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1. Problem and Motivation 

Urban solid waste management constitutes one of the most pressing structural challenges for Latin 
American cities. In Bogotá, Colombia, more than 9,400 tons of solid waste are generated daily, of which 
approximately 51.32% is organic material. Despite institutional efforts to promote source separation and 
valorization, over 85% of total waste continues to be disposed of at the Doña Juana landfill; a facility that 
has experienced three major collapse events since inauguration and faces imminent saturation. 

This trajectory is not exclusive to Bogotá. Across Latin American capitals operating under public-private 
waste collection models, where municipal authorities finance private operators with exclusive concession 
rights over geographically delimited zones (Áreas de Servicio Exclusivo, ASEs), organic waste valorization 
remains structurally marginalized in favor of linear disposal logic. The persistence of this pattern reflects a 
systemic problem: it emerges from the feedback dynamics between population growth, informal recycler 
behavior, private operator incentives, regulatory capital accumulation, and the absence of organic 
valorization infrastructure. Addressing it requires not only an engineering artifact, but a model capable of 
capturing how that intervention propagates through the system and measurably reduces landfill inflows 
over time. 

2. Approach and Methodology 

This research develops a system dynamics (SD) model, grounded in Sterman's Business Dynamics 
methodology, that simulates the transition from a baseline waste management state to an idealized state in 
which a mixed public-private Organic Waste Processing Plant (OWPP), constituted as a public utility 
company (Empresa de Servicios Públicos, ESP), is embedded within the ASE 2 concession zone. ASE 2 
was selected as the intervention site due to its highest organic waste volume among the five concession 
zones and the absence of any existing valorization initiative. 

The current-state model captures the principal stocks and flows of Bogotá's waste system: organic waste 
volumes entering each ASE; informal and formal recycler populations and their formalization dynamics; 
institutional capital and its reinvestment feedback loop; and total residues reaching Doña Juana as the 
primary response variable. Key parameters were calibrated against publicly available data from the UAESP, 
the CRA, and the Bogotá City Council. The model was subjected to dimensional consistency tests, extreme-
condition tests, and sensitivity analysis across all principal parameters, yielding evidence of structural 
robustness. 

The ideal-state model introduces the OWPP as a new subsystem within ASE 2. The plant processes organic 
inputs through three integrated industrial processes: vermicomposting, anaerobic biodigestion, and bone 
calcination that transform organic waste into several marketable outputs such as yielding compost, enriched 
compost, humus, digestate, and biogas. Its transformation rate ramps from 14.77% in Year 1 to 29.54% by 
Year 5. The intervention was identified using Donella Meadows' leverage point theory and Werner Ulrich's 
Critical Systems Heuristics (CSH), which expanded the model boundary and incorporated stakeholder 
legitimacy dimensions; particularly the structural role of the private concession operator Lime S.A. E.S.P., 
who was integrated into the OWPP's shareholder structure. 



3. Preliminary Results 

Figure 1 presents the core simulation result: a direct comparison between the current-state and ideal-state 
model trajectories for waste reception at Doña Juana over the five-year simulation horizon. While the 
general growth trend of landfill accumulation is not reversed, reflecting the structural inertia of the system, 
the introduction of the OWPP generates a sustained and progressively widening divergence between the 
two curves. In quantitative terms, the ideal-state model produces an estimated diversion of approximately 
one million tons of organic waste per year that would otherwise reach the landfill. This result confirms that 
the OWPP functions as a structurally effective intervention node within the existing concession 
architecture. 

 Figure 2 presents the projected 
free cash flow (FCF) for the 
OWPP over years 0–5. The model 
begins with an initial capital 
expenditure of approximately 
COP $60.5 billion ($15 billion 
USD), reflecting the infrastructure 
investment required to establish 
the mixed ownership ESP. From 
Year 1 onward, the operation 
generates positive and growing 
cash flows, resulting in a Net 
Present Value (NPV) of 

approximately COP $3.69 billion ($920 million USD) and an Internal Rate of Return (IRR) of 7.37%. An 
operating margin of 43.31% and a net margin of 34.61% further confirm that the intervention is not only 
systemically effective but financially viable, which is a critical condition for its implementation within the 
contractual framework governing private concession operators. 

Together, these two results constitute the 
empirical core of the research: the proposed 
intervention is both systemically effective and 
economically sustainable. The combination of a 
rigorous SD model and a validated financial 
structure position the OWPP as a replicable 
policy instrument, not merely a simulation 
exercise. 

4. Open Research Question and 
Transferability 

The applicability of the SD model to other 
urban contexts is conditioned on a structural prerequisite: the target city must operate a public-private waste 
collection model in which a municipal authority finances private operators holding exclusive concession 
rights over geographically delimited zones. This criterion is met by several Latin American capitals, 
including Lima, Santiago, Buenos Aires, and Sao Paulo, establishing the Bogotá case as the empirical 
anchor of a broader methodological contribution: a transferability framework through which the SD model 
can be adapted to structurally comparable waste management regimes across the region. 
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Figure 1. Current vs. Ideal State: Waste Reception at Doña Juana 

Figure 2. Projected Free Cash Flow in COP of the OWPP (Years 0–5) 


