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DATA GATHERING AS PART OF THE RP METHODOLOGY
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Data and information on land-use, urban structures, building types

- object remote sensing and field mapping (ground reference data)

Socio-economic, infrastructure, legislation/ requlation data and information

- data gathering within household surveys by means of questionnaires,
technical inventories on supply and disposal infrastructure,
organograms of legislation structures

Sector specific data on energy/ water/ food/ waste/ wastewater

- sector specific data gathering on household, industry, public &
commercial level and for urban agriculture/ food by means of
surveys, measuring, sorting analyses etc.

Data and information on material and energy flows

- comprehensive analyses of material and energy flows by means of
Material Flow Analyses (MFA) -2 -
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DATA GENERATION PROCESS OVERVIEW

Identification and Classification of

Land-Use, Urban Structures, Building Types WP2

object remote sensing and field mapping (ground reference data)

correlation lifestyle class +
building type

puilding types,
testing areas

Determination of  wr1

»| Lifestyle Classes

infrastructure
socio-economic data gathering (surveys)

Supply and Disposal Infrastructure Inventories;
Legislation Framework

inventories; organograms of legislation
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Determination of Specific Consumption/ Generation Patterns of HH

sector specific
data gathering
on household level

WP3

Sector Related Data — Industry, Public & Commerce
categorisation, surveys, measuring, sorting analyses

I revising and updating data sets

A
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Development of MFA Models for Supply and Disposal Sectors

visualising sector specific resources, current material and energy flows (baseline)

WP4

building types

socio-economy,

infrastructure
specific values
material flows
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REMOTE SENSING ANALYSIS
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Pre-Processing of Remote

Sensing Images

- Orthocorrection

- Atmospheric correction
(if applicable)

- DSM processing

Processing of Urban Indices <

'

Classification of Urban Structure

Types (USTs)

Classification of Building
Archetypes and Manual Editing
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REFERENCE DATA COLLECTION




Building Reference Data Collection EBERHARD KARLS
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Reference Data Collection

Rudimentary, Basic or
Unplanned Building

Local-Type
Building

Bungalow-Type
Building

Villa-Type
Building

Local Apartment-Type
Building

Modern Apartment-Type
Building

Hall
Special Structure

Outbuildings / Shack
D Cell Boundary

§ 1074 building reference points
8 collected during field work
i 11/2014, 06/2015 and 11/2015.

The boundaries are provided by
the National Institute of Statistics
Rwanda. The underlying satellite
image is a RapidEye scene
(2015-07-14). The RapidEye data
has been contributed on behalf of
the German Aerospace Center
(DLR) through funding of the

4 German Ministry of

4 Economy and Energy.

Map compiled by: Felix Bachofer

Version: 2017-01-20
SPONSORED BY THE

* Federal Ministry
of Education
and Research

-8 -
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IDENTIFICATION OF URBAN MORPHOLOGY
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Rule-based landcover classification
- Spectral bands
- Shape parameters
- Texture
-TPI
-NDVI
-And more...

Sim ]iﬁnttonof

building geometry
and removal of

artﬁwts

Rule-based classification of
building types
Btulding - Ground cover area
Archetypes - UST
- Bullding helght
- Roef material / colour
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URBAN STRUCTURE TYPES




Classification parameters: building density, floor-area index,

green index....
\
KMEANS SVM Rule-based
Unsupervised Supervised classification

clustering ) classification
Parameters Training data : S
Block 1: p1, p2, p3.... -> class3 Block 1 = class 4 T Green index > 0.5
Block 2: p1, p2, p3.... -> class6 Block 2 = class 7 \ B(Ia(f::l??t'a 1 02 b3 AND _
Block 3: p1, p2, p3.... -> class2 Block 3 = class 1 Block 2. E1 gz E3 Density <= 0.4

\ Block 3: p1, p2, p3.... | | «==---

USTs classification result

(ig
‘-,( -

S

Expert based refinement of USTs

Optional results -12 -
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Compact / large Open / small
Compact / mid-size * Large (industry)
Compact / small * Rural

Open / large * Unbuilt

Open / mid-size

The underlying satellite image is a RapidEye
scene (2015-09-15). Rapid Eye data has been
contributed on behalf of the German Aerospace
Center (DLR) through funding of the German
Ministry of Economy and Energy.

Map compiled by:

Dr. Felix Bachofer

University of Tuebingen, Department of Geosciences
N Version: 2017-06-13

SPONSORED BY THE

* Federal Ministry
22> | of Education
and Research

30°15'0"E
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BUILDING BLOCKS
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After an additional processing

step the data is supplemented by:

The number of buildings of each
identified building type

wm".‘m:”"*"‘" —

—

UST: Urban structure type

Mean plot size derived from cadastral data.
Number of buildings per block

Total built-up area per block

Mean building size per block

Ground Space Index (GSl): Share of built-up area in relation
to block area

Number of buildings per block area

Mean distance of all building of a building block in relation to
building density

Standard deviation of mean distance of all building of a
building block in relation to building density

Accessibility, measured by the mean distance to the closest
road network

Mean of the mean distance of all buildings to its’ four
closest neighbouring buildings

“‘Average Nearest Neighbour” in relation to block area. The
Nearest Neighbor Index is expressed as the ratio of the
Observed Mean Distance to the Expected Mean Distance.

Zone (Commercial Center / Urban /Rural)
Mean slope of building centroids per block
Total vegetated area

Share of agricultural used area

~Green Coverage Ratio (GCR): Share of vegetated area
I [ B
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BUILDING TYPE DELINEATION
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Building Types
Kigali

Building Types

Rudimentary-, Basic or
Unplanned Building

Local-Type Building
Bungalow-Type Building
Villa-Type Building

Local - Type Apartment
Modern - Type Apartment
Hall

Shack ¢ Outbuilding

Special Structure

The pie charts represent

the share of the number of
buildings for each building types
in a building block.

The size of the pie charts
depends on the total number
of buildings per block (log).

The Pléiades image covers
the central and densely built-up
part of the City of Kigali.

180,774 built-up structures

were identified and classified

to 9 building archetype classes
with an overall accuracy of 91 %.

A RapidEye image was used to
identify buildings in the sparsely
built and mostly rural areas of
Kigali. 92,837 were identified

with an overall accuracy of 83.6 %.

An overall number of 283,711
built-up structures were identified
by the combined methodology

The underlying satellite image is a
Pléiades scene (2015-08-09).

Map compiled by:

Dr. Felix Bachofer
University of Tuebingen
Department of Geosciences
Version: 2017-07-10
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Building Types

Rudimentary-, Basic or
Unplanned Building

Local-Type Building
Bungalow-Type Building
Villa-Type Building

Local - Type Apartment
Modern - Type Apartment
Hall

Shack / Outbuilding

Special Structure

The underlying satellite image
is a Pléiades scene
(2015-08-09).

Map compiled by:

Felix Bachofer

University of Tuebingen
Department of Geosciences
Version: 2017-02-10

SPONSORED BY THE
% Federal Ministry
&8 of Education

and Research
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Building type
Area of building footprint
UST: Urban structure type

Zone (Commercial Center / Urban /Rural)

Structure: Indicates if the building is
detached, attached, grouped or clustered.
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Number of Percentage Total area
buildings 9 (m?)

Class Name

RapidEye covered area
“Rudimentary”

Rudimentary / Unplanned

Local-Type
Bungalow-Type
Villa-Type

Local Apartment-Type
Modern Apartment-Type

Outbuilding

SUM Pleiades

Total SUM

Mean area
(m?)
60.3

92,937 100 % 5,600,397
152,955 80.19 % 11,065,142 72,3
1,165 0.61 % 333,536 286,3
24,812 13.00 % 5,051,583 203.6
5,681 2.98 % 1,545,743 272.1
858 0.45 % 461,350 537.7
225 0.12 % 198,513 882.3
4,742 2.48 % 2,530,147 533.5
160 0.08 % 5,717 35.7
176 0.09 % 53,740 305.3

190,774 100 % 21,245,471

26,845,868

283,711
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OUTLOOK REMOTE SENSING
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SOCIO-ECONOMIC HOUSEHOLD SURVEY




RAPID PLANNING

www.rapid-planning.net
[0 T e
APPROACH AND METHODOLOGICAL IMPLEMENTATION

o Development of a meta questionnaire for socio-economic household surveys

> Adaptation of the questionnaire to the regional context by considering local knowledge from Kigali

o On-site check of the preselected test areas (homogeneous building type)

» First rough socio-economic estimation of the test area considering local knowledge

o Conduction of survey in the test areas

» Tablet computer based survey, different blocks of questions

> GPS data and pictures of every surveyed building (later correction and identification possible)
o Analyses of the gathered survey data

» Quality check

> Selection of usable reliable data for analyses (specific household information, specific items, devices and features,
expenditures)

o Derivation of lifestyle classes (LC)

» Development of special evaluation procedure

o Linking LC to building types (BT)

» Linkage of building type and urban structure type to integrate location parameters

» Estimation of additional location parameters for further specification of building types
L e atie Rl e e T R R — . q—
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STRUCTURE AND CONTENT OF THE QUESTIONNAIRE:

o Housing and infrastructure

»  Questions about: number of floors, number of households, number of units, number of different uses, overall size of the plot, footprint of the house, access to the
structure, property of the house or flat, overall size of the flat, number of different rooms, private water tab, kind of toilet, sewage disposal
o Specificinformation on the household
» Questions about: number and age of family members, working family members, Ubudehe category and total financial resources
o Specific items, devices and features of the household
» Questions about: TV, flat screen, satellite dish, notebook, cell phone, household appliances (refrigerator, dishwasher, washing machine and further), air
conditioning, motorcycle, car, bank account and further
o Expenditures of the household
» Questions about: total expenditures, food and beverages, mobility, leisure, rent, electricity, water supply, waste disposal, charcoal, firewood, education /
school, college / university, health insurances, further insurances, support for relatives and further
o Food and buying habits
» Question about: frequency of street food, local restaurants, fast food, resort restaurant, frequency of eating meat, beer and further, distance to local
market, supermarket, from farm and further
o Earnings of the household
» Questions about: highest degree, profession, number of current jobs, characteristics of main job, total income of all jobs, rental income, support from
relatives
o Assessment given by the interviewer

» Personal estimation about socio economic classes, quality of the surrounding of the house, quality of the answers

L f i o i Rl i b "
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EXTRACT FROM THE DIGITAL QUESTIONNAIRE FOR KIGALI

(Android Tablet with GeoODK)

@ 525 [F)13:18

m GeoODK Collect > Socio-economic surv.. & ¥, H
1. Housing and infrastructure » 1.1 Housetype
1.1.1 Please select the housetype

Single family rudimentary/temporary building

Luxury Villa

Local type apartment

QW ¢ @ W 5% [Fh1318

v i

|m&

m GeoODK Collect > Socio-economic surv..

1, Housing and Infrastructure

1.4 Number of rooms

non 1 2 3 4 5 35

1.4.1 Bedrooms
1.4.2 Living rooms
1.4.3 Bathroom
1.4.4 Kitchen inside

1.4.5 Other rooms

We s [Fh1319

')

m GeoODK Collect > Socio-economic surv..  |&

3. Specific ltems, devices and features of the household » 3.3 Electric devices
3.3.1 Refrigerator

Yes No
3.3.2 Electric stove

Yes No
3.3.3 Dishwasher

Yes No
3.3.4 Washing maschine

Yes No
3.3.5 Boiler

Yes No
3.3.6 Solarwater heater

Yes No
3.3.7 Generator

Yes No
3.3.8 Aircon

Yes No

W o 5% [F) 1319

g GeoODK Collect > Socio-economic surv.. | v, 2

4. Expenditures of the household » 4.2 Expenses for housing and ancillary costs

4.2.1 Rent/ credit payment

(RWF)

4.2.2Per...
per week per month per year

4.2.3 Electricity

(RWF)

4.2.4Per...
per week per month

4.2.5 Water supply
(RWF)

4.2.6 Per...
per week per month

4.2.7 Waste disposal
(RWF)

4.2.8Per...

per week per month
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~ ADJUSTMENT OF GPS D oid Tablt with
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KIGALI 2016 GPS Points Test Area 4 Gacuriro
@ GPS Points Survey
@ GPS Points Pictures from Tablet

< Additional GPS Points (Mobil Phones)
% Adjusted GPS Points

2017 Seyboth (IUWA) - Sources: IUWA, Google, GADM
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SURVEYED AREAS KIGALI AND NUMBER OF INTERVIEWS

KIGALI 2016

Socioeconomic Survey

Identified and surveyed

test areas (TA)
(with number of
households)

D Test areas
[ city cens

ESRI Gray (light)

01: Agatare / Rwampara 132
02: Kimihurura 48
03: Kiyovu 35
04: Gacuriro 40
05: Rwezamenyo II 83
06: Nyabikenke 46
07: Kanserege 39
08: Nyamabuye 79
09: Kibagabaga 47
10: Kibagabaga 54
11: Kiyovu (Apartments) 6

Total: 609

ooooo
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METHQOD FOR GENERATING LIFESTYLE CLASSES OF HOUSEHOLDS
KIGALI

Household items Total expenditures Ubudehe class
(quantity of specific items) (per month/household)

Lifestyle points

Lifestyle classes

o  Summation of the three components
(Household items, Total expenditures, Ubudehe)
o Llfestyle pomts (LP) (1-4 LP X3 components = 3- 12 LP) of each test area

S niaiii =
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Household items
o 28 binar questions

o  Different categories (electronic Items, household items, mobility)

# 4 categories: 1. < 25 % answered with ,yes" 2. < 50 % answered with ,,yes”

3. < 75% answered with ,yes” 4. >=75% answered with ,yes”

Total expenditures

o Added results of 38 questions about different expenditures (food, mobility, energy, water, ...)
o All data calculated per household (standardised by)

total expenditures of household/month/ Vnumber of household members /
4 categories: quartiles

=

Ubudeheclass

o Classification of Rwandans based on economic status

#4 categories: one, two, three, four
LAttt
| e
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NUMBER OF AVERAGE LIFESTYLE POINTS  HOUSEHOLDS PER TEST-AREA
IN THE DIFFERENT TEST AREAS WITH AVERAGE LIFESTYLE POINTS
AND STANDARD DEVIATION

Number Average Standard
of HH lifestylepoints deviation

RN
N

N
N

10 132 5.27 1.21
£, 10.48 0.87
8 n 35 10.89 0.93
z ° A w0 10.78 0.86
= 4 T s3 7.9 1.25
§ ] 6 T 4.3 0.79
& 39 9.31 1.28
° Bl 4.85 0.64
4 I I N 7.98 1.69
, Il = 9.93 1.40
2 3 4 5 6 7 8 9 10 M n 6 11
test area
Related lifestyle class (LC) Lc1=average LP<6 LC 2 = average LP < 8

LC 3 =average LP <10 LC 4 = average LP >10
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TEST AREAS WITH LIFESTYLE CLASS (LC), BUILDING TYPE (BT) AND URBAN
STRUCTURE TYPE

4 (Gacuriro)

KIGALI 2016
Socioeconomic
Survey

LC calculated area (LCCA)

O a
O ez
[] ees
Y% Leca
Building Types (BT)
7 11
| B
M e128
BT3-A
BT3B

BT4

W

Urban Structure Types (UST)
. Compact/ large
[] compacty mid-size
D Compact/ small
[] varge (industry)
[] open/ targe

[ open/ mid-size
D Open/ small

[] open/ unbuit

D Sparsely built/ rural

(c) 2017 Seyboth (IUWA)
Sources: IUWA - Bachofer
(Uni Tuebingen) - OSM

: - E
o 8 (Nyamabuye) 9 (Kibagabaga) Q 10 (Kibagabaga)

4 o

Typical building in test area 4
L E o o i R e *
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ALLOCATION OF BTs IN TEST AREAS

100%

90%

80%

Building type (BT)

70% “f™ . Rudimentary/ Unplanned (BT1)
60% “BT2 - Bungalow-Type (BT2-A)

o “8127 -~ Bungalow-Type (BT2-B)

» 813 --- Villa-Type (BT3-A)

=e731 --- Villa-Type (BT3-B)
wsrs --- (Local apart.-type) (BT4)
- --- (Modern apart.-type) (BT5)

H BT5
10%

30%

0% n -
t1 t 2 t 3 t 4 t.5 t 6 t7 t 8 t9 t10 t.11

Number of buildings
Rudimentary 152,955 80.19%

24,812 13.00%
5,681 2.98%
858 0.45%
225 0.12%

RP: USTs and Building Types - Remote Sensing Workflow -Deliverables
2.7 & 2.8 - Case City: Kigali 2017/06 Felix Bachofer

test areas
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INTERSECTION OF LIFESTYLE CLASS (LC) FROM HOUSEHOLDS IN
KIGALI WITH BUILDING TYPES AND URBAN STRUCTURE TYPES

Nyamabuye
Test Area 08

Kigali
Socioeconomic Survey 2016

Urban Structure Types (UST)
I Compact / large
Compact / mid-size
[] Compact /small
[ Large (industry)
[ Open/large
[ Open / mid-size
[ 1 oOpen/small
| ] Open/ unbuilt
[[] sparsely built / rural
J Building Types (BT)
= sm1
Il sm2
] s13
BT4
/| Il sBT5
LC calculated area (LCCA)
o1
<& 2
= 3
W 4
100m
A (¢) 2017 Seyboth (IUWA)
Sources: IUWA
Bachofer (University of Tuebingen)
Google

st o Lswoftnatschttsalysen Hetlbeg oY

) - RAPID PLANNING i
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INTERSECTION OF LIFESTYLE CLASS (LC) WITH BUILDING TYPES
AND URBAN STRUCTURE TYPES

- v ; - o Kiyovu A
/ / Y Test Area 03
‘ _/ Y £ / Kigali
Socioeconomic Survey 2016
Urban Structure Types (UST)
[  Compact / large
[] Compact / mid-size
[] Compact / small
[] Large (industry)
[] oOpen/large
[] Open/ mid-size
[] open/small
[] Open/ unbuilt
[] Sparsely built / rural
Building Types (BT)
= sn
B s —>%R:4
[ on — s
] Bm
Bl TS
LC calculated area (LCCA)
1
2
3
4
0 100 200m
A (c) 2017 Se yb m (IUWA)
Sources: TUWA
Bachofer (University of fT bg )
Goor

Typical building in test area 3 IJUWA

RAPID PLANN|N_9“
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ALLOCATION OF BTs TO LCs LINKED WITH URBAN STRUCTURE
TYPES AND FURTHER LOCATION PARAMETERS (ZONE)

100%

90%

80%

7o% “BTL -~ Rudimentary 254

60% ®BT2  --- Bungalow (BT2-A) 130

50% =e121 --- Bungalow (BT2-B) 73

s wers  --- Villa (BT3-A) 96

- wsrar --- Villa (BT3-B) 50

o B Ekﬂocal apart.) (3)
e T odern apart.)  (3)

10%

0% - . . =

1 2 3 4

Lifestyle class
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FURTHER SPECIFICATION OF BUILDINGS

To get a good correlation of all buildings with the life style class of their inhabitants,
further specifications of buildings are necessary.

o Specification of building type (e.g. bungalow with two storey,)
building height

o Specification by urban structure type (refinement)
remote sensing

o Specification by location parameters

(zones of comparable locations ,,economic status” in residential areas)
on-site by local knowledge

Possible parameters:
land price, safety, inner-city location, urban infrastructure....

B T I P i T T
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Team Socio-Economic Data Gathering Activities
Kigali, Sept. 2016

¥
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SECTOR-SPECIFIC DATA GATHERING
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DATA GATHERING & ANALYSIS IN KIGALI
* Households (IER)

* Target group: households
* Industry (IUWA)

» Target group: manufacturing sector (>100 employees)
e Public & commerce (IUWA)

« Target group: facilities such as shops, restaurants, schools, etc.

Goal: Develop and test various methods to gather specific data (e.g. per capita
energy consumption or per employee water consumption) in the case cities to assist
cities worldwide with a quick and reliable data gathering method

EE— | - L mmw
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HOUSEHOLD SURVEY: CONCEPT

Aim: determine consumption/generation patterns for sectors energy, water, waste, waste water
and food, based on household/building types

Methodology

1. Data collection by means of an interview with questionnaires (using tablets to reduce transfer
mistakes, local assistants for translation) in the WP1/2 testing areas

2. Consolidation of results with field measurements, 24 h recall and expert interviews e.g. for
solid waste (field measurements with COPED),

3. Letting people make a (daily) inventory list over a period of time, e.g. for food purchase

Restrictions / Challenges for questionnaires
* To cover all sectors and keep it short simultaneously (interview time < 30 minutes)
* Seasonal/weekly variations must be regarded
» Proof of validity often difficult (missing electricity or water bills)

* Answers heavily depend on willingness to participate

L e Rl e R = il
e
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HOUSEHOLD SURVEY: METHODOLOGY

Sector specific survey (Task 3.1)

| —

s | sniiin Compile questionnaire with
questionnaire- , :
Step 3k based interviews in
defined testing area

measurements

' o _ " Yes
- Data analysis

“Uncertain, ~
unreliable or
. inadequate -

= rdata_?' e

seasonal
fluctuations?

No

Define scope of survey
i Finalise survey

Conduct further surveys to
clarify issues
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METHODS USED IN KIGALI

*  (Questionnaire survey

e 728 Households, 20 - 40minutes/household
* Food inventory survey peaae | il IR

Consumption patterns in the residential sector in Kigali, Rwanda

1. Surveyor (name):

e 70 households, 15 days b o
* Solid waste characterisation survey Cwm

{be as precise as possible, if you can't say anything about the amount write “2” or another unit)

[ Grains / cereal products kg
* 60 households, 4 weeks .
' [ Fruits kg or piece(s)
[ Vegetables & salad kgor piece(s)
[ Dairy products kgor _______litre(s)
[ Fresh meat and meat products kg
[ Fish kg or piece(s)
O Eges piece(s)
Ol Fats / oils kg
O Nuts ke
O pulses ke
[ Convenience food (e.g. cans) kgor piece(s)
[ Soft drinks & juices o litres
[ water bottles ——litresor bottles (Bottle size: litre)
L Other Beverages (e.g. tea, coffee) litres
[ Others (please specify)
7. How much is paid for food and in your today? RWF
8. Ifyou buy rice in big sacks: How often? ;Howmuch __ kgfsack
9. How often do you buy oil? ; size of bottle litre

Food inventory
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IMPRESSIONS OF SURVEY PREPARATION AND EXECUTION

Training session with field assistants, Kigali Interviewee 1 Interviewee 2

Rudimentary building Bungalow

Apartment

L p o e ek i Rl e b - i . ™
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CLASSIFICATION OF SAMPLE SIZE

8 Uom
5 oL
5 RS|

. Building type

Block zone type  USTtype Life style class Rudimentary Bungalow Villa Apartment Total Acronym

ICommercial Compact/mid mid 46 25 0 0 71 CCMM
Compact/mid high 0 51 13 3 67 CCMH
Compact/small low 171 0 o 0 171 cCcCSL
Compact/small mid 0 30 0 0 30 CCSM
Open high 8 9 4 0 21 COH

Urban Compact/mid mid 1 19 20 0 40 uCMM
Compact/mid mid to high 1 9 30 0 40 UCMMH
Compact/mid high 0 26 14 0 40 UCMH
Compact/small low 44 9 0 0 53 UCSL
Open low 8 0o 2 0 10 uoL
Open mid 0 2 6 0

TOTAL 445 191 89 3 728

Classification of sample size

o Classification is based on WP1 and WP2 results

. In total, 728 geo-referenced households in twelve
test areas

==

Kigali oz sabans “umtr
ZO".A one M =
Commercial J

Rural ,

Mg
Urban ¢ eizga
nyiova

o Bulldlng type

¥
. K]

= Bungalow TS Vb - & s

o Apartment"’ &

.4 Rudimentary < 5&

rers x
= Villa { Kigali w R~ tidey

Ngoma e I 3 0 6 Kilometers
T

Esci, HERE, DeLome. Mapmyindia, & OpanStrestMap contributors, and the GIS user cominunlty

Location of surveyed households in Kigali
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EXEMPLARY RESULTS: ENERGY CONSUMPTION IN BUILDING TYPES

: < electricity consumption
Average annual energy consumption [kWh/capita] 2,500~ . % . l[,:]Wh,(a:c.p)] !
charcoal consumption
3,000 .[kWhl(l"clp)] i
* - .LPG consumption [kWh/
— o (a*cap)]
&2,000— .
*U
S
2,000 E ° °
1,500 o 8 ®
c )
o * o
- o
g % ° 8
2 1,000
1,000 c
<)
(3]
>
2 .
2 500
5 : . .
Rudimentary Bungalow Villa Apartment 0 i
i i i i T T T T
M Electricity consumption  ® Charcoal consumption M LPG consumption Rudimentary Bungalow Villa Appartment

Energy consumption by building type Variations in energy consumption by building type
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ENERGY CONSUMPTION IN RUDIMENTARY BUILDINGS AND BUNGALOWS

Annual energy consumption in Rudimentary [kWh/capital Annual energy consumption in Bungalows [kWh/capita]
4000 4000 =
3500 3500
3000 . . = o 3000
2500 5 . e 2500
2000 : : 2000
1500 : 1500 .
1000 . : 1000 - ,

A

500 con ' | o 500 i e RsL l

0 0

Variations in energy consumption in rudimentary buildings Variations in energy consumption in Bungalows

* Large variations are visible in bungalows, especially between urban and rural households; the rural average in
Bungalows is similar to that in the Rudimentary households.

* On an average, Households living in Rudimentary buildings have lower energy consumption (between 50 to 1300
kWh per annum & capita)

*  Energy consumption is heavily influenced by building types and location of the household

* Due to high variations in consumption across building types and location, we propose to use Median values instead
of average (mean) values for consumption patterns as the median is less affected by outliers and skewed data

e R e SR —
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WATER CONSUMPTION & WASTEWATER GENERATION

Average daily water consumption & wastewater generation [litre/capita] .water consumphon [litre/
700
300 * * .wastewater generation
* [litre/(d*cap)]
600 4 *
*
221 ¥ ¥
500 * 2
200 * b 2
* x o
168 . &
400 . . 8 °
134 * =
o
o 8
300 ° ¥
103 8 °
100 83 ; o g
| ¥
200 ; 0
* *
H .
24 19 100 H j.
Rudimentary Bungalow Villa Apartment 0 4
i i T T T T
W Water consumption W Wastewater generation Rudimentary Bungalow villa Appartment

Water consumption by building type Variations in water consumption by building type
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WATER CONSUMPTION IN RUDIMENTARY BUILDINGS AND BUNGALOWS

700

600

500

400

300

200

100

0

Average daily water consumption in Rudimentary [litre/capita]
700

600
500
400
CCMM CC.SL Aveorage 300

200
ROL

. °
. U(ESL , RSL °
; COH uoL : %
i, o d o
; " & == =) e ——

100

Variations in water consumption in rudimentary building

Average daily water consumption in Bungalows [litre/capita]

cam

Variations in water consumption in Bungalows

Average

3l

Large variations are observed in bungalows (and Villas), where are very few variations are seen in Rudimentary

households

Households living in Rudimentary buildings have the lowest water consumption per day & capita, as many informal

settlements lack proper infrastructure

Daily water consumption is heavily influenced by life style class, building types and location of the household
Due to high variations in consumption across building types and within each building type, we propose to use
Median values instead of average values (mean) for consumption patterns as they are less affected by extremes or

outliers compared to mean

i e ——
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Food consumption by building type

ADDITIONAL RESULTS e i b e )

Share of energy carriers by building type s

Electricity 16

[ 4% "
© )
7
.
.
.
2 ___.\’/\.
0
& & & &&é R . G &xo"b
Rudimentary building Bungalow &

——Rudimentary —=—Villa

Waste generation (per capita) by building type

O A N E N A T s oo gy g o
0.61

Bungalow 0.41 5% 7% 3% 4% 9% 64% 9% Mobile phone 2.68 4.52 4.61 2.33
Villa 0.66 1% 0% 0% 3% 2% 78% 16% Refrigerator 0.12 0.89 1.2 1
Apartment  0.59 6% 7% 4% 7% 1% 72% 4% LeoTv 0.24 076 112 067
Computer/laptops 0.23 1.25 1.71 2

For additional data and results, please go through
Car 0.05 1.04 1.24 0.5

our deliverables, reports and posters
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PRI —
DEALING WITH UNCERTAINTIES!

Some degree of uncertainty is inherent in surveys (Li et al, 2013; Spielman et al, 2014)

Sampling error:

* Sampling size: bigger the sample size, lesser the uncertainties, how far should we go?!?!
*  Heterogeneity: 100 % homogeneity does not occur in real world
*  Measurement error:

e poor question wording, faulty assumptions and imperfect scales.
* Coverage error & non-response error:

*  Covering all spatial and demographic patterns
* Households in some test areas are more approachable than others
* Achieving ideal survey time of 20 minutes?!?!

* Low-income and high-income groups have a higher Gini coefficient and a higher variance in
income, which results in high variance in consumption patterns

Goal: Achieving quality results quickly while dealing with the aforementioned uncertainties!!

T E o o e R e — e BRIl
|
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LESSONS LEARNT: KIGALI

City and municipal officials play a vital role in introducing the project to the city, district and local staff, and
getting an approval to conduct the survey in chosen test areas.

A compact questionnaire covering all infrastructure sectors should be compiled, i.e. maximum interview
duration should not exceed 30 minutes

The local staff/field assistants must be trained by the international consultants. The training does not only

include getting familiar with the App and the tablet, but also understanding the questions and expected
outcome.

The questionnaire must then piloted with the local assistants observing their initial responses and making
appropriate changes as the survey progresses.

Simultaneously, the head of each district/cell/ward should be informed beforehand to avoid encountering any
possible trouble while conducting the survey in the community.

Throughout the survey, at least two international consultants must accompany the field assistants. It is
advised to attend the interview sessions at random to ensure that the survey was conducted efficiently and

effectively.
Analysed data must be checked for any uncertainties or unreliable data.

Additionally, data must be cross-checked with available data (e.g. literature, census, community survey, etc.)
and verified using Top down and bottom up approach
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MFA AS BASIS FOR URBAN PLANNING & RESOURCE
MANAGEMENT
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MFA FOR SUPPLY AND DISPOSAL SECTORS

RESEARCH QUESTION

CAN THE RAPID DATA GATHERING APPROACH GENERATE CORRECT DATA OF THE
SUPPLY AND DISPOSAL SECTORS OF A CITY ?

... AND THEREFORE WORK RELIABLY IN ANY CITY REGARDLESS OF THE AVAILABILITY OF
LOCAL DATA?




RAPID PLANNING

www.rapid-planning.net

MFA FOR SUPPLY AND DISPOSAL SECTORS

AGATARE CELL

Socio economi: low income

Building Type: rudimentarty

Urban Structure Type: compact/small
HH size: 7

: 0.610 kglc/d plastic: 0.006 kg/c/d (1.0 %)

‘metall: 0.006 kg/c/d (1.0 %)

organic: 0.470 kg/c/d (7.0 %)
other: 0.110 kg/c/d (18.0 %)

BIRYOGO CELL

Socio economi: low income

Building Type: rudi

Urban Structure Type: compact mid
size - small

HH size: 7

waste: 0.660 kg/c/d

plullc 0.013 kglc/d (2.0 %)
r: 0106 kg/c/d (16.0 %)
Carton: 0,013 kgicld (2.0 %)
glass: 0.000 kg/c/d (0.0 %)
metall: 0.007 kg/c/d (1.0 %)
organic: 0.515 kg/c/d (78.0 %)
other: 0.092 kg/c/d (14.0 %)

Household waste genertion and composition

KIYOVU CELL

Socio economi: high income

Building Type: luxery villa

Urban Structure Type: open/large - mid
HH size: §

waste: 0.410 kg/c/d plastic: 0.049 kg/c/d (9.2 %)
paper: 0.152 kg/c/d (28.2 %)
carton: 0.025 kgic/d (4.6 %)
glass: 0.025 kg/c/d (4.6 %)
metall: 0.012 kglc/d (2.3 %)
organic: 0.242 kgic/d (45.0 %)
other: 0.033 kgicid (6.1 %)

EBERHARD KARLS

USTs Kigali: SVM-based approach U%léVERSlTAT

RAPID PLANNING
W ragd-plarung et
BINGEN e

sl ol L

Legend

D Districts

@ compsct/ large

@ Comect/mo-
size

B compact / small
@ oven/large
| Open/mid-size
(7 Open / small
@ Large (industry)
@ Rual

@ unbuit

Author: Felkx Bachofer
Version: 2016-10-06

‘SPONSORED B THE

Q Federal Ministry
of Education
and Research

Bottom up data
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Kigali City

END WATER BY
CONSUMER

15,740,304 m3/a (77.0 %)

WASTE WATER BY
CONSUMER

RAPID PLANNING
METHODOLOGY

Human excreta

Yellowwater (Urine): 677,117 m3/a
Brownwater (Feces): 120,914 m3/a

I
@w

Residental Waste Water Type Mix

) " Blackwater: 3,321,109 m3/a (30.1 %)
Rudimentary: 6,908,120 m3/a (49.5 %) Greywater: 6,316,183 m3/a (57.3 %)

Bungalow: 4,953,478 m3/a (35.5 %) Kitchen Wastewater: 1,391,937 m3/a
Villa: 1,876,211 m3/a (13.4 %)

Apartment: 217,989 m3/a (1.6 %)

Urban Structure Type Mix

3,270,712 m3/a (16.0 %)

Urban Structure Type Mix Public

Wastewater: 11,029,228 m3/a |’

(12.6 %)

Wastewater: 2,616,570 m3/a
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MFA FOR SUPPLY AND DISPOSAL SECTORS

@ CROSS CHECK SHARPENS THE BOTTOM UP DATA GATHERING METHOD

@VISUAL TOOL TO EXCHANGE WITH LOCAL PARTNERS (DATA GAPS ETC.)

©MFA IN PRACTICE - FROM CITY PERSPECTIVE: %&@COPED GRoLY
STATUS QUO SUPPORTS LOCAL PARTNERS IN PLANNING , E.G.
(SOLID WASTE COLLECTION LOGISTIC: ROUTING, HUMAN RESOURCE,
TRUCK CAPACITY, DIMENSIONING TRANSIT/RECYCLING/DISPOSAL

SITES)

i Rl = W e R
|
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SECTOR SPECIFIC RESOURCES AND POTENTIAL SYNERGIES

RESEARCH QUESTION

CAN RAPID PLANNING APPROACH IDENTIFY TRANS-SECTORAL SYNERGIES BETWEEN
THE SUPPLY AND DISPOSAL SECTORS AND THEREBY SUPPORT SUSTAINABLE

INFRASTRUCTURE PLANNING?




RAPID PLANNING

www.rapid-planning.net

!ﬂ;ﬂmﬂduw--.-k...,l g

SECTOR SPECIFIC RESOURCES AND POTENTIAL SYNERGIES

Z00M-IN THE MFA

RECYCLING

149,273 t/a

&

DISPOSAL

145,061 t/a

—_—
to landfill

Organic: 101,017 t/a
Paper: 12,937 t/a

Plastic: 6,946 t/a
ﬂ Metal: 3,155 t/a
Glass: 307 t/a
dumped at others: 22,871 t/a

Landfill Nduba

1

ﬂ dumped waste (1992-2012): 730,000 t
dumped at
Landfill Nyanza
o
od
=
d forinal composting
Orgaiic: 321 t/a (0.1 %)
P

O

Compost to FOOD/URBAN AGRI. SECTOR
96 t/a (< 0.1 %)

O

%
briquetting
Organic: 828 t/a (0.3 %)

Briquettes to ENERGY SECTOR
414 t/a (0.1 %)
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SECTOR SPECIFIC RESOURCES AND POTENTIAL SYNERGIES

WASTE WATER / SoLID WASTE € —> FOOD SECTOR

oo * Per-capita
PHOSPHATE BALANCE 535 PSRRI LS (17
agriculture of
>000 Attributable phosphate consumption Vietnam and Egypt
Recoverable phosphate from sewage sludge 4,316 |arger than in
B Recoverable phosphate from compost
4,000 Germany.
2 3,000 « More phosphate in
£ 2,470 Kigali's sewage
- 000 than amount used
in agriculture to
1,060 1,164 1,088 1,015 feed Kigali’s
1,000 —— ———— — .
population.
as 227 107 195 232
0 , _— I I . . .
Frankfurt Kigali Danang Assiut P In CompOSt 1S Of

= = minor importance.
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SECTOR SPECIFIC RESOURCES AND POTENTIAL SYNERGIES

TRANS-SECTORAL SYNERGIES: THE MFA PERSPECTIVE

Action area

- combustion residues

- treatment residues

- co-composting

Food &
Energy Water Waste water Solid waste cultire
Impact on Agri
Energy Very low Low Medium Low
- electricity for pumping - sludge incineration - biochar - energy in agriculture
- biogas - MSW incineration
Water Low Medium Medium Medium
- local hydro power - grey water reuse - groundwater protection - irrigation demand
- cooling water needs - groundwater protection - groundwater protection
- stormwater management
Waste water Low High Medium Low
- sludge co-firing - more water -> more - combined treatment of - managing runoff water
- power plant operations waste water MSW and sewage sludge quality
Solid waste Low Very low Medium Medium

- waste reduction
- organic waste composting

Food &
Agriculture

Low
- land use competition

High
- sewage sludge utilization

High
- ensuring water quality for
food production

High
- organic waste composting
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ANALYSES OF CLIMATE RELEVANT ASPECTS AND IMPACT ON URBAN
QUALITY

RESEARCH QUESTION

CAN A LIFE CvcLE IMPACT ASSESSMENT (LCIA ) OF LOCAL USED TECHNIQUES
IDENTIFY THE MAJOR ENVIRONMENTAL IMPACTS AT CITY AND GLOBAL LEVEL AND

THEREBY SUPPORT THE SELECTION OF TECHNIQUES?
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ANALYSES OF CLIMATE RELEVANT ASPECTS

The global energy system is the single largest contributor to climate change (IPCC, WRI)
- Electricity generation: Life-Cycle GHG Emissions of several technologies

Renewables/Nuclear Conventional
0,14 3
0,12
2,5
<
0,1 [ }
> <,
= X ~
s 0,08 \
) 4 S 1,5 A
S 0,06 8 b 4 .
I, " S e E2 *
0,04 L
0,02 @
A = 0,5
+
0 0
hydro, run-  nuclear wind, solar PV ) o
of-river onshore natural  oil peat lignite hard
gas coal
S ATZ oD ®mSA ¢ TH X RoW ATZ oD mSA *TH X RoW
— S o] i- S o]
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ANALYSES OF IMPACT ON URBAN QUALITY

LCIA OF LOCAL TECHNIQUES

LCIA
AFP kg PM10-Eq/kg input: 0.0018118
EP kg PO4-Eq/kg input: 0.0000706

MIR kg O3/kg input: 0.0309864

AP kg SO2-Eq/kg input: 0.0001330
ODP kg CFC-11 Eqg/kg input: 0.0000029
GWP kg CO2-Eqg/kg input: 0.1975100

30 MJ @ 7MJ @

Charcoal Burning in Usable energy

AT T T improved stoves (heat)
23 MJ
- :
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LCIA +

401.6 GWh/a

traditional stoves

LCIA

4 1241.0 GWh/a

Charcoal Bumni
improved stoves

RTIIITIIIT
ceicsififg

AFPt PM10-Eqg/a: 65.12
EP tPO4-Egfa: 2.13
MIRtO3/a: 1117.83

AP tS0O2-Eqg/a: 4.01

ODP tCFC-11 Eg/a: 0.09
GWP t CO2-Eqg/a: 6150.87

[r—— e ——
Charcoal Burning in

AFPt PM10-Eqg/a: 180.49
EP tPO4-Eq/a: 7.03

MIR t O3/a: 3086.87

AP tS0O2-Eqg/a: 13.25
ODPtCFC-11 Eq/a: 0.29
GWPt CO2-Eq/a: 19675.95

_ &Y _ﬁ
ngin

40.2 GWh/a

361.5 GWh/a

2854 GWh/a L TIIIIN=.,
—

955.6 GWh/a

&

Usable energy
(heat/light)
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CONCLUSIONS
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DATA GENERATION PROCESS OVERVIEW

Identification and Classification of
Land-Use, Urban Structures, Building Types WP2

object remote sensing and field mapping (ground reference data)

correlation lifestyle class +
building type

Determination of  wr1 || Supply and Disposal Infrastructure Inventories;

Lifestyle Classes ] Legislation Framework
infrastructure

socio-economic data gathering (surveys) inventories; organograms of legislation

A
correlation specific data + correlation specific data +

public & commercial building lifestyle class/ building type

v

wes|| Determination of Specific Consumption/ Generation Patterns of HH

sector specific
Sector Related Data — Industry, Public & Commerce data gathering
categorisation, surveys, measuring, sorting analyses on household level

I revising and updating data sets

A 4

Development of MFA Models for Supply and Disposal Sectors
WP4

visualising sector specific resources, current material and energy flows (baseline)

land-use

urban structures,
building types
socio-economy,
infrastructure

specific values

material flows

1
1
1
1
1
1
1
1
1
1
1
1

1

[

Sao
~~
~
~——
~~——

uopiINdwod ‘uonpsiuowWIBY ‘UoLDILIUN ‘S3|GDLI AN|DA ‘34N3INJIS DIDP
juawdojanaqg AbojopoyiaiN d¥

WP5
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Thank you

Asante sana

Cam on
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