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ABSTRACT: The “WHY house” is a critical response to a call for affordable, low-energy, single-family homes for the 

communities of New Orleans Louisiana, long after the devastating impact of Hurricane Katrina on August 29th 2005. 

The project was developed as an entry for an international architectural competition. Such competition had the 

requirement that the post-Katrina building codes should be met while the design should adhere to the Passivhaus 

Standard objectives. The proposed house is questioning the brief and the implementation of a Passivhaus in a 

subtropical climate. It aims to achieve a more flexible and adaptable design which would be more financially and 

environmentally efficient following passive design strategies.  
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INTRODUCTION  

New Orleans, Louisiana (NOLA) is one of the cities 

that has had experienced natural catastrophes in more 

than one occasion throughout its history. On August 29
th

 

2005, a series of events allowed the storm surge 

following hurricane Katrina to cause multiple breaches 

throughout the levee system along the canals protecting 

the city, becoming one of the greatest catastrophes the 

US and mankind have ever witnessed. One of the areas 

that were mostly affected was the Lower 9
th

 Ward 

neighbourhood.  

A natural catastrophe is sensibly identified as a tragic 

event, but in a paradoxical yet a prospective way it is 

giving way to an emergent condition. The emergency 

situation which follows the immediate catastrophic 

circumstances may shape a subsequent emergent 

condition, in terms of recovery and reconstruction. After 

seven years, what has the response been until now and 

how did this contingency shape the built environment?  

To this day, the most evident difficulty has been the 

considerable delay, and sometimes the complete lack of 

effective governmental response since the disaster. In 

reaction to this, numerous NGOs have organised aiming 

to help the affected citizens and revitalize the destroyed 

area. For example, among the numerous things they do, 

“Make It Right” and “Common Ground Relief” have 

been able to help the Lower 9
th

 Ward citizens rebuild 

their dwellings using sustainable strategies in their 

designs and construction methods. However, some 

unfortunate visible mishaps made during construction –

such as mistakenly oriented PV panels or inadequately 

raising the structures without lateral bracing- evidence a 

deeper problem: that reconstruction might have been 

rushed in order to recreate the familiarity of pre-Katrina 

conditions instead of strategizing a development that 

would emphasize the improvement of living conditions 

in a post-disaster area. 

The commendable effort made by these organizations 

has opened up a broader discussion: could this recovery 

effort be the excuse to “Build Back Better”? Could this 

effort –via non-profit organization and probably market-

oriented [1] [2], for-profit companies as well- be the 

catalyst to incorporate more sustainable & energy 

efficient construction in the US residential sector (which 

has traditionally been poorly constructed)? Could this 

mean a considerable reduction in energy consumption in 

the US, where 30% of all energy is wasted due to poorly 

environmentally conceived buildings (according to 

Energy Star)?  

Although hurricane Katrina hit NOLA before the 

beginning of the Great Recession in the US, the 

reconstruction process has taken much longer than any 

other preceding disastrous event. Starting over two years 

after Hurricane Katrina and taking a particularly sharp 

downward turn at the end of 2008, the Great Recession 

has added more restrictions which consequently 

conditioned the long term response effort. Nevertheless,  

the post economic crisis period has acted as a powerful 

incentive towards more sustainable solutions (such as the 

ones supported by the US Green Building Council and its 

LEED standard), which would not only drive the energy 

consumption down but also encourage environmental 

jobs and opportunities within the building industry [3].  

Among these efforts, the Passivhaus standard has 

been introduced rather timidly in the US. Among the 

efforts to popularize it, several architectural competitions 

have been called, one of which was the context in which 

this proposal was originated. Saving all the differences, 
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the approach taken consisted on a critical view of the 

brief, which called for a “Passivhaus for New Orleans” 

without taking into consideration that originally the 

Passivhaus standard was for latitudes with cold winters 

and cool or warm summers. Hence, the “WHY house” 

indeed questions the brief and the implementation of a 

Passivhaus in a subtropical climate, while aiming to 

achieve a more flexible and adaptable design that would 

be financially and environmentally efficient following 

passive design strategies.  
 

 

CLIMATIC FACTORS 

Weather and Comfort 

New Orleans’ latitude is 29º 57' north, placing right 

above the Tropic of Cancer. Its climatic classification 

according to the Köppen-Geiger classification map is Cfa 

humid subtropical. The mean monthly external 

temperature ranges from 12.3
o
C in January to 28.1

o
C in 

July and August (source: Meteonorm 6.1, data derived 

from the period 1996-2005). This provides an annual 

range of 15.8K, and suggests limited heating and cooling 

degree days. In particular, the mean monthly external 

temperatures during the warm months seem to remain 

within the calculated comfort band that was based on the 

Auliciem’s adaptive algorithm (Fig. 1). Although the 

extreme low mean winter temperatures can reach 8
o
C, 

their occurrence is rather occasional. In addition, the high 

levels of horizontal global radiation during all year 

account for sufficient solar heating design potential 

during cooling design days. Looking now at the warmer 

months, the extreme summer temperatures can even 

reach 35
o
C, with expectancy to go beyond the calculated 

comfort zone. Further to this, the biggest problem 

suggested by the weather file and from empirical 

evidence is the high levels of mean relative humidity that 

remain almost constant during the year and range 

averagely from 69 to 76%, occasionally reaching a peak 

of 100%. Thus, the weather analysis dictates design 

strategies that focus on sufficient solar protection and 

enhanced daytime comfort ventilation (natural) that 

would allow for as much air exchange rate as possible in 

order to create a sense of comfort.  

 

 

 
Figure 1: Mean monthly weather data (source: Meteonorm 6.1)  

 

 

For example, we can assume that when the outside 

temperature and relative humidity at 6am are 20
o
C and 

100%, respectively – a typical condition for NOLA in 

summer -, the air inside the house is thought to be at the 

same temperature/humidity as the outside air when the 

house has been well-ventilated overnight. In a leak-free 

construction and after capturing the air in the house, the 

outside conditions are expected to deteriorate to 32
o
C 

and 90%. At this point, the air temperature inside the 

house is assumed to be rising to 27
o
C due to heat 

conduction through the walls and roof. The 

psychrometric chart is showing that the RH of the air at 

that point falls to about 72%. With moderate airflow, 

such as that provided by a ceiling fan, those conditions 

would be well within the comfort zone. Thus, by 

manipulating the airflow, minimizing the introduction of 

heat and water vapour into the house by capturing cooled 

air and with sufficient solar protection that prevents 

radiant temperature from rising above air temperature, 

the house can be kept comfortable, even when occupants 

are performing medium activity. The acceptability as 

shown in Fig. 2 is more than 80% (5.2%<PPD<15.3%), 

benchmark provided by the ASHRAE Standard 55 [4], 

based on an adaptive model of thermal comfort.  

The predominant winds during the crucial spring, 

summer and autumn period, when mid and high 

temperatures could become unpleasant due to high RH 

rates, show a higher frequency from directions close to 

±45
o
 south-north axis as the wind roses indicate in Fig. 3.  

 
 

 
Figure 2: Comfort studies using Comfort Calculator Squ1. 

Under the given conditions, the PPD remains <20% by 

increasing air velocity (left), even when occupants are 

performing medium activity (right).  

 

 

 
Figure 3: The wind roses for summer and mid-season months 

are showing the high frequency on the north/south arcs. (Tool: 

Weather Tool) 
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Justify orientation 

The predominant east-west orientation of the existing 

urban fabric does not favour passive solar heating, as low 

winter south sun angles are likely to be obstructed by 

neighbouring buildings. Nevertheless, given the level of 

devastation at the affected area, some relative freedom in 

regard to plot division and reconstruction rearrangements 

is presumed and proposed in order to optimize the energy 

performance by using passive design strategies.  

Consequently, a north-south orientation is proposed for 

all lots, keeping proportions similar to the existing ones, 

which traditionally were based on the elongated 

configuration of the shotgun house typology.  

 
 

DESIGN AS PER ENVIRONMENTAL AND 

TECTONIC REQUIREMENTS  

Following the idea that geometry manipulation could 

offer improved environmentally responsive results, the 

design of the “WHY house was strategized following 

four distinctive design moves (Fig. 4). 

1. Break the deep building pad by creating a shared 

courtyard every two houses. This will allow for 

shallower plans which are more suitable for 

daylight and cross ventilation. 

2. Stratify the different construction types according 

to the flood risk (as previously established by 

hurricane Katrina). 

3. Optimize the building area by manipulating the 

geometry. 

4. Optimize the building envelope by manipulating 

the geometry following the site’s Solar 

Geometry. 
 
 

 
Figure 4: Form finding evolution following solar and tectonic 

preconditions 

 

 

Please refer to the nomenclature (T,S,V,A, etc) on Fig. 5 

as they are enumerated in the following paragraphs. 

 

Hurricane tectonics 

T1. As per post-Katrina Building Code requirements, all 

buildings need to be elevated 5’ (~1.5m) above grade. 

T2. The maximum flood height reached after Katrina 

hurricane between 8/30/2005 and 9/1/2005 was 3‘ (~1m) 

above sea level, according to the USGS data. The lowest 

grade level of the Lower 9
th

 Ward area goes to a 

minimum of 10’ (~3m) below sea level. Consequently, 

13’ (~4m) above sea level is used as a benchmark that 

defines the material change level (heavyweight 

construction below this point, lightweight above this 

point) and the height of the slab of the upper floor (see 

also Fig. 4, based on [5]). The heavyweight construction 

is impervious in order to minimize damage by water.  

T3. The bedrooms are placed on the upper level to avoid 

any sudden flood hazards and as a measure of escape. 

 

 

 
Figure 5: Environmental and tectonics strategies in section 

 

 

Solar Studies and Solar Protection (refer also to Fig.6) 

S1. The building envelope is angled at 70
o
 on the 

southern sides in order to create an optimized fixed 

shading from April 10
th

 to September 10
th

.  

S2. The building’s rear roof is optimized at 26
o
, very 

close to the 30
o
 optimum tilt for PV panels in NOLA. 

S3. The roof pitch is angled at 36
o
 equal to the minimum 

VSA for the surface that incorporates the PV panels (as 

per S2), so that they stay unobstructed during all year. 

S4. At the main living area, the windows are tilted 16
o
 on 

the vertical axis towards solar orientation (south). The 

building form is as well providing optimum permanent 

shading from April 10
th

 to September 1
st
. 
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Figure 6: Overshadowing studies using Ecotect 

 

Ventilation  

V1. The house is elevated to catch the breeze above local 

obstructions while also enhancing the stack effect. 

V2. Given the increased solar radiation on this latitude, 

the roof surface has a higher reflectance (0.5) than the 

standard and its insulation (U-Value 0.17W/m
2
K) is 

higher than the one within the walls. Keeping the MRT 

(Mean Radiant Temperature) low is twice as effective as 

maintaining the WBT low during summer. 

V3. North-South walls hold all openings and allow cross 

and stack natural ventilation. 

V4. Major openings are placed within 45
o
 of the 

prevailing summer wind direction (15
o
 NW). 

V5. Low-power, low-velocity ceiling fans for days of 

low frequency of winds provide physiological cooling. 

V6. Floor ventilation inlets enhance the stack effect 

providing fresh air from the shaded, ventilated under-

floor. 

 

Daylight  

D1. Use of light colours inside the spaces will increase 

the IRC (Internal Reflective Component) and contribute 

to the better distribution of daylight.   

D2. Sufficient illuminance levels (>300lux at a working 

plane height in main room and >100lux for staircase and 

corridor) is achieved at the worst case scenario 

(December 21
st
 with overcast sky). 

 

Passive (solar) Heating  

H1. The orientation is optimized towards the N-S axis 

and North-South walls hold most large openings with 

optimized south window type (double glazed low-E) and 

size (window area) for passive solar heating. 

H2. Benefit from high internal gains of the kitchen 

during winter by placing it towards non-solar facade 

(north). This position is also contributing to the reduction 

of overheating hours during summer as it is not receiving 

any additional solar gains.  

H3. The open plan is allowing for unobstructed cross 

ventilation during summer and better heat dissipation 

during winter. 

H4. The exposed walls, roofs and floor are optimally 

insulated reaching U-Values: exposed walls = 0.26 

W/m
2
K, roof = 0.18 W/m

2
K, exposed floor = 0.22 

W/m
2
K. 

H5. For daytime rooms (living, kitchen, dining and 

office) a heavy-weight concrete construction may insure 

indoor temperatures close to the day’s minimum. Light-

weight wooden construction for night-time rooms should 

allow higher and quicker air temperature fluctuations 

during the day, allowing for the thermal zones to be 

unconditioned when not used.  

 

Additional Strategies  

A1 The incorporation of PV panels is facilitated by 

designing part of the roof at optimized angle (see solar 

studies and solar protection) and providing sufficient 

space equal to 520 sf (~48m
2
). 

A2. Including an office space in the house is contributing 

to the reduction of transport use and thus minimization of 

carbon emissions. 

 

ERV vs. Dehumidifiers 

The Passivhaus standard specifies the use of Energy 

Recovery Systems. Energy recovery ventilation systems 

usually cost more to install than other ventilation systems 

and are generally more maintenance intensive and often 

consume more electric power. Also, there has been some 

controversy about the use of these ventilation systems 

during humid, but not overly hot, summer weather [6]. In 

mild climates, the cost of the additional electricity 

consumed by the system fans may exceed the energy 

savings from not having to condition the supply air. 

Thus, as an alternative, the use of active dehumidifiers 

and/or desiccants renders more appropriate for this kind 

of climate, for humidity control.  
 
 

THERMAL ASSESSMENT 

The house in its initial form was modelled in EDSL 

TAS, taking into account all the above mentioned 

environmental considerations. After the simulation runs, 

the annual base case energy consumption is reported at 

10.3kWh/m
2
 and 17.7kWh/m

2
 for heating and cooling 

demand respectively.  

According to the simulation results, the heating load 

appears to be very close to the Passivhaus benchmark 

(15kWh/m
2
 per year). However, the internal dry bulb 

temperature is below the lower comfort target (19
o
C) for 

more than 25% of the year. The optimization of north 

facing openings, the optimization of the overall window 

to floor ratio and the detailed construction specification 

were able to bring the heating loads down to 4.7kWh/m
2
 

per year (Fig. 7). Although the exposure of the building 

is as high as 4.5 (= exposed / floor area) due to the 

prescribed typological restrictions, a mean Heat Loss 

Coefficient (HLC) per square metre floor area of 1.82 is 

achieved. The shape of the building is making the most 

of the solar radiation availability while at the same time 
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capturing the useful solar gains by minimizing heat 

losses through conduction. 

  

 
Figure 7: Energy demand (heating and cooling requirement) 

before and after the final operational modifications (tool: 

EDSL TAS) 

As regards the summer strategies, a consideration has 

been given to more effective solar protection as well as 

enhanced natural ventilation. With this objective, 

different ventilation modes were tested in the 2D CFD 

simulator Ambiens. It was evident (Fig. 8a) that in the 

case of the upper floor bedrooms, stack ventilation is 

lowers resultant temperatures, when compared to cross 

ventilation. In addition, the open space in the lower floor 

– kitchen and living room – is achieving lower resultant 

temperatures at the occupants’ level when smaller inlets 

allow for air to enter the space from the shaded ventilated 

under-floor when compared to bigger inlets from the 

south facing opening (Fig. 8b). The application of those 

modes is able to reduce the cooling demands by 25%. 

Moreover, additional operable shading devices at the 

south facing windows act complementary to the self-

shaded building form and are able to drive the cooling 

loads down by another 45% (Fig 7).  
 

 
Figure 8: Resultant Temperature variations for different 

operational modes of openings resulting from CFD simulations 

(tool: Ambiens) 

 

 

Under free running conditions (Fig. 9) – i.e. assuming 

that there is no mechanical support for either cooling or 

heating input – the average internal dry bulb temperature 

is well kept within the comfort band during winter and 

mid-season times (thus explaining the low heating loads 

in the previous run). The internal RH is also well 

regulated with the average rate maintained at around 

60% during all year, regardless the extreme fluctuations 

of the external RH that very often exceed 80% reaching 

even 100%. There is still a 17% period during which 

temperatures exceed 29
o
C in summer, but they never go 

beyond 33
o
C. For such warm days of low frequency of 

winds low-power, low-velocity ceiling fans are provided 

in order to provide physiological cooling. 
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Figure 9: Dry bulb temperature and RH variations during an 

average summer, mid-season and winter day for a building 

simulated under free running conditions, i.e. without any 

mechanical heating or cooling (tool: EDSL TAS) 

 

 

DISCUSSION AND CONCLUSION  
The present paper is taking the post-Katrina example 

in NOLA as the necessary background in order to reveal 

the current conception of sustainable design and dwelling 

in the current context of the US. The “WHY house” 

(Fig.10) is suggesting a less robust design approach, as 

opposed to the mainstream perception of what 

sustainable construction methodologies consist of. The 

design process of the “WHY house” primarily aimed to 

explore form-finding and materiality specification of a 

single-family house, their effect on the thermal and 

visual comfort ranges within the building while adhering 

to post-Katrina code restrictions. First, the breakdown of 

the environmental factors shaped the parameters that 

affected the energy performance of single family houses 

in New Orleans, LA. Thus, the evolution of the 

suggested design is challenging the uncritical authority of 

the Passivhaus Standard -as given by the brief 

description- in an area with very diverse climatic 

conditions and greatly differing the ones the Standard has 

been generated for. The success of the Standard’s 

implementation is doubtless in terms of resulting energy 

consumption, but conversely the “WHY house” is 

suggesting a more adaptable and flexible design, less 

insulated / airtight than the original Standard and with a 

better connection with the outside. In addition, the 

structural composition of the building is going beyond 

the limited post-Katrina code and it is goes for a further 

raise in the grade-to-finished floor elevation height of 

new buildings (should the construction be lightweight, 

and thus more vulnerable to flooding). Heat dissipation 

according to the internal layout, optimized heat balance 

with sufficient insulation and material choices, solar 

control using fixed and movable shading devices and the 

enhancement of natural ventilation patterns are some of 

the environmentally related issues studied and applied 

onto the design itself.  

 

 

 
Figure 10: Final design views 

 

 

With the use of dynamic thermal simulation tools, it 

was proven that the building form alone is able to reduce 

the average energy consumption for a single family 

house considerably on this latitude. Nevertheless, it was 

the optimization of occupational and operational patterns 

that complemented the energy efficiency efforts of the 

given typology. The deployment of additional natural 

ventilation and solar control modes drove the energy 

demand lower than the Passivhaus Standard, thus 

stressing the critical impact of living habits and 

reconsidering the consequences of a strong dependence 

on mechanical support. In times of financial crisis 

http://www.alternet.org/katrina/34119/
http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11900
http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11900

