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ANNEX B WASTE AMOUNT AND COMPOSITION SURVEY

B.1

B.1.1.

B.1.2.

Objectives and Definitions
Objectives of the Survey

Basic information such as the quantity of solid waste generated in the survey area,
the population covered by the collection services, collection area map, etc., is the

~ key to the formulation of a successful and feasible solid waste management plan.

A Waste Amount and Composition Survey (WACS) was carried out in order to
obtain the basic information on waste generation ratio, discharge and recycling
amount, self-disposal and collection amount, and to clarify the waste stream in the
study area.

WACS was carried out twice, in April and November 1994, in order to obtain the
waste data in summer and winter. The seasonal results were used to determine the
average data.

Definitions of wastes

In order to clarify the contents of the WACS and the waste stream, the words used
in the study are defined as follows:

a8, Household waste

Waste produced by households, including waste in shops but exclusive of those

‘generated through commercial activities.

b. Commercial waste

* Only refers to wastes from commercial shops, i.e., restaurants, stationery shops,

grocery shops, private offices.



c 'Markét‘wastc RN

Waste from markets of wholesale and retail industries.

d I_nsﬁtutional waste
_ Govemment and municipal office wastes are exammed as msututlonal waste in the
-Study
e Street sweeping waste
 Wastes coliected by the street sweeping cleansing service,
f.  Hospital waste
Non-infectious wastes generated in hospitals. -
g. Bulky waste

Bulky items (such as furniture and vchncles) abandoned ‘and dzscharged by the
above-mentioned sources.

h. Other waste

Wastes disposed of at the present disposal site in the Study area Wthh are not
considered as MSW (item a to g). :




B.2

B2.1

Category Generation Disposal Interview:
' Ratio Survey Amount
Survey
MSW ( Total) - X
Household Waste : X |
l Oommcrciiﬂ X X
'_ l Market Waste X
Institutional X
Street Sweeping X
Hospital Waste X
Bulky Waste | X
Others (Total) X
Industrial Waste X X
Others B _ X
_ _

Survey Method

‘Waste Amount Survey Method

.. Waste amount survey was carried out in three different ways, as shown below:

- Generation ratio survey at generation sources;
- Final disposal amount survey at the present landfill; -
- Interview at generation sources.

The results of the Public Opinion Survey (POS) was referred to as well when the

final amount was determined. The method applied to the WACS is tabulated in

~ Table B.2.1a,

Table B2.1a Methodology of the Waste Amount Survey

Note: T’_hc"it:éms marked "X" were sQweyed in the Study.



B.2.2

Selection of Sampling Points for the Generation Ratio and Compeosition Survey

a.  Category of Waste, Generation Souremrand'Sampling Qtia‘liﬁty

In order to obtain a rep_fescntative gem_:ratio'n ratio for cach category of waste, the
- category of waste, generation sources and sampling quantity for the WACS is

summarized in Table B.2.2a. On the other hand, the observation work carried out

by this study at the: present landfill only took the amount of "bulky and other"

wastes into’ cons:dcratlon

Tablc B 2.2a Category of Wastcs, Gcneratlon Sources and Samplmg Quantity
: - for WACS : SR

Commercial Arca 1 sl s i |
(Other Shop?) _ S , ' o
Market Wase Markets _ 2 BEEE o2
Insikutional Wasie Institutions o 1 ’ 5 s
(Government fowu) i :
Streei Sweeping Strect Swoepmg 2: 1 ) 2
Waske : B R
TOTAL ’ . 19 ——— - ™

aa. Household Waste

Household waste generated at residential arcas was classxﬁcd mto thc followmg
threc categories:

- household waste generated at high income residential arcas .
- houschold waste generated at middle i income res1denhal areas

- household waste generated at low income residential areas

The sampling arcas for each category were selected from the study area in the
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- Municipality of Managua the discussion. between the Nicaraguan Coordmdtmg :

Commlttcc and the Study Team.

ab.  Commercial Waste

Waste generated in restaurants and other shops: quite differ in composition.
Thercfore, commercial waste was classified into two categories: rcstaurant waste -

and that of other shops

The sampling areas for commerc_ial waste were selected from the commercial areas
in the Municipality of Managua.

| ac.  Market Wast_e

In consideration of the following waste collection aspects, two of the arcas in the
Mﬁ_nicipality of Managua were sclected for sampling.

—  Amount of waste generated at one market should be less than one truck.

- Composition of waste generated at one market should not be mixed with .
. other waste.

" ad. Institutional Waste

 Some government offices in the Municipality of Managua were sclected as

sampling areas for institutional waste.

~ ae,  Street cheping Waste

Two streets were selected in the Mumc1pality of Managua as sampling pomts One

1s a main street and the other is m a resndcntlal area.

b. - Sampling Points

The sampling points for the waste amount and composition survey is shown in
Table B.2.2b and their location is shown in Figure B.2.2a.



Table B2.2b - List of Sampling Points for the Waste Amount and Composition Survey (1)_

I Generation Sources | Code | Area ~ Survey Points -
No. Address Family(Name)
RH-01 Casa No. 21 Bojorge
|RH-02] Altos de |Casa No. 20 Cuadra
_ RH-03| Santo |Casa No.5 Daetz
Residential RH-04 | Domingo |{Casa No. 15 Padilla
I RH-05| Casa No. 7- " {Somarriba
Area RH-06 . |Embajada de Espafia, 3 cuadras | Dom Holman
' " |RH-07] ‘Las |al sur Calle Las Mangas Lote A {Dale
Hi ¢h RH-08| Colinas |Calle Las' Mangas N¢ 23. - {Buitrago
RH-09 Gadea
RH-10 Ave. Del Campo N® 506 Silva.
Income :
RH-11} Villa Fontana Norte N® 47 Béez
g ‘RH-12| Villa -|Villa Fontana Norte N®* 15 . .  |Mantica
' RH- | Fontana |Villa Fontana Norte N* 18 Medrano
13 { - |Villa Fontana Norte N* 44 Huete G6mez
RH- Del monumento, 1 cuadra al sur Gomez
13" 1 - |1/2 c abajo Casa N¥ 43" " | Trejos
RH-14] Del monumento, 13 casas al sur
o .|mano izquierda
RH-15 .
| RH- Casa N A-12 Ramirez
16’ |Lomas defCasaN®13 Martinez -
RH~ |Monserrat | Del Club 2 c. abajo, 2% cuadra, |Molina
16" Casa B-1 Romero-
RH-17 - Sénchez
RH-18 - . |Gadea
RH-19 A-10 Cuadra Béez
RH-20 | | o
RM- Racachaca 1 c. al sur 1/2 c. abajo | Gutiérrez—~
o1 Barrio - |Racachaca 1 1/2 ¢. al sur Cano
RM- | Altag- |Racachaca 1 1/2 c. al sur Solano
02 racia |Racachaca 1 1/2 c. al sur Escorcia
RM-~ Racachaca 1c. al sur 1/2 c. abajo | Gyboulet
03 Racachaca 1c. al sur 1/2°c. abajo | Mayorquin
RM- Racachaca lc. al sur 1/2 c, abajo |Sotomayor -
03" ' Rodriguez
RM- :
04
RM-
05"
RM-
0s™




Middle

Income

RM- Semaforo Linda Vista, 1 c. Vargas
06 arriba, 1 ¢. abajo Casa N? D-459
RM- | Colonia |Seméforo Linda Vista, 1c. arriba, | Lacayo-
07 | Francisco |1 1/2 c. abajo Casa N® 461 Murillo
‘Morazidn |Semiforo Linda Vista, 1 c.
RM- 3 arriba, 1/2 c. abajo Casa N® 462 |Rodriguez
08 Rétulo Protecto, 1 1/2 c. al
N lago Casa N® A-109 Ortega
RM- Shell Las Brisas, 1/2 ¢. armriba, 1
09 c. al lago, 10 vrs abajo Casa N®* |Cuarczma
A-24
RM-
10 _ _

RM- Bello Horizonte. G.IIL8 Morales
11 | Colonia -|Bello Horizonte G.III.10 Souning
"RM- | Bello |Bello Horizonte C-IV-19 Morales de
12 | Horizonte } Bello Horizonte H-33 Garcia

- RM-~- Bello Horizonte H~34 Rocha
13 Baset
RM-
14
RM-~
15 _
RM- Rotonda de Veracruz, 3c. al sur | Beteta-
16 1/2c. arriba Casa E-5 Zaniga
Jardines |Entrada Jardines de Veracruz 4c.
RM- | de Vera- |al sur Casa C-31 Colegial -
17 ~cruz ~ |Casa N? C-5 Lépez
' | Casa N® E-8, Entrada principal
RM- 3c. al sur, lc. arriba Navarrete
18 . | Casa N® C-24, Parque Sc. al sur, | Hinijosa
RM- | 1/2¢. arriba
19 Morazan
RM-
20
R T




Table B2.2c List of Sampling Points for the Waste Amount and Composition Survey (2)

Generation Sources

' ‘Survey Points. :

Addrcss

Family -
| . Name.
RL—OI ' AT Hucllas dc Acahuahnca 3c Navarro
RL-02 | Barrio - |al lago 25 vrs arriba Sequeira
RL-03 _Acahualinca Huellas de. Acahualinca 3¢. {Osorio
RL-(4 | 7 |al Jago 25 vs amriba Latino -
RL=05 | - Huellas de Acahualmca 3c. | Gonzilez-
o R al norte - Alvarez
P |Huellas 3c. al lago 172 c.
: abajo
Low Huellas 2c. al lago 1/2c.
: larriba -
- : Income T -
Becideegiad | RL-06 . .. |Mini Cine Randy, 1c. arriba | Juarez-
I__-Rcsxdcnu._:l. . ' ' |12 vrs al'sur. zona-4, T-4 |Gutiérez
C Area . | RL-07 | Ciudad |lglesia Cat6lica 2c. al
- Sandino " |lago 2c. abajo Zona-4, T- | Sanchez
RL-08 |- s
' : Cine Randy 1-c. amiba, 1 ¢, { Ruiz-
. RL~-09 -|al sur, 10 vrs arriba Gutiérrez
RL-10 Pinal del Rio 2c. -abajo.
|Zona-4 Sanchez
Pinal del Rio 2 1/’2 c. Martinez
“labajo. Zona-4
RL-11 .. {Hotelito Kely 1/2¢. al lago Cajina-
| RIL~12| Asentamiento {10 vrs abajo N* 116 - T6rres
RL~13 | Santos Lépcz Hotelito Kely lc. al lago N*|Diaz
RL-14 | - . - |077. Guerrero
RL-15’ . |Hotelito chy lc. al lago | Gutiérrez
RL-15" ‘|172¢c. abajo N2 112 .| Reyes-Ruiz
_ Hotelito Kely 1c. al lago 2 |Torrez-
vrs abajo Guido
.| Hotelito Kely lc. al lago Centeno
Hotelito Kely 1c. al lago 10
vrs arriba; N 1200
RL-16 Esq. opuesta al puesto de | Duma
RL-17 salud, Calle 8, [-18 Obando
RL~18 | Asentamiento | Esq. opuesta al puesto de | Esperanza
RL-19 | A.C Sandino |salud. Calle 8, [-17 - Ovicdo
RL-20 | - :

-|Puesto de Salud, 3" casa al

sur.Calle 8,I-16
Puesto Médico, 50 mts al
sut

Puesto Médico 1/2 c. al sur

Hurtado




Note:

CR-01 Pizeria Los ldolos N® 2 José Ocon
CR-02 | Rotonda de |La Botija Robleto
: Restaurants | CR-03 Bello El Pilin Larry Wite
Commercial CR-04 { Horizonte |[Pollos Calientes Joselin
' CR-05 El Asador Chino Diaz Ada
Area Marlen
Diaz Ada
Marlen
Hery Kuang
Lau
co-01 Libreria Gonzélez (M6dulo [Emesto
CO-02 Centro C-47) Gonzilez
Others CO-03 | Comercial |Tienda de Calzado ADOC |Osmara
CO-04 | Managua |(Médulo C-103) Zelaya.
CO-04 Libreria Rigoberto Lopez | Luisa
CO-05 P.(M6dulo A-35-36) Ordofiez.
Tienda de Ropa (Médulo | Carlos de la
C-9) Jara
Bar Las Tejas Dora
Tienda de Lanuza
Electrodomésticos (Mddulo {Juan Lopez
C-79) Z.
I-01 INISER, Camino de Oriente | Gladys
Méduio E Morales.
1-01" {(Gerente de
Institutions I-02 Seguros)
' Biblioteca "Armando Joya" |Gloria
I-03 Ministerio de Accién Social | Sdenz
(M.A.S). Entrada Instituto |Roger
1-04 Rigoberto Lopez Pérez Florcs.
Instituto Nacional de (Administr—
1-05 Energia (INE). Costado ador)
oeste Plaza 19 de Julio M? Elena
Ministerio de Educacion. Mena
(MED) Modulo L . Centro [(Serv. Gen-
Civico crales)
Alcaldia de Managua (AL~ |Gloria
MA) Mdédulo H. Centro Gutiérrez
Civico (Subdirec~
tor Gral)
Rafael
| Gonziles.
(Admon.,
: D.G.S.0.M)
_ M -01 Mercado San Judas "Oscar Pércz Cassar”
- Markets M -02 Mercado Occidental "Virgen de
L _ Candelaria”
Street -8 -01 Carretera Norte. Semaforo Portezuclo
" Sweeping S -02 hasta ¢l Dancy
Pista Radial Santo Domingo. Semdforo
Lozelsa hasta la entrada Barrio México

*  are sampling points in summer only

IR 1 ]

are sampling points in winter only

Without asterisk are sampling points in both summer and winter

B-9




Residential Arca (High Income)

Residential Area (Middie [acome)

Resklential Ares (Low Income)

Commecial Arca (Restaurants)

Commercial Area (Other Shops)

Enstitutions

Strest Sweeping

Sampling Point

Figure B.2.2a Locétibr_a of Sampling'Points'_(Mahagqa' '_Municipélity)
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‘Method of the Generation Ratio and Composition Survey

The method of the Survey is tabulated in Table B.2.3a. Considering the fluctuation
in the daily amount of waste generated, the survey was conducted continuously for
8 days. Data amassed in the first day is used only as a reference.

Table B.23a  Method of the Survey

Waste Amount

Waste Composition Survey

e _________________
Generation Source Collection of Sampics
) Survey

Analysis Items

- Apparent Specific Gravity (ASG)

- Physical composition ... wet basc

(kitchen waste, paper, textile, plastic, glass,
grass and wood, leather and rubber, metal,

ceramic and stone, others)

- Chernical Analysis

+ Three contents (moisture, combustibles,
ash)

+ Lower calorific value

IRcsidential Arca (High Incomc) | by plastic bag by spring balance
Residential Area (Mc Income) | by plastic bag -| by spring balance
Rcsi.dcmia.l Arca (i,ow Income) | by plastic bag by spring balance
Commercial Area by plastic bag by spring balance
| lMutel by collection tmck by weighbridge
Institution o " | by plastic bag by spring balance
Su.ect Sweeping by plastic bag by spring balance
I ‘ pECRsna

+ Ultimate analysis (carbon,hydrogen,

a. Method of the Generation Ratio Survey

aa. Collection of Samples

nitwscnlI sulghur!chlorinc! oxxétm!

Before the execution of the WACS, the required number of plastic bags was
distributed to residences, shops and offices selected as sampling points. Samples
discharged from markets were collected by collection truck.

ab. Waste Amount Survey

The weight of the plastic bag from each sampling point was weighed with a spring
balance. Then, when a sample was collected, the plastic bags were bound with color
strings which classified it according to generation sources. The samples transported

B-11
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b.  Method of the Waste Composition Survey
ba, Sampllng Method

~The composition of the waste in wet base was. mcasurcd accordmg to the following
cight wtegoncs R :

- residential area (High Income) - R $
_ = . residential area (Middle Inbome) -' o T
- residential area (Low Income)
- commercial area (Rcstaurants)
"~ commercial ‘area (Others)
e _'-markets
- mstltutlons
= street swccpmg

Waste 'of the same 'cat.e'gory were mixed together, segregated and then mixed again
until waste volume is reduced to between 30 and 50 liters, as shown in Figure
2.1 2b '

Mixing - : - ‘
Large wastes (e.g. cardboard textile etc.) are scgrcgated made smaller and
then mixed again with its primary group. -

Dividing
Once waste is mixed well, it is dmdcd into four blocks of approxxmatcly equal
quantity and quality. '

Reducing
Two of the blocks are discharged, while the remaining two blocks undergo the

same process of reduction until the amount designated for the waste composi-
tion analysis, between 30-50 liters, is achieved. '

Once the prdccss is completed, waste is then loaded iﬁto a“plastic bucket. The plastic
bucket is then tapped from a height of 30 cenumcters to the ground to compact its
contents and remove air, thus rcducmg its volume. Waste is further added and the
compacting procedure repeated thrice until the fixed volume is achieved.

ASG (Apparent Specific Gravity) was calculated using the following formula:
ASG = Weight of Wastc (Kg)/Volume of Waste (1)
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Waste composition survey is carried out after the ASG measurement is completed.
The items of the waste composition survey are shown in Table B.2.3a.

i Mixing

Figure B.2.3a  Waste Reduction Method
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B bb. * Composition Analysis -

’_I‘hé procedure of the physical composition and chemical analysis is sl_:oWn in Figure
B2.3b. | - | | o

Waste (wet base) .(40 liter)
I
_ ‘Separation R - _ ’
- 1 : IAa'tha | l CcstamiI l '
Textile!| Plastic|] Grass || Others
'- || Wood|| Rubber || 1621 || Glass| gone

[ B I '? .i e

[ Drying (3 days in a room and 2 da'ybs in a dryer) |
L e

I 1 | I U I I - - [
Pa Textile||Plastic || Grass Lcather M - Ceramic Others
Tr . i l Wood|| Rubber _eul Glass Stone (Blg
JUUPIR EOVRIUDRRORRO SY ] R .
Cutting (up to 2-5ém) - | (o)g

5

Reducing'accoxﬁding to consti‘ﬁue_ﬁt

! ratio (total amount of sample about 500 )
Pulverization {less than 2mm)
Iftll .........
lgg“’li"nt Paper | Textile||Plastic || Orass|| Leather
E . . : Wood||Rubber

(D)g'

"Mixing according to constitution (&) /
ratio {(total amount of smmple about 100g) 9

[about 59 (¥Fig about 1g (Hig | (Dg

Ultimate Analysis

Low lorifi carbon (e)
Ash content (G)g awer Calorific hydrogen (h)
Value

nitrogen () k.
aulfur {8a) 5‘
chlorine (q1)
oxygen (o)

Figure B.2.3b Procedure of Waste Composition Analysis
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bba. Physical Compositio_n

Physical composition was measured in wet base. The samples were divided into the

following 10 items and weighed individuaily before they were dried.

- kitchen waste

= paper

- . textile

-~ plastic

- grass and wood

- leather and rubber
-  metal

- glass

- ceramic and stone
~  others (soil, etc.)

After the samples are weighed, they usually undergo drying for three days in a room
and two days in a dryer. (105°C) before they are individually weighed again. The

results of the physical composition are presented in percentages.

bbb. Moisture content

~ Moisture content was calculated by the following formula.

Moisture Content(%)= Original Weight(A)-Dry Weight(B) v,

Original Weight(A)

bbe. Che_niica_al analysis

Chemical analysis and removal of combustibles were carried out after drying. The

_ following are six samples of combustibles:

'~ kitchen waste
- paper '
—.  textile
- _ plastic
- - grass ‘and wood -
- leather and rubber

The combustible samples were cut into 2 to Smm pieces. The six samples were
reduced in size until they totaled about 500 g in accordance with each constituent
ratio. .

‘B~ 15



- The cox_nb_ustib_lé samples were each pulverized into less than 2 mm. in size by a
cutting mill and then mixed together again prior to undergoing chemical analysis.

~ The :followihg'itcms underwent chemical -analysis: -
‘~  Ash Content

Ashes resultmg from the combustion of combustlblc matter and the followmg ‘
: non~combust1ble items: : : :

metal

glass
ceramic and stone -
others

Ash content was calculated by the following formula.

Gx——+(B C)

Ash Content(%)~'-———A———X100_

-~ Combustible Content . ' ' ‘:

Combustible content was obtained by-Subﬁacting the weight of the ash from
that of the combustible materials. '

Combustible Content(%)=100~Moisture Content-Ash Content
- Lower calorific value
Lower calorific value was obtained by combustion in a calorimeter bomb,
measuring the increase in water temperature through a calorimetric vessel

which surrounds _thc bomb.

The lower calorific valuc (LCV) was calculatcd b_\} the following formulas:

HCV(Wet Base)=HCW( Dry Base)X 100- (Incombusnblc Contelr:é%) +Moxsture Content(%)

LCV(Wet Base) =HCV(Wet Base)-6(SH+W) -

HCV o Higher Calorific Value

B - 16



H : Content of Hydrogen (%)
W : Moisture Content (%)

- Ultimate Analysis

Ultimate analysis was carried out on the combustibles to check the following
6 items; '

carbon

hydrogen

nitrogen

sulphur

chlorine

oxygen

The content of each element was calculated through the following formulas.

carbon(%) =(cx—€-)lAX1 00
i hydrogen{%)=(h x%)IAXI 00
, C
nitrogen(%) =(nx7)lAX1 00
C
sulphur(%) =(sx7)/AXI 00

chIoﬁne(%)=(sx%)lAX100

oxygen(%) =Combustible content(%)-carbon(%)+hydrogen(%) +nitrogen(%) +sulphur(%)

SIS
B ]

B2.4  Period and Schedule of the Survey

The survey was conducted in summer, from the 25th of April till the 2nd of May,
1994,
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The schedule of the survey is shown in Table B2.4a.

- Table B.24a  Survey Period of the WACS

Survey Period
- Items - Summer - - Winter
Delivery of Plastic Bags and In- | April 18thto | Nov. 21st to
struction Papers. April 21st Nov. 22nd
Waste Collection From Each April 25_thﬁtc_$ . Nov. 23rd to
Generation Soutce May 2nd . Nov.30th
Waste Amount Measurement April 26thto - | Nov. 24th to
_ _ ' ' May 3rd Dec. 1st
Waste Composition Trial Analysis C
_ April 31d - Nov. 23rd
Waste Composition Analysis - S L
' ' May 3rd to June { Dec. 1st to

17th ]

B-18
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B3.1

Ri_sults of the Survey
=V‘Vastv: Amount

a. 'Ho_usehold Waste

The rcsults of the waste amount survey, both in summer and winter is tabulated in
Table B.3.1a. Although the waste gencration ratio is basically the same in the various

income levels, a slight seasonal differenice was observed in high income and middle
income areas.

The average generation ratio, in summer, in the high income area was 833
g/person/day, ‘732 g/person/day in the middle income area and 643 g/person/day in

‘the low income area. In winter, it was 682 g/person/day, 628 g/person/day and 657

g/person/day, respectively. The average gencration ratio of residential waste was 736
g/person/day in summer and 656 g/person/day in winter.

" Table B.3.1a Generation Ratio of Houschold Wastc

Unit: g/per/day

Average I

.l_nloor.ne Level  Summer . | Winter I

| Hgh | 83 682 I

l Middle 732 1 e |

Low 643 657 |
Average 736 ' 656

" b. Commercial, Markét, Institutional and Street Sweeping Waste

The results of the waste amount survey, both in summer and wmter, are summarized
in Tablc B.3.3a. '

“The ‘waste gén’e’ration ratio of each-category does not differ in summer and winter,
except for the slight difference observed in commercial waste (restaurant) and street
~sweeping waste. '



Category i Generation: Ratio

Summer Winter

Commercial waste (restaurants) g/shop/day 12,849 15,166
- Commercial waste (others) g/shop/day - L,007 991
Institutional waste ghperson/day | . 62| 59
i Market waste’ g/shop/day. 3,750 . 4,000

| Street sweeping waste | gkm/day . | 58500

B3.2

_ _Wasté Composition

- The results of the waste composmon survcy are tabulatcd in Tablcs B.3.3a, B.3.3b,
,B33c: B.3.3d and shown in Figure B.3.3a, :

Physical Combosition

Household Waste

The composition of houschold waste is characterized ‘as follows:

Garden waste, which consists of grass, wood and oth;:rs occuplcs about 31 %

~ of the waste in summer and 29% in winter. The majority of "others”

included soil and sand accumulated from gardening. According to the Public
Opinion Survey (POS), about 40 % of the houscholds disposed garden wastes
in their backyards and burned thcm in the open

Kitchen waste occupics about 41% and 43% of_'thc'cbmpoéitidn"in summer

and winter, respectively, The POS states that 33 % of the houscholds feed -

their food waste to animals and the total amount used as-animal food is 116
g/family/day, an equivalent of about 20 g/person/day.

Kitchen waste, paper and plastic components occupy a larger percentage of the

waste composition in high income than low income residences. Inversely, the

percentage of grass/wood, ceramic/stone and other compenents is lower in high
income residences than the middle and low income residences.



3 S
Season | Income Share of Physical Componenis by Income Level (%)
Level
Kitchen Paper Plastic Grass Ceramic | Other
Wood Stone

Summer | High s479 | 1130 6.11 1099 | 209 3,72
Middle 42.10 1057 423 25.66 4.37 4.87
Low 27.20 3.15 2.82 36.35 11.61 12.87
 Winter | High 53.92 13.79 6.1 11.88 2021 279
o | Middie 45.22 7.53 5.26 21.56 3.94 11.56
30.83 2,80 n 23.51 9.38 16.94

ab. Commercial Waste

The composition of commercial waste is described as follows:

- Waste of other shops is about 56 % and 69% kitchen waste in summer and
winter, respectively.

- Wastes of other shops contain about 84 % and 80% paper in summer and in

' wmtcr, rcspcctlvely

ac. Other wastes

‘Other waste composition are summarized as follows:

- Market waste is about 36% and 41% Kkitchen waste in summer and in winter,
respectively.

- Paper occupies about 85% and 60% of institutional waste in summer and
winter, respectively.

—  Street sweeping wastes arc about 46% and 38% grass and wood in summer
and winter, respectively.

b.  Apparent Specific Gravity (ASG)

The ASG of all waste categories was highcr in summer than in winter except for
market waste which showed equal values.



B33

 Chemical Analysis

2 _ ThreeContents |

B 'Wésﬁ: from high income residences and'rcst'aurams had 'rﬁ'o':re than '50% moisture

content both in summer and winter. On the other hand, waste of other shops is made

- up of more than 70% combusuble matter in both seasons.

The moisture content of wastcs was higher in winter than in summer except for the
wastes of other shops and street sweeping waste.

b. = L.C.V (Lower Calorific Value)

In summer, wastes, exclusive of market wastc,-wastc's in'Sumﬁicr were observed to
have an L.C.V of more than 1,000 kcal/kg. On the other hand, the L.C.V in winter
is less than 1,000 kcal/kg, except for wastes of other shops, institutions and from
street sweeping waste activities,

- Conclusively, wastes were found to have higher L.C.V in summer than in winter.



1unung Ur A9Amg uonseduwor) ASeA A JO SINSY

ec'c'd OlqBL

"
o6t lo6ss  |oLve | pLSIT |€9T2 9v'sz  Joser  |sTwe 13584 - oney N/D
0STT |SLTE £56 £00°v | FEOT LLTT | EPIT 661°T 681°T (8/1e07) anEA JYLIO[E) MO
688 {6T°SL 8887 [958 |ET: or'ce  |€E€TE €8'PE SETE (%) [el0L
§8'9 |SOEE sr9  fe80E  |€0L CI'6 6v9 LYot 6V°01 (%) w3AxQ
Se0  |9¥0 vzo  |9L0  |oTo LT0 9Z°0 L0 820 (%) SULIOTYD) sisAreuwy
00 [+00 so0 |r00  |so0 S0'0 900 0’0 P00 (%) 1rydpng | SO[QUSRATIOD JO | ruarmayy
0T |2r0 90 |SE0 |sLe 08°0 160 ¥8°0 +9°0 (%) wFoniN stsfpeery{
TR A R A 197 {809 [T 8L $6°C €82 i y4 (%) uadorpH arewnn
SUST |809€ st lisor fsoLr S00T 9912 LEOT £I'81 (%) uoqIe)
00°001 {0000L  [OO00L |00°00T |O0'00T 00°00T |00°00T  |00°00T 007001 (%) [e0L
BE¥E [9C9 9LEL  |8YIT | SH6L I76C  |vosE  |p6E £9'sT (%) L3 SINaIU0D
€8T |Srst 9ty |966 |zves 69Ty |£92E €70 0T'Ts (%) SO samy
689t |6Z°SL 888z |9s8L |Erse or'ee  {€E€TE £8P S1'ZE (%) safqusnquIoD) | -
00°00T |00°00T | 00°00T | 00"00T {00°001 00001 |00700T | 00°00L 00°00T - (%) e
99°61 |Zv'T 88'P1  |L9C - {EEST oLer  |eLse SLSY frovr (%) [e101-qng
819 |90 st |ooo  fisT oL |8 (8% 7L (%) (@12 ‘tos) s1oqO
9z'L . 000 £L¢ 000 LT 209 19T LEY 0T (%) | suows pue ofwess) | SIAQUSAGUIOIN]
0 |ooo 0z |ooo  |zoL L 9T - N 19t (%) SSE[D
019  JLLO €T |L9T |80¢€ |sce . JevT . Jigl 6ty (%) BIs
vE08 | 8S'86 ZIS8 |€cu6 |L9¥8  |OE0B (LTI sTy8 |ecss (%) - Eo-ang
ore |90°0 8€0 000 |000 19°0 L0 LLO A (%) | 1eqqut pue oqea] _
U9y |LL0 Zgee 1000 |9EST . |EEYT - |SE9E 99'ST 66°01 (%) POO PUE SSEIO) (o5eq 108)
95 |L6T. €85 1#0¢  |8LT {6EF 78T a4 [ (%) omsed| . o,
€€y |zro LTT - {1€0 920 LTt v’ %60 98T (20) SIXAL|  SIAAHSAQWOD |l o
e [9v'ss 6L {90v8 |vZOl vE'8 ST'E |es0t log1r (%) 1adeq reorsud
€TLT {026 L6'SE |TL - |E09S 9¢'Ty  |0T'L2 orzy - |6Lvs (%) casem U | o
610 {€0°0 0 |r00  JzED 170 $T0 L1 020 (13 Apawin oads wareddy
peoy | vonmusiq | wyrey [ S2WO | HEINASH aBe1aavy | oul w0 | -ouy A[pPIA | "ou] YBTH _ R

: L [PIMIAUIUIC)D) pIogasnol] UOLEMJISSE]D

A

B-23



h.ﬂ.m _ :

INIA W Aaarng uonrsodtor) aisep 1 Jo SNSIY

LT |8REZ ieeT o Js8sT |80t . JET'ST - 169°6C - oury N
- fosee . |ese £28 LY6. 699 . |vss  |@wew| - enma ouuops 5;3 _
: jogt8 |orie 06€T |o9ee 87NN V) 8 A8 (%) . [BI0L
& 6t Jrre §9¢  |9ts 88t 'L (%) wadixQ S
0. 190 |910 €20 0 A ST0 (%)  auuoMg) S8 | gishreny
00 00 {200 jp0. [v00 . |t00 £0°0 (%) sngdg | -snqUIod JO | eonpayy
0 - €0 |1SD 650 - |90 90 8v'0 (%) usdomN sisdpeuy
v 0z9 . [89T - vrz et (A S0Z (%) uaBorpdH e
LT j6L0E. . |eree. |26°ME . |STST - fT¥ST. - I809T - |STHI (%) - uogre)
J0000 [0000T - 100°00T . J00°00F |00'0OT  {00°00T |00°00T  ]00°00T 007001 (%) . [0y
06ty |09°€T O£ [OCTT (0601 06vZ |osve  josse 0sII (%) V|- SN U0
oric los9oz  |ooes |o6E  foLL9 . foTIS  |oeT oLy or'y9 (%) s aam(].
0LtT Joges Joree |oseR or'iz lo6€z  {09€C 0Ty 01'vg (%) sIqustquIe)
Joooor Joooor  Joooor {oooor oooor - fooroor Joooor  oooor 00001 (%) _ oL |.
SB'SE {968 900 |SES.. (¥L6 1661 {6TIE LT 8T (%) [eic1-qog
£0€C |96 20Tl |90 - [LEO 0T {P69T  |9STI 6LT (%) (219 “[1os) s10o
6,8 (000 65v {000  [6¢0 {trs  se6 vt 0T (%) |3uors pue onwera) | saqqusnquiosu]
wo |00 JoIT  [000 [65F . |SCE 19°€ oL 8Ly (%) ssel0)
feoe Jooe o fseT  jeLv  |eTy {60T |0zt 780 . |se (%) ERIN
STY9 4016 [V66L [S9PE {906 6008 |I869 . {8TT8 91°68 (2) [e101-q05
8.0 |ooo ZUT  f6L0 {0070 st t0's €0 L00 (%) |mqqu pue 1ages]

SSBE  [€0°L BE'EZ . f000  |TrS Ise8t  [1sECT 9$'IZ 8811 (%) POOM. pUR SSEID (a5eq 10m)
29c €89 IR 07 3 A G £ Los Le 9z’s 8Ly (%) auserd 1 wen
ey |98 T Jooo  [veo 98T 87 6£T . (44 (%) dmxeL] saqusnquiopf | g
e |Ls09 v89 [z908 |ssor 8 (082 €L 6LEL (%) - wodeg Teashug
Y06 |scor  isre |z ezeo - jeeer  [esoe  |ezsy 26°€S (%) . | ISBAM LAY o

fzro Jewo  seo Jevo  Jieo fero jero  Jsto |sro (13 Lyaessy ogoadg 1wareddy
prog | vonmnsuy | yorrepy | SIPWO | wremesay f aBeiaay § -ouy mo | -oup PPN | ou] ¥BIH .
_ _ ploYasnoH vopedHISSE)

qe'e’q d19el

B-24



®

Table B.3.3¢

Incomi)

Results of the Ultimate Analysis of Household Waste (Middle

A S
: Uhimate Analysis
Category Carbon | Hydrogen § Nitrogen | Sulfur | Chlorine | Oxygen 1(1‘;:;1
© (H) M) ®) (&) ©)
(%) (%) (%) (%) (%) (%)
Kitchen Waste 18.36 248 1.07 0.04 0.13 14.43 | 36.51
Paper 26.90 3.88 0.21 0.03 0.29 26.26 | 57.57
Summer | Textile |1 2481 328 1.03 0.05 0.23 19,50 | 48.90
Plastic - . 5446 9,44 0481 007 2.62 3.49 | 70.56
Grass'Wood 21.1%8 2.76 0.9 0.08 .19 17.62 | 42.73
Leather and Rubber 49.02 6.36 .31 0.08 0.62 3545 | 94.64
Kitchen Waste . | 10.30 1.39 0.60 0.02 0.07 - 8.09 12047
Paper 30.66 4.41 0.23 0.03 0.33 29.94 | 65.60
Winter Textile 2250 2.97 0.93 0.05 0.21 17.68 | 44.34
B Plastic 5542 9.61 0.49 0.07 2.66 3.56 | 71.81
Grass/Wood 17.75 232 0.75 0.07 0.16 14.76 | 35.81
Leather and Rubber 32.82 4.65 2.27 0.06 0.46 2590 | 69.16
L —

Table B.3.3d  Three Contents and Lower Calorific Value Results for Household
Waste (Middle Income)

Calegory Three Contents _ Lower Calorific
~ { Combustibles | Moisture Ash | Total Value (keal/kg)
: - (%) (%) (%) '
Kitchen waste | 36.51 . 53.58 9.91 100.00 1,219
_ Paper - 57571 3534 7.09 100.00 2,665
Summer | Textile - - 4890 41.38 9.72 * 100.00 2,314
. Plastic N 70.56 20.28 9.16 100.00 6,027
Grass/Wood 42.73 42.51 14.76 100.00 1,524
Leather/Rubber 94.64 1.30 406F  100.00 3,909
Kitchen waste 20,47 71.30 8.23 100.00 341
Paper 65.60 2575 8.65 160.00 2,589
Winter Textile 4434 48.85 6.81 100.00 1,443
Plastic 71.82 20.68 7.50 100.00 7,360
Grass/Wood 35.81 41.85 22341 100.00 1,375
Leather/Rubber 69.16 21.15 9.69 100.00 5,292
—
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Figure B.3.3a
Summer and Winter (1)
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Figure B.3.3b = Results of Physical Composition Survey of Commercial Waste in
Summer and Winter (2)

B -27



~Summer Winter
Market

(36.0%)

{41.6%)

(. 15)(‘ A%y

Institution -

(10.8%)

(85.5%)

(5.9%)

Street Sweeping

3%

{46.4%)

(ZI.0N)

Figure B.3.3¢c

Summer and Winter (3)
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B.4

B4.1

‘Findings. ~ -

Waste Amount -

4. Generatioﬁ '.Ratio

aa. Household Waste

aaa. Population by incomne level

In order to obtain the population ratio of high, middie and low income levels, the
Study Team carried out the following works:

i. ~ Managua City was divided into 980 wards (barrios).

ii.  The 980 wards were classified into high, middle and low income wards by the
staff of the Managua Municipality.

ili. - The total popul_étion of high, middle and low income wards is as follows:

Table B.4.1a Population by Income Level in the Study Area

l ~ Category Population'. ' Rate

High income 42,875 persons 4.0 %
Middle income 353,716 persons 330 %
Low income - 675,277 persons 63.0 %

| . Total 1,071,868 persons 100 % |

3ab. Generation Ratio Obtained from WACS

: Generation ratio obtained from WACS is tabulated in Table 2.1.4b. The result shows

a slight difference in seasonal gencration ratios. Accordingly, the average generation

- ratio in summer and winter is adopted as the generation ratio in the study area.



" Table B41b  Generation Ratio of Houschold Waste obtained from WACS = -
' unit: g/day/person

Income Level

~ 650.00 I

The weighted average of the gcncratmn ratio in thc Study Area was calculated as
followsﬁ - -

: 757_.5 x 0.04 + 680 x 0.33 + 650 x 0.63 = 664.2
Say 664 g/day/person
ab. Commercial, Market, Institutional and Street Sweepihg Waste
Generation ratios of each category of waste are shown in Table 2.1.4c. Generation
ratios of commercial, market and institutional and street sweeping wastes do not
differ in summer and winter. Therefore, the average gencration ratios were applied

to the generation ratios of each catcgory.

Table B41c " Generation Ratio of Market Shop, lnstltutxonal and Strcct Sweep-

ing Wastes

 unit: g/day/pcrsqn

o N ~ Generation Ratio |

Waste Category Unit In Summcr In Winter | Average |
Market Waste g/day/shop 3,750.00| 4,000.00} 3,875.00
Shop Waste (Restaurant) | g/day/shop 12,489,00| 15,166.00§ 13,828.00
Shop Waste (Others) g/day/shop | . 1,007.00} = 991.00{ 999.00
Institutional Waste g/day/person 6200 - 59.00]  61.00
Strcet Sweeping Waste g/day/Km - | 58,500.00] 41,200.00| 49,850.00

ac. Municipal Waste discharged from Medical Facilities

The gencration ratioc of municipal waste (nou-—mfecnous waste) chschargcd from
medical facilities is estimated as follows:

- Municipal wastc discharged from medical fdc1htu:s is collected by the
municipality.



- - The generation ratio of waste from medical facilities is estimated according to
the number of beds. The total number of beds in medical facilities receiving
collection service is 2,175 beds.

- = Medical facilities receive daily collection services.

_ -~  The amount of hospital waste collected daily weighs 6.3 tons according to the
3’ . truck scale at the Acahualinca disposal site.

According to the above, the generation ratio of hospitals was estimated at 2,897

© g/bed.

6.3 ton / 2,175 bed = 2,897 g/bed




_ Table B.4:1d -

List- of Medical Instltunons Rccclvmg Mumc1pahty Solid Waste

: Collectlon Scmccs

Medical Institutions | Dis- __Collection S Srmce ' Number
' trict ["Mon [ Tuc | Wed | Thu | Fri | Sat | Total | of Bed
.t Lup | Mar | Mic | Jue | Vie | Sab | -
Hos ital Carfos 2 L ' ® ® 3 127
Robc:to Huembes : _ :
Hospital 2 || @ @ . ® |3 165
- Psiquidtrico | C :
Nacxonal o : L
Hosp. 2 ® ® ® 3 48
_Rehabilitacion Aldo . g '
__Chavarfia - - 2 - : -
Hospital 2 ¢ e @ 3 70
Dcrmatolé ico - :

C.S Socrates Flores 2 ® @ o 3 0
CS Francisco | 2 ) ® ®| 3 0
Morazan '

Hos ital Lenin 2 L @ o ®| @ ® 6. 270
onseca -
Policlinica Central 2 @ @ ® 3 0
C.S Nifios Iy M. ® ® ® 3 0
Ayapa
I Hospital Bertha 3 o | o o o0 o0 6 313
Calder6n ]
! Hospital Monte 3 ° e ® 3 20
pafia l
Centro N.ac. Cruz 3 ¢ ® 2 0
Roja Nicaraguense - '
Hospital Fernando- 3 ® ® ® | & & 6 250
¢élez Paiz '
C.S Roberto 4 @ ® ® 3 )
Clemente . .
C.S Francisco Buit- | 4 @ @ o 3 0
1ag0 R
Oficinas INSSBI 4 @ @ e | 3 0
Hospital Bautista 4 ® | O ® ® e 0 6 40
Hospital Militar 4 L o @ ® & O 6 156
"Dévila Bolafios"
Hospital Manolo 5 ® L ® L IR NN 6 210
Monales
Hospital del Niio 5 @ ® ® e | o o 6 - 259
"La Mascota" ' . '
CS lewa Ferrufino | 6 L ® 2 ¢
H08pltdl Carlos 6 ® ® ® ® | ® ® | o 247
Marx (Aleman
Nicaraguensc) _ : _
Total 1 L3 L 1s 113 116 ] 14 [ - 1 2175 ]

Note : C.S (Centro de Satud)= Health Centre
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ad. Parks and Green Areas
The waste generation ratio'in public areas covered by cleansing services, such as
parks and green areas, is estimated to be 83.8 kg/ha according to the following
calculation: o

1.4 /167 x 1000 = 83.8

1.4 t/day: Collection amount weighed by truck scale

16.7 ha : Park and green arcas covered by public cleansing work

b. Determination of the Number of Generation Sources

The urban population, number of shops, number of hospital beds, number of public
officers, length of streets swept and the extended coverage of parks and green areas

* covered by the cleansing services in the study area are shown in Table B.4.1e.

w
I
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c. Generation' Amouht

The generation amount of the municipal solid waste (MSW) calculated based on the
- generation ratios, unit number of generation sources and disposal amount obtained
by truck scale are tabulated in Table B.4.1f
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B.4.2

Waste Co_mpositibn

The physicél composition, ASG and chemical analysis of houschold waste were
calculated, taking the weighted average into consideration, in accordance with the

- following population ratios:

- Population ratio -

High Income 4%
Middle Income 33%
Low Income 63%

- Wéightcd average

The physical composition ratio by income level was calculated as follows:

. Avcmgc'p_hysical.- Average physical A{/crage physical

composition in x 0.04 + composition in  x 0.33 + composition in x 0.63

- high income areas middle income areas low income arcas

" The waste composition results are summarized in Table B.4.2a.
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~ANNEX C

PUBLIC OPINION SURVEY
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ANNEX C PUBLIC OPINION SURVEY

Ci1

Cla

C.1.2

Method of the Survey

Objectives of the Survey

. Solid waste management (SWM) is a relevant aspect in the everyday life of a

community. The public opinion survey was carmried out to understand the
relationship and to learn the people's viewpoint concerning SWM, which will be

~ taken into account in the formulation of the SWM master plan. The main objectives

are summarized below,

= To determine the lifestyle

- To determine prevailing waste discharge methods

- To understand the existing waste collection service

—  To determine if recycling is possible .

- To understand fee collection and the financial statc of the area

- To determine degree of public cooperation of participation that may be
available : o

Selection of the Samples

In order to determine the prevailing conditions in the study area, public opinion and
basic information concerning SWM in the Study Area, sample residences and shops
to be subject to an interview were sclected in the following manner:

“~ A total of 180 samples were selected, 120 of which were from residential

areas and 60 samples in commercial areas.

- Residential arcas were classified into three categories by income lcvel as
follows: '
High income residential areas
Middle income residential areas
Low income residential areas

- The commercial areas were classified into two categories, i.e. restaurant and
other shops, and number of samples selected in ecach category is shown

C-1



below.

Restaurant : 20 samples
Other shops : 40 samples

Table C.1.2a  List of Public Opinion Survey Samples

Sampic
. mumbers
' : Vil Foatina - 0
Lotaxi de Monscmal - - o IR R o
L | Barrio Attagracs R 1)
: : Colonia Franciaco Monarin : HE P .
Colonia Bello Horizonte o 10
Jardimes dc Veracraz : 10
Low Incos . i : 4 ' " 10
Asxcanmicaio Ssmios Lépez. - O ' 10
Ascatamicaie A.C Sandino o 10
Commscrcial | Resanats | Rowsds Bollo Horizonie - * . 10
Area " | Alrededors del sper *Cindsd Jardin 1 10
— - e | e "
Alrededores del super *Cuidad Jardin : 20
IToul ' . : 180

The Jocation of the sampling points for the public opinion survey are éhown_in
Figure C.1.2a. '
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ci13

Method of the'Snrvey

- Takin'g'into account the present .condition of SWM and thc'charactcristic's of the.
: - Study Area the draft qucstlonnalre in Spamsh of SWM was reviewed and corrected

through discussion with the counterparts so that the contents of the qucsnonnarres'
mcct thc actua_l srtuatlon of the Study Area.

* Before the execution of thc survey, the Study Team pcrformcd a lccturc for thc
" interviewers in order to let them understand the ob]ectlvcs and the contents of the
- survey. ' '

POS was conducted by interviewing each rcsrdent shop and rcstaurant owners and
employees. The. interviewer vrsrtcd cach interviewee and collected answcrs from

them at the same time. All the answers were cntcrcd in the a computcr for analysrs
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