
Hot & Humid Climate Challenges
for Multifamily Affordable Buildings

13th Annual North American Passive House Conference

Boston, MA
Sept. 21-22, 2018

Energy Efficient Buildings

www.consinfra.com        www.eplusbuildings.com



Interesting Facts - Colombia

Sierra Nevada de Santa Marta

Caño Cristales
"The River of Five Colors"  

- The world’s most colorful river
- The tallest seaside mountain in the world 



Interesting Facts - Colombia

- Per square meter the most biodiversity 
of any country

- The most species of birds
in the world

- It is the habitat of more 
than 1754 species



Project Location
Cartagena - Colombia

Cartagena, a colonial walled city, is one of UNESCO 
world heritage sites.



Residential Condominium Puerto Madero, a 40 acre site located 
4.5 miles from the heart of Cartagena’s colonial walled city



Puerto Madero
offers up to 2250 multifamily housing units



Puerto Madero
First Phase

Presenter
Presentation Notes
4 towers of 6 floors with a total of 48 units per tower for a total of 192 units.  



Puerto Madero
First Phase

Presenter
Presentation Notes
Eight, 3 bedroom units per floor of 69m2 and 59m2 and one of 52m2 in the first floor



PHIUS Climate Specific Criteria

Presenter
Presentation Notes
Considering the PHIUS Climate Specific Criteria, then….



PHIUS Climate Specific Criteria

Very Hot
Hot
Warm
Pleasant

Some Cold
Cold
Very Cold

Presenter
Presentation Notes
Considering the PHIUS Climate Specific Criteria, then…. Because of its geographical location over the tropical zone, and given that it is crossed from north to south by the mountain system of the Andes, Colombia has many climates according to its altitude, which are practically constant throughout the year. This means that the most important characteristic when characterizing a region climatologically is according to its topography. This linked to other environmental factors creates the six natural regions of the country.In this great classification and division, it makes 27 different microclimates5 in which humidity and rainfall intervene widely throughout its 1,141,748 km².



USA PHIUS+ 2015 Building Criteria

Heating Demand (Site): 1 - 12 kBTU/Ft2-YR
Cooling Demand (Site): 1 - 21.4 kBTU/Ft2-YR
Peak Heat Load : 0.8 - 5.4 BTU/Ft2-Hr
Peak Cooling Load: 1.8 - 8.9 BTU/Ft2-Hr
Total Energy Demand (Source): Beds+1 / 6200 kWh/PERSON-YR (Temporary) 

Beds+1 / 4200 kWh/PERSON-YR (Future)

Air Tightness: 0.05 cfm/gross sqft shell @ 50 pa                                                
0.08 cfm/gross sqft shell @ 75 pa

Presenter
Presentation Notes
The project falls into the extreme cooling demand threshold. The design indoor temperature has been selected at 77F (25C), which is good for the region if the relative humidity is controlled.
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		PHI

		Heating Demand (Site):		4.75 kBTU/Ft2-YR

		Cooling Demand (Site):		4.75 kBTU/Ft2-YR

		Peak Heat Load :		3.14 BTU/Ft2-Hr

		Peak Cooling Load:		2.54 BTU/Ft2-Hr

		Total Energy Demand (Source):		38 kBTU/SF-YR

		Air Tightness:		0.6 ACH @ 50pa (based on interior floor area)

		PHIUS Climat Specific

		Heating Demand (Site):		1 - 12 kBTU/Ft2-YR

		Cooling Demand (Site):		1 - 21.4 kBTU/Ft2-YR

		Peak Heat Load :		0.8 - 5.4 BTU/Ft2-Hr

		Peak Cooling Load:		1.8 - 8.9 BTU/Ft2-Hr

		Total Energy Demand (Source):		Beds+1 / 6200 kWh/PERSON-YR (Temporary) Beds+1 / 4200 kWh/PERSON-YR (Future)		To absorb the “shock” of the large increase in lighting and plug load defaults, the source energy limit was relieved to 6200 kWh per person per year, and can be tightened back to 4200 kWh in the future as is practical.

		Air Tightness:		0.05 cfm/gross sqft shell @ 50 pa                                                0.08 cfm/gross sqft shell @ 75 pa
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Site Specific Climate

Deg. F 1 2 3 4 5 6 7 8 9 10 11 12

Ambient 80.6 80.6 81.1 82.2 83.1 83.5 83.1 83.5 83.5 82.8 82.4 81.9
Dewpoint 74.1 73.6 74.3 75.7 77.2 77.4 77.0 77.4 77.2 76.8 76.6 75.6

Daily temp. variation (Fo) 9.5
Very Hot and Humid

And we found a difference between the ASHREA location’s climate data and the one 
generated by PHIUS based on the local airport meteorological data. A difference that 

has an impact in the sizing of the ventilation unit. So we went with the PHIUS one, 
that looks more accurate.

Presenter
Presentation Notes
From the PHIUS generated climate data base on the local airport meteorological station data, we can see that the ambient temperature is steady high and the Dew point is constant all year round on the oppressive range, above 74F. The daily temperature fluctuation is only 9.5 Deg. F, therefor not critical.
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		Deg. F		1		2		3		4		5		6		7		8		9		10		11		12

		Ambient		80.6		80.6		81.1		82.2		83.1		83.5		83.1		83.5		83.5		82.8		82.4		81.9

		Dewpoint		74.1		73.6		74.3		75.7		77.2		77.4		77.0		77.4		77.2		76.8		76.6		75.6

		Daily temp. variation (Fo)						9.5







Climate Comparison

Cartagena – Colombia
Latitude 10.4

Warren – Vermont
Latitude 44.2

Presenter
Presentation Notes
Justo give you a comparison point, Cartagena is located at latitude 10.4 Deg North, while a place in Vermont is 44.4 Deg. No.As you can see in the PHPP Climate tab, the South and North radiation curves in Cartagena (light & dark blue) cross over, while in Vermont they stay apart (yellow & blue). This shows how the sun crosses over in Cartagena. The radiation though is still more intense on the South face since we are still 10.4 Deg North



Cooling Demand Comparison

Cartagena – Colombia
Latitude 10.4

Warren – Vermont
Latitude 44.2

Presenter
Presentation Notes
From the PHPP Cooling tab, we can see that the Specific Cooling Demand also in Cartagena is intense and the summer heat losses are negative (heat is coming from the ambient), while in VT, the cooling demand is minimal while the summer specific heat loses are considerable and positive



Our Greatest Challenge

The local building practice against 
which we have to compete and one 
that does not take in consideration:

- Envelope Insulation
- Energy Efficient Windows
- Sanitary Ventilation



Most Relevant Design Factors

- Orientation
- Shading
- Air Tightness
- Ventilation & Air Dehumidification
- Internal Latent Heat Gains
- Structural Design Limitations
- Laundry Rooms Exhaust
- PH Components’ Cost



ORIENTATION

Presenter
Presentation Notes
The CPHC was present from the early stage of the urban design to influence the orientation of the development that would determine the buildings orientation



SHADING

South – March – 10 AM



SHADING

North – July – 10 AM

Presenter
Presentation Notes
This shows again the crossover of the sun



Ventilation Air Dehumidification

The best option in this case is a DOAS consisting of an 
ERV with a dehumification coil to supply cooled and 

dehumidified air at 55 F DB / 54.6 F WB

Presenter
Presentation Notes
Single ERV units in each apartment do not work because they cannot provide the additional dehumidification coil. A series of semi-central ERVs with dehumidification coils, one per floor or per two floors will require a dedicated mechanical room in each floor that will reduced the sellable area of the building and increase the sell price per ft2 compromising the already tough competitiveness of the project.



DOAS Sizing

- The mayor contributors to energy loss are the ventilation air and air infiltration due to 
their latent heat

- Therefor we need to determine the minimum ventilation volume possible to prevent 
over ventilating with high humidity air:

- PHIUS+ requirement calls for 18 CFM/person which at an occupancy rate of 144 
(PHPP calculates 87.6) occupants (3 per unit) gives a total of 2592 CFM

- The Energy Star minimums are for 48 kitchens @ 25 cfm each = 1200 and 96 
bathrooms @ 20 cfm each = 1920, totaling = 3120 CFM

- The recommended PHIUS rates, which run lower than this most of the time are for 48 
kitchens @ 36 cfm each = 1728 and 96 bathrooms @ 24 cfm each = 2304, totaling = 
4032 CFM

- The design airflow per PHPP with 48 kitchens and 96 bathrooms is 3955 CFM (6720 
m3/h) which modulated to 12 h standard operation and 12 h minimum operation come 
down to 2313 CFM (3929 m3/h)



DOAS Sizing

- A third approach was also analyzed, to have the DOAS treat the ventilation air and 
deal as well with the latent load of the infiltration air

- This calculation came to 1630 CFM (for 0.3 ACH) plus 982 CFM (for latent loads) = 
2612 CFM delivered at 54.6 F WB and 55F DB

CONCLUSION

- PHIUS+ = 2592 CFM

- PHPP = 2313 CFM

- THERMODYNAMICS = 2612 CFM

Therefore the requirement is 2600 CFM which at 80% 
operation rate of the DOAS, the 

DOAS capacity should be 3250 CFM
coupled with a 14 Ton Dehumidification coil



Ventilation Ducting

Presenter
Presentation Notes
This shows the ventilation schematics in half of the building. With the air coming down in a vertical shaft from the DOAS on the roof, which then is supplied and extracted to and from the apartment each floor



Ventilation Ducting

Presenter
Presentation Notes
This slide shows the balanced ventilation with supply and extract flows



Other Mechanicals

- Once the infiltration and ventilation air latent heats and internal 
latent heats are taken care of with the ventilation system, a small 
9000 BTU single source A/C unit or smaller can take care of the 
sensible heat of the aprtment, which added to the ventilation air 
cooling capacity totals 1 ton of cooling per apartment

The local practice for an apartment like this is to have
40,000 BTU (3.3 ton) of cooling capacity installed.



Structural Challenges

Thermomass 

Double Concrete Wall
with Sandwich XPS

Requires a Transition Slab for
Underground Garage

Presenter
Presentation Notes
The double concrete wall with sandwiched XPS, ideal for this climate, was the CPHC suggestion, but it was turned down by the structural engineers due to the requirement of a transition slab and the risk this present in an earthquake prone region.



Required Structural Approach

The structural design 
presents a challenge 
of uninsulated areas 
along the floors’ slabs



Required Structural Approach

Uninsulated floor sections

10 mm EPS insulated floor sections

Presenter
Presentation Notes
If modeled in PHPP the uninsulated floor areas will put us out of the certification threshold, while just 10 mm (0.4”) of EPS on this areas will be enough to be below the threshold 



Laundry Room Challenge

Air Infiltration Heat Losses

Due to local custom, a centralized common laundry room 
is not feasible, therefore individual laundry rooms must 
be installed in each of the 48 apartment, with direct 
exhaust venting

In cases of direct venting, the PHIUS Make Up Air 
calculator must be used to account for direct venting of 
the Exhaust Dryer

This provides a new CFM average and a new efficiency 
of the ERV down from the one specified by the 
manufacturer, negatively affecting the cooling demand



Components’ Cost Challenge

Windows
Double pane energy efficient windows come at 420% 
the cost of single pane conventional windows

DOAS System
Not required in conventional construction is an added 
direct cost to the Passive House proposal

Insulated Envelope
Not required in conventional construction is also an 
added direct cost to the Passive House proposal



Passive House Planning Package – PHPP
modeling comparison

Estimated if Passive House – 97% reduction in Cooling Demand & Load

Conventional Construction

Presenter
Presentation Notes
Compared to a conventional construction, the PH approach could reduce the cooling and dehumidification demand by 99% and the Primary Energy by 90%



Market, Education, and Sales Challenge

 Economic Benefits
 Health Benefits
 Quality Benefits
 Technology Benefits
 Other benefits

Presenter
Presentation Notes
The cost of air conditioning is included in the price of the apartment and that cost will be   Included and financed in the mortgage for 20 years.Reduction of energy consumption by 90%, leaving the construction ready to be Energy-Zero with renewable resources. No other product on the market offers this economic benefit.Greater increase in the value of the property for being an energy efficient building.Benefit in QualityThe components used for the development are of the highest quality which generates a reduction in  maintenance of the building.Thicker walls than traditional construction decreases noise between apartments and the outside. Technology BenefitLeading technology is being used in construction science, providing superior comfort to the inhabitants.Thermal bridges free construction prevents condensation surfaces and eliminates the possibility of mold growthOther benefitsEliminates dependence on fossil fuels and consequently a reduction in the carbon footprint that helps protect the environment and preserve Colombia's biodiversity.



Puerto Madero Passive House
How we are making it happen!

 Cost of land
 Team with proven track record. Three team members 

with over 30 each of expertise 
 Over 50% of equity capital is our own
 Manage the whole value chain leveraging efficiency 

while keeping costs low (architecture, permitting, 
project management, sales)

 Integrated project delivery (IPD) / Lean Construction 
 No traditional leverage (Crowdfunding has helped 

partially finance this project )



Financing Sustainable Development / 
Impact Investing

 The Grantham Foundation 
 Calvert Foundation
 Global Environment Fund
 KFW DEG
 French Development Agency 

 HBS Impact Investing Alumni Group

Presenter
Presentation Notes
Institutional Investors with a Focus on impact investing and in affordable housing investments, Sustainable Development, and/or have a climate change mandate



Thank you

Because we care about you saving money and living 
healthy, and care about the environment, our legacy and 

our future, we make 
energy efficient buildings.

Andrew Straus – astraus@consinfra.com
Enrique Bueno – ebueno@eplusbuildings.com
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