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2.2 billion tonnes

waste generated i

per year

1 uU ¢

99% of products
disposed of
within 6 months

Landfill Gas:
60% CO,
40% CH,

O; Impact:
CH, = 25X CO2
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< e 118 Buildings with

o different purposes , Over 20,000

(accommodation, =" people (students
catering, -, e and staff)
education)

Aprox. 280 tons of
waste per year
(general +
recyclable)




Improve the Improve collection

efficiency of waste Reduce generation
management of waste
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INFORMATION MODELLING

—Frows of People
Dy P

Flows of Waste
7 f:,_;F-—I—Q:WS of Servige

Building Geometry

This Photo by Unknown Author is licensed under CC BY-


https://www.peoplematters.in/article/compensation-benefits/digitization-of-employee-benefits-15448
https://creativecommons.org/licenses/by-nc-sa/3.0/
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Construction Bias

Organisation Description

00 EIR, BIMSmart Template

01 EIR, Large Higher Education Facility - UK

02 EIR, Medium Local Government - UK & 1 - )
03 EIR, Medium Local Government - UK BIM FM Illlteracy
04 EIR, Large Higher Education Facility - UK

05 EIR, Large Government Department - UK
06 BEP, Large Higher Education Facility - UK

07 BEP, Large Government Department - UK .
08 BEP, Large Higher Education Facility — UK F r ag m e n tatl O n

Table 1: EIR & BEP Research Sample Profile

Minute OM Information

Source: Comlay, J. & Codinhoto, R. (2017) Facilities Management: Granularity of Information for a
Digital Information Platform. In Proceedings of the International Conference on Sustainable Futures
(ICSF) Bahrain 2017






WASTE Data
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Lowy footfal High footfall

Library occupation variation (population only includes those in the Library for Crowed Footfall Analysis
teaching and assessment purposes) (Estates 2017)

PEOPLE Data Flow




Location 1 (
Term time:

Monthly waste variation on the UoB campus (not all sources of waste are
included in data) (Estates 2017)

Library level 3 population versus weight of waste in bins; term and holiday time

WASTE Data Flow




Definitions

T - Bin period

T1 - Bin that reaches full capacity at every collection

T2 - Bin that reaches full capacity at every other collection
C - Collection regime

C1 - Collection regime that only includes T1 bins

C2 - Collection regime that includes all bins

Excel flowchart

immediately prior
to collection
(Relative bin
utilisation
rements)

Calculate capacity of
a bin

Collection regimes assigned using bin periods

Bin collection periods

Moming collection Aftemoon collection

Moming
collection that
only
incorporaes

T1 bir

Calculate average % o
capacity filled from n Assign bin periods, T m?gifilgbrl_d?r!rl‘z:
measurements 3 egimes

Afternoon
IF utilisation collection that
incorporaes
both T1&T2
bins,

Bin period, T




GEOMETRY

101 ske_1x

Level 3 C1 collection network Voronoi diagrams for room per
visualisation in Gephi setup bin allocation
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Wigrrsing colleCion regeme, 1, node relection
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Shortest porter path using the ‘Travelling Salesman Problem’ algorithm




Network statistic in Gephi Level 3 Level 2 Level 4 Level 5 Bin collection time in Dynamo
Cc1 2 Cc1 1 Cc1 Seconds Seconds per bin
Nodes 5 31 8 8 6
= AERE RESULTS
Av. Degree 2.3 2.6 23 2.5 2.3 62% -171%
Av. Weighted Degree 33 4 36 28 41 -89% 83%
Network Diameter 3 10 4 4 3 97% -88%
Graph Density 0.47 0.09 0.32 0.36 0.47 -91% 94%
Av. Clustering Coefficient 0.33 0.25 0.14 0.14 0.36 91% -80%
Modularity 0.24 0.46 0.32 0.24 0.17 4% 47%
Av. Path Length 1.67 4.25 1.96 2.00 1.67 97% -87%
C1 and C2 bin network visualisation and statistic comparison 1 6 d ay S pe r ye a r' ( 1 fI Oo r)

03 6w RP T1

80 days per year (library)

06_GW_T1 05_GW_T1

Ghephi: Level 3 Cé and C1 bin network 9 - 5 k d ays ( U O B)
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Positive nudge impact

Accumulative waste weight (kg)

‘-”-'OU_J‘—{ o oa b4 12 13 15 17 18 20 22 23 0 [IE} o4
_mmmmm:"“ [“"""’]_m N Source: Beeche.r, 0. (2918) Towards a method for reducing the opgrqtional costs.and envirqnmental
impact of Municipal Solid Waste Management Systems through Building Information Modelling and
Bin weight before and after the Digital message screen intervention ‘Nudge Theory'-inspired interventions; a case-study approach in the University of Bath Library.

Dissertation.







General Waste Bin 1
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FIGURE 26: FLOOR 3 GENERAL WASTE HEIGHTS BIN 3
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FIGURE 27: FLOOR 3 GENERAL WASTE HEIGHTS BIN 4 FIGURE 12: EXCEL TO DYNAMO IMPORT - DAY
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FIGURE 13: EXCEL TO DYNAMO IMPORT - WASTE HEIGHT

FIGURE 35: FLOOR 3 COLOUR OF BINS JUST BEFORE COLLECTION 19/03 - 22/03

Cloud data from Sensors ‘Kambin’ Dynamo Code Live waste management
on Revit Model
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EXPERIMENT THREE: ACCOMODATION
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BINs

> Moving/ Collecting

Quarry

= 70 hours per year

Process
Waiting

BiNs

> Moving/ Collecting

Marlborough Court Woodland Court
= 75 hours per year = 104 hours per year



Conclusions

Current available information suffice for
a waste information model

loT can increase accuracy of Waste
Management System

Significant amount of time can be saved
with Waste Collection

A digital system supports reduction of
waste generation.

Modelling legacy is major barrier
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Reinventing the Wheel

Image Source: https://www.tente.com/en-gb/product-families/castors/e-drive

Source: https://hackaday.com/2017/07/02/a-beverage-cooler-that-comes-
to-you/
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