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Site Location
Rwanda, Central Africa

Total Area: 26,000 km2
Population: £ 11 million
Capital: Kigali

Equator
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“The Rwanda population is prOJected to'increase

from 10.5 million to 17 million in 2030”
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“Kigali’s master plan, prepared in 2013 by the

Singapore-based firm Surbana, projects the city
will be home to 4 m|II|on people by 2040”
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“Accordlng to a 2012 Clty of Klgall study, the
projected population increase and inadequacy
of much of the city’s current housing stock

mean Kigali will require 344,000 new housing
units by 2022.”
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Growth of Urban Area & Population in Kigali
Increased demand in housing and commercial

Population: #200,000 (1990) Population: #1,100,000 (2017)
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Rwanda Housing Authority
Integrated Development Project
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‘ Gikomero

| t Kigali City
Limits

4.432/4.433 | Modeling Urban Energy Flows: Towards Sustainable Cities and Neighborhoods | A New Neighborhood | Kigali, Rwanda



: School
. Workshops
Sports Fields
Health Centre
e : . -
i : : Commercial Centre
iz, 74 : Market
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RHA Unit Plan

3.5 Bedrooms
Outdoor Kitchen/WC

85 m2 total floor area

Cyclopean Stone
Foundation

Fired Clay Brick

\ Reinforced Concrete

Sawn Pine/Eucalyptus
Roof Frame

Corrugated Tin Roof
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Gikomero Master Plan

Phase one:
- 156 units
- 190 new residents

Added amenities:

ADDITIONAL - TeChnoIogy Hub
Bl oo - Additional Sports Fields
To BE DETERMLNED \
“ - New School
®
. - Cowsheds

Existing
Church

Health Post

\Pomn"\{ercial
\ \

\
\ \

Residential

GreeRQpace
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Gikomero Master Plan

Phase one:
- 156 units
- 190 new residents

Added amenities:

T - Technology Hub
RuLpe pomion - Additional Sports Fields
© RE DETERALNED \
, u - New School
B B = ®
j;, S e - Cowsheds

‘ Conded] &

Existing
Church

Block of 39 units
selected for analysis

Health Post

Green Space

~ xisting

Residential
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ADDITIONAL
RUILDINGS PoSITIoN
To RBE DETERMINED

Existing
Church

Health Post

Green Space

\
\Pomn"\{ercial
\ \

\

Residential
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ighting

Dayli

Comparison

MIT protoblock

RHA protoblock
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Lighting Usage across five days in January
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Ruwanda Housing Authoritory

SDL/Lighting

SDL/Equipment

19% daylight saving
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Thermal Comfort
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Thermal Comfort
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Thermal Comfort
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Cooling in 2080

27 «C 210,233 kwh

29 «C 117,773 kwh

31C ___ 56,962 kwh
33C ___ 28,958 kwh
35C __ 26,328 kwh
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25% winds are high-
er than 2m/s

1.80
0.90

... Most winds come
from the south

Wind-Rose

KIGALI_RW

1 JAN 1:00 - 31 DEC 24:00

Hourly Data: Wind Speed (m/s)

Calm for 0.61% of the time = 53 hours.

Each closed polyline shows frequency of 1.0%. = 88 hours.
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Abbildung 1: Simulation
0:01 23.06.2017
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Wind Ventilation Potential
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Max wind speed

2.86 m/s
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Peak flow
inside=
2.5m/s
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4433 Unit Plan

Ground Floor
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Embodied Energy

“Although operating energy accounts for a much higher portion of CO2
and greenhouse gas emissions during the building lifecycle [2,15,17]
(75%—-90% operational compared to 10%—-25% embodied carbon [14]),
due to the negligible operational energy in Ugandan low-income housing,
the embodied energy of building materials is key to evaluating the
environmental impacts of the low-income housing sector.”

Hashemi, Cruickshank, and Cheshmehzangi, “Environmental Impacts and Embodied Energy of
Construction Methods and Materials in Low-Income Tropical Housing.”

“According to Cabeza et al. [1], almost all available studies in the area of
Life Cycle Assessment (LCA) and embodied energy have been carried out
in developed countries, and there are no case studies in African countries.
Ramesh et al. [2] also mention that most available studies on LCA are
from “cold countries” where space heating is the major concern. There is
therefore a clear gap in the literature regarding the environmental impacts
and embodied energy of construction methods and materials in African
countries.”

4.432/4.433 | Modeling Urban Energy Flows: Towards Sustainable Cities and Neighborhoods | A New Neighborhood | Kigali, Rwanda



Electric Generation (15 yr analysis)
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Municipal Electric Grid On-site Diesel Generation Localized PV Generation
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Loads (not considering cooling)

Equipment Lighting

= R

p o —
@
1.1 kwh/family 0.2 kwh/family

Total = 1.3kwh/family or .325kwh/person
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Electric Grid (10,000 people)

Factors:

Distance to transport power to site - 8km S
Distance to transport power on site - 12km

cost of electricity - $0.32 / kwh

Installation Cost

mTo Site mOn Site

Cost of Electricity

$160,000,000
$140,000,000
$120,000,000
$100,000,000
$80,000,000
$60,000,000
$40,000,000
$20,000,000

$235,000

7 8 9 10 11 12 13 14 15

Time (years
Cost in U.S. Dollars (y )
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Diesel Generation (10,000 people)

Factors:

GENERAC

Diesel Generator Cost - $2,000,000 (for 200)
Distance to transport power on site - 12km
cost of fuel - $0.36 / kwh

Installation Cost

Diesel Generators On Site

Cost of Diesel Fuel

180000000

$235,000 160000000
140000000

120000000

100000000

80000000

60000000

40000000

$2,000,000 20000000

7 8 9 10 11 12 13 14 15

Time (years)

Cost in U.S. Dollars
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Solar PV Generation 4 people)

Factors:

Potential Solar Radiation Generation
Amount of PV Area Coverage - 10% roof area
cost of PV system and Battery
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Rwanda Sunpath
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Solar PV Generation 4 people)

Solar Radiation (kw)

Installation Cost - PV Storage kwh

Battery PV Panel System

1 2 3 456 7 8 910111213 14151617 18 19 20 21 22 23 24

Solar Radiation/m2 Roof Area PV Generation

PV Surplus and Deficit

Cost in U.S. Dollars ' Surplus Energy = Deficit Demand

1 23 45 6 7 8 91011121314151617 18 19 2021 2223 24

PV Generation kw Demand
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Energy Generation Normalized for 1 Person

Installation/person: Electric Grid ($35) Diesel Grid ($223) PV System ($2,750)

Normalized Energy Cost over 15 years

3 4 5 6 7 8 9 10 11 12 13 14 15 16

Municipal Grid Diesel Grid Solar PV

*not accounting for inflation or changes in price or technology
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Lifestyle
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Gikomero Current Master Plan

Cow Sheds

Open Space

Existing Existing Church
Commercial



Gikomero 4433 Master Plan

Cowsheds

Mid-Block Walks

Market Square

Retail Village

Sports Fields &
Public Open Space

Park Boulevard

Block-Scale
Open Space &
Workshops

Existing Commercial Existing Church






Community Building

Block-Scale
Open Space &
Workshops

Mid-Block Walk

Farming

Expansion Space
(Upper)

Expansion Space
(Lower)




Comparison: Daylighting
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— J ' East West orientation and
narrow floor plates increase
day lighting potential

4433
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Comparison: Density

RHA

4433
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2 story blocks
Increase density
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Comparison: Embodied Carbon
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Comparison: Walkability

EEEHERERFEEHE

%g@%%% 1 O avg. walkability score

RHA

%} | o oy 63 avg. walkability score
| - - —
~r . j e Shops, parks and pathways
within the block increase

reduces distance to amenities
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