. 
Having a monthly average temperature ranging between 
eighteen to nineteen degree Celsius, Gisenyi is located at 
an elevation of 1549 meters and its latitude and longitude 
coordinates are 1.677o south and 29.259o east respectively. 
 The purpose of this study is to understand the local climate 
of Gisenyi using the energy design tool (climate consultant 
software) and then establishing building design strategies 
appropriate to this type of climate by the help of the same 
energy design tool used in understanding the climate. 

II. OBJECTIVE 

The objective of this research study is to have a proper and 
detailed understanding of Gisenyi  
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climate pattern and to eventually establish climate 
responsive building design strategies specific to the local 
climate of Gisenyi for achieving a long term sustainable 
development.            

III. METHODOLOGY 

For carrying this research work the energy design tool 
known as climate consultant software was utilized to 
understand and visualize the various attributes associated 
with Gisenyi climate and finally for providing the design 
strategies specific to Gisenyi local climate. These specific 
design strategies for Gisenyi climate were obtained from the 
psychrometric chart, which is animportant tool available for 
understanding and establishing thermal comfort of the 
occupant. Climate consultant software offers four thermal 
standard comfort options based on which thermal comfort of 
the occupant is defined. In this research work the ASHRAE 
standard 55 was selected for defining the thermal comfort of 
the occupant. The climate data of Gisenyi used in this 
research work were obtained from climate.onebuilding 
which is another source of weather data available in climate 
consultant software.  

IV. UNDERSTANDING THE LOCAL CLIMATE OF 
GISENYI BY THE HELP OF CLIMATE 

CONSULTANT SOFTWARE 

Climate consultant software is a great energy design tool 
which help visualize different attributes of any climate along 
with their graphical representation which make it even more 
easier to interpret and understand the climate pattern of the 
location under consideration.  Therefore under this section 
variation of different attributes of Gisenyi climate such as 
temperature, relative humidity along with temperature and 
sun shade will be displayed on their respective chart for the 
purpose of visualizing the way they vary during different 
months of the year and to also further help in providing a 
design response. Finally the psychrometric chart will be 
displayed along with the required design strategies for 
Gisenyi region. 

4.1 Weather data of Gisenyi to be analyzed 

The following figure is a screenshot of all climate data of 
Gisenyi involved in this study through climate consultant 
software. 
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Figure 1.  Gisenyi climate data 

4.2  Gisenyi  temperature variation 
This plot gives an understanding of how the temperature of 
Gisenyi varies throughout a whole year. 

Figure 2.  Gisenyi temperature variation 
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Brief comments 

 The annual mean temperature is very close to the comfort 
zone which is a good indication that in this type of 
climate, passive design strategies can be applied for 
achieving thermal comfort of the occupant. 

 4.3   Temperature against relative humidity 

This chart is useful in terms of understanding thermal 
comfort of the occupant as these both variables are factors 
considered in establishing the thermal comfort zone of  the  
occupant.

Figure 3. Temperature against relative humidity

Brief comments 
 Green dots represent relative humidity and yellow dots 

represent temperature 
 As defined on the legend which is displayed on the left 

side that the comfort zone should enclose an amount of 
relative humidity close to 50%, this type of climate shows 
the presence of excess moisture in the air which might 

require some dehumidification techniques for reducing the 
amount of this moisture present in the air. 

 4.4   Gisenyi  sun shading plot 

Once this chart is well understood the user can provide a 
design response which consists of shading of windows 
(preventing windows to be exposed to sunlight) or keeping 
the windows exposed (for allowing the sun light to reach the 
interior of the building). 

Figure 4.  Gisenyi sun shading plot 

Brief comments 

 The red and yellow dots indicate hours of the day that 
require shading to prevent overheating and blue dots 
indicate hours where windows have to be kept exposed to 
sunlight  to prevent cold in the interior of the building. 

 The area shaded in grey that is exactly the same area that 
would be effectively shaded by a shading device provided 
by a design response. 

 For horizontal shading: An angle of 45o measured from 
the bottom of the window will be required to keep most of 
the hours in the comfort zone. 

 For vertical shading: An angle of 60o from north to west is 
needed.  
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4.5   Gisenyi  Psychrometric  chart 

This is one of the most useful graphic tool available in 
climate consultant software that enable the user to identify 
design strategies to achieve thermal comfort. On this 
psychrometric chart the task of the user is to select the least 
number of design strategies for achieving a high level of 
thermal comfort. A list of sixteen design strategies is 
displayed on the psychrometric chart but it does not 
necessary mean all of the displayed design strategies must 
be applied to that type of climate. Selection of the least 

number of design strategies which will still provide a good 
level of thermal comfort is recommended for making 
climate responsive building economical. In this research 
work the “show best set of design strategies” feature present 

in climate consultant software was used to display the least 
number of building design strategies for Gisenyi 
climate.The chart below displays a suitable set of building 
design strategies appropriate for Gisenyi climate for a whole 
year and the area enclosed in blue color represents the 
thermal comfort zone of  the  occupant.  

Figure 5. Gisenyi psychrometric chart 

V.  RESULTS AND DISCUSSIONS 

From Gisenyi psychrometric chart which was obtained by 
analyzing climate data of Gisenyi through climate 

consultant software, the following building design 
strategies were found appropriate and required specifically 
for the climate of Gisenyi. 

Table 1:  Gisenyi building design strategies 

Sr no 
Types  of   

design strategy 
Required  Gisenyi 

design strategy 
Explanations 

1 
Passive cooling 
design strategy 

Sun shading of 
windows 

 

As seen on Gisenyi sun shading plot, an angle of forty five degrees was required for providing 
horizontal shading and a sixty degree angle from north to west for vertical shading. 

By applying this cooling design strategy of sun shading of windows, it will help in maintaining the 
indoor ambient temperature into the thermal comfort zone. 

 

2  
High Thermal mass 

 

This design strategy implies that by adopting high mass construction techniques which consists of 
using materials that have the ability to retain or absorb heat (but to also release heat whenever 
required), such as blocks made of concrete, stones masonry will result in reducing the indoor 

temperature whenever there is a tendency of exceeding the thermal comfort zone of the occupant. 
 

3 

Passive heating 
design strategy 

Internal heat gain 
 

This design strategy relies more on the building design (especially the envelope part of the building) 
and can be much more efficient if the building is given proper insulation in order to accumulate and 

keep the extra heat generated from people’s equipments inside the building or even from the 

lightning sources available in the interior of the building. 
 

4 
Passive solar direct 

gain high mass 
 

This design strategy depends mostly on the orientation of the building’s windows in order to capture 

maximum amount of solar heat. As Gisenyi is located in the southern hemisphere, this implies that 
building orientation has to face in the north direction to maximize solar heat gain. This building’s 

windows orientation is also proved on Gisenyi sun shading plot (figure 4) where the sun’s bearing 

angle is facing in the north direction. 
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5  
Wind protection of 

outdoor spaces 
 

Implementing this design strategy would help in preventing outdoor cold winds which could affect 
and disturb the indoor thermal comfort of the occupant. This wind protection of outdoor spaces is 
considered as a design strategy because the standard thermal comfort model used in this research 

work (ASHRAE standard 55), assumes that the thermal comfort zone of the occupant relies partially 
on the outdoor conditions as the windows are free to be closed or opened. 

 

6  
Dehumidification 

only 
 

This design strategy reinforces again the relationship of temperature against relative humidity chart 
seen above (in figure 3), where the presence of moisture in the air throughout the whole year was 

significantly above the accepted range (50 % relative humidity for comfort zone). Therefore in this 
type of climate even though the indoor temperature is within the thermal comfort range, 

dehumidification techniques once applied would significantly improve occupant’s satisfaction. 
 

7 

Active  or  
system design 

strategy 

Cooling along with 
dehumidification if 

required 
 

This active design strategy might be required during period when the outdoor temperature is well 
above the accepted thermal comfort range and the surrounding air is also too humid. In this scenario 

lowering the temperature and removing the presence of moisture in the air would provide better 
thermal comfort to the occupant. 

 

8 

Heating  along  with 
humidification if 

required 
 

This heating and humidification active design strategy might be required in times when the outdoor 
temperature is well below the accepted thermal comfort range and also the surrounding air is too dry. 
In this situation increasing the temperature and providing additional moisture in the air would much 

better improve the thermal comfort zone of the occupant. 
 

VI. CONCLUSION 

After analyzing Gisenyi climate through climate consultant 
software and acquiring the      understanding of its pattern, it 
was found that most likely passive design strategies would 
apply best to this type of climate as seen on its 
psychrometric chart. The active or system design strategies 
of Gisenyi as shown on the psychrometric chart are very 
insignificant and they stand as optional strategies in case 
they might be required. Finally Gisenyi climate is one of the 
more comfortable climate based on its different graphical 
representations seen in section four of this paper, which 
infers that the thermal comfort of the occupant can be 
achieved through the implementation of only passive design 
strategies, thus saving extra money which would otherwise 
be spent on purchasing and installing unnecessary 
mechanical devices to provide thermal comfort of the 
occupant. 
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