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In order to ensure EU’s transition to a climate-neutral energy environment, in accordance with the
Paris Agreement, enhanced energy efficiency of waste utilization emerges as an important tool to
achieve carbon neutrality goals. Several technologies for renewable waste treatment are
investigated lately, researches worldwide focusing on exploiting their energy potential and
diminishing the environmental impact. It is remarkable that, solid renewable waste is suitable to
supply in particular grate or layer combustion plants. This energy valorization solution reached the
technical maturity, experimentally and numerically proven. Further, to support regional
development incentives implementation, local utilization of different wastes is strongly
encouraged. Considering the fairly uniform territorial spread of poultry farms in Romania, this
paper presents a case study aiming to provide a sustainable solution for bird waste management
and local energy recovery from it, avoiding significant additional costs, as well as storage and
transportation issues. The energy independence level is assessed in two scenarios. To this regard,
the energy consumption of a real poultry production hall of 910 m? (located in Giurgiu County,
having 4650 birds/operating cycle, with a poultry waste flow of 558 kgwaste /day) is taken into
account. The first scenario analyzes the disposal (for energy recovery purposes) of poultry waste
as an individual raw material, while the second scenario investigates a mixture of poultry waste
and agricultural biomass residues. It is demonstrated that the electricity and heating requirements
of the hall can be partially satisfied in the first scenario and fully in the second one. Therefore, the
multi-waste management concept investigated in this paper represents a sustainable solution to
reduce industry’s carbon footprint, answering multiple requirements in the environmentally
friendly energy sector development.
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INTRODUCTION

Regulatory Framework

Following energy demand continuous growth, overlapped with traditional resources
availability limitations, the European Commission elaborated an action plan for circular
economy unfolding, complying also with the 2030 Agenda for Sustainable
Development targets (Directive 2008/98/EC, 2008). In reference to waste management
policies, it is remarked that they mainly pursue avoiding and reducing not only their rate
of generation, but also the potential environmental impact issued by their toxicity. The
most popular methods available to diminish the amount of waste are (Klemes et al.,
2019):

e  Waste reduction at source;

e Alleviating the waste flows in different sectors by implementing the best
available practices;

e Waste valorization by reuse, recycle and energy recovery;
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e Waste disposal through standardized incineration methods and warehouse
storage.

EU legislation regarding waste management imposes different treatment approaches
depending on the sustainability level of the regarded waste fount. The highest priority is
given to prevention and recycling, as evident also in Figure 1 (Law 211/2011). In order
to integrate waste management targets in a low carbon society and support circular
economy development, it is necessary to promote innovation and investments in new
waste treatment capacity while mitigating the losses determined by the standardization
shortcomings (Closing the loop — An EU action plan COM, 2015). As a consequence,
waste-to-energy conversion technologies are thoroughly investigated lately, researchers
worldwide focusing on sustainable solutions, with high potential in the circular
economy framework (Klemes et al., 2019).

Amount of waste

Energy recovery
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Figure 1. Waste management hierarchy.
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Depending on the type of waste, achieving the best outcome in terms of
environmental impact starts from the priority order given in Figure 1. Further,
considering technical feasibility, ecologic aspects and economic viability the treatment
approach is selected (Krajaci¢ et al., 2016).

Waste-to-Energy Conversion Technologies

A key step enabling the transition towards circular economy is to lay down a set of
ranked priorities that reduce the environmental impact, while achieving the optimal
resource efficiency in waste prevention and management (Dui¢ and Rosen, 2014). The
following waste treatment technologies emerge as having top integration potential:

e co-incineration of waste in combustion plants (e.g. power plants, cement and
lime production facilities);
waste incineration in dedicated facilities;
anaerobic digestion of biodegradable waste;
production of waste-derived solid, liquid or gaseous fuels;
other processes including indirect incineration following a pyrolysis or
gasification step.

It is highlighted that classification of these technologies according to the ranking in
Figure 1 takes into account many criteria and is actually complex. For instance, waste-
to-energy processes such as anaerobic digestion resulting in the production of biogas
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and digestate are regarded as a recycling operation. However, waste incineration with
limited energy recovery is considered disposal.

Considering the poultry industry development, poultry manure became lately an
important issue to be addressed. Land application may be sometimes restricted by
logistical limitations or over-application risks (Sarfaraz et al., 2020). The energy
recovery approach applied to the poultry industry waste encourages poultry producers to
integrate it within their own facilities, cutting the outsourcing related expenses.
Furthermore, biochar (secondary product in the energy recovery process) employment
as fertilizer can absorb excess nutrients if applied properly, even if the environmental
risks associated are similar to straight poultry litter landfill spreading (Hidalgo et al.,
2019).

Anaerobic digestion of poultry manure is used for biogas (with over 50% CH.
content) production. This resulting fuel can be further employed in heat and electricity
generation facilities. The remaining digestate could be used as crop fertilizer, but high
ammonia concentration in the raw waste and residual bacteria in the digestate represent
an important concern (Kelleher et al., 2002).

Direct combustion is not a very effective waste-to-energy conversion technology
using poultry manure, because of its high moisture content (which represents a
drawback is exceeds 10%) (Mihaescu et al., 2019). However, dry poultry litter has good
calorific values. Additional concerns are linked to the ammonia, potassium and sodium
fractions, posing problems not only in the actual burning process, but also from the
harmful emissions perspective (Lazaroiu et al., 2018). Other important factors
influencing combustion efficiency refer to fuel supply chain, moisture content and
temperature of the poultry litter, as well as the duration of outdoor storage.
Investigations reported in the literature estimate a net electricity production through
poultry manure direct combustion in the range 0.75 to 1.15 kWh/kgpmanure (Cavalaglio
etal., 2018).

Another technology employed for poultry manure treatment is pyrolysis. In this
process, the waste is heated up to high temperatures, in an environment lacking oxygen.
The direct products (biogas or biofuel) are suitable for electricity generation, while the
secondary biochar can be used as fertilizer (containing high phosphorus and potassium
contents per mass unit, enabling a net zero economic value in the bioeconomy
framework) (Mihaescu et al., 2018). Although both direct products issue greenhouse
gases during combustion, the resulting environmental impact is much lower compared
to fossil fuels, due to net CO; neutrality. Although pyrolysis is a feasible solution, both
from environmental and technical points of view, the mass processing infrastructure for
medium to large scale applications is not yet available (Hadroug et al., 2019).

Aims of Research

This paper introduces a multi-waste management concept, representing a sustainable
solution to reduce industry’s carbon footprint, answering multiple requirements in the
environmentally friendly energy sector development. More in detail, the paper presents
a case study aiming to provide a sustainable local poultry waste management solution
by means of energy recovery approaches. The energy independence level is assessed in
two scenarios. To this regard, the energy consumption of a real poultry production hall
of 910 m? (located in Giurgiu County, having 4650 birds/operating cycle, with a poultry
waste flow of 558 kgwaste /day) is taken into account. The first scenario analyzes the
disposal (for energy recovery purposes) of poultry waste as an individual raw material,
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while the second scenario investigates a mixture of poultry waste and agricultural
biomass residues. It is demonstrated that the electricity and heating requirements of the
hall can be partially satisfied in the first scenario and fully in the second one.

WASTE CHARACTERISTICS

From the point of view of the classification of waste used experimentally, poultry
manure and / or by-products of crops and forests, depending on its nature it is from the
category of household and assimilated waste, and depending on its origin it is from the
category of agricultural and food waste, organic waste, which requires collection
procedures and particular treatments.

In the analysis of the optimal waste treatment chain with energy recovery, the results
obtained from the environmental impact analysis, the energy analysis and the economic
analysis, respectively, will be taken into account.

As a result of increased demand, poultry production has expanded in Romania,
creating the need to properly manage wastes generated by this industry. The most
common method over time has been to apply poultry manure to the field as nutrients.

Based on the large amount of poultry manure generated, we have advanced a case
for the construction of a small power plant, which will be supplied exclusively with
farm-generated poultry manure (scenario 1), or farm-generated poultry manure mixed
with forest biomass (scenario 2).

Analysis of the properties of raw chicken manure, pre-dried and mixed with wood
pellets confirms that the drying process is necessary for the self-sustaining
combustibility of chicken manure. The use of mixtures should significantly facilitate the
thermal transformation of chicken manure, regardless of the form of animal waste. The
heating value of the samples is evaluated based on the elemental composition, according
to equation (1) (Mihaescu et al., 2019):

Hi=2336-[145-C+610-(H-0.125- 0)+40 - S+ 10 - N] [k)/kg] @
where C, H, 0, S and N represent the wight percentage of each element.

As expected, the biomass composition differs significantly. Wood pellets have
higher organic matter and a lower ash content, resulting in a higher calorific value than
that calculated for chicken manure. The results are listed in Table 1.

Table 1. Elemental analysis results

C H O S N H' [kJ/kg]
Poultry 35.81 1.72 58.53 0.08 3.86 4252.78
manure
Wood 52.45 6.81 40.55 0.04 0.15 20 254.32
pellets

ENERGY CONSUMPTION OF A POULTRY HALL

The bird farm Buturugeni, Giurgiu (Figure 2) is considered in this study. It is located
in the southern region of Romania, where solar irradiation reaches 1400 kW h/m?year,
corresponding to 160 W/m? incident direct radiation (https://solargis.com/maps-and-gis-
data). The poultry farm considered in this study consists of 18 meat poultry production
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halls identical in terms of their sizing. The assessment presented here is made for an
individual hall, but the results can be conveniently multiplied to include more,
providing relevant information about the energy independence capability of the entire
farm.

The specific production parameters vary depending on the age of the birds, from
32.5°C and 50-70% relative humidity, to 21°C and 60-70% relative humidity. it is
considered a herd of 4650 birds/operating cycle. The heat flow generated by the birds is
of 0.12 kW/bird, and the manure flow reaches M = 558 kg/day.

o S g < K st ‘

Figure 2. Details of Buturugeni poultry farm
Poultry Hall Geometry

The geometric characteristics of each hall are the following: Length: L = 76.9 m;
Width: W = 11.84 m; Height: H = 3.8 m; Roof surface: Aror = 1 138.12 m2. The surface
of the side walls is determined as: Awans = 674.42 72.

Electricity Consumers

Each hall is illuminated by 26 fluorescent tubes, with a power of 58 W/fluorescent
tube. Heating, ventilation and other requirements are satisfied as follows:
e 2 radiators, with a rated power of 12 kW/radiant;
e 4 motors of 0.55 kW/motor, with reducer and power supply sensor, ensure the
feeding of the bird supply coils with fodder;
e 1 motor 1.5 kW for feeding the outer hopper;
e 6 fans/hall, of 35 m¥h per fan, with a rated power of 1.5 kW/fan;
e 1 variable front fan/hall, with a power of 0.55 kW.

RESULTS AND DISCUSSIONS

Based on the geometry characteristics and electricity load and consumption data, the
inlet heat flows (1 — radiative flux, 2 — ventilation airflow, 3 — birds body heat, 4 —
internal misting flow), the heat losses and accumulated heat are determined. Then,
considering the manure flow, the possible amount of energy to be generated in both
scenarios (taking into account a global waste-to-electricity conversion efficiency of 0.4)
is evaluated.

In scenario 1, the energy independence level ensured by exploiting the exclusively
the poultry manure reaches 25%. Regarding scenario 2, a sensitivity analysis is
performed in reference to the share of biomass (having the properties in Table 1).
According to Figure 3 it is noticeable that a full energy independence level is achieved
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for a biomass share of 80%. Depending on the biomass supply conditions, a tradeoff
between the energy independence level and biomass costs has to be accepted.

100% /
, 5o

10% 25% 40% 55% 70% 85%

Biomass share [%

Figure 3. Sensitivity analysis in reference to the biomass share in scenario 2

CONCLUSIONS

In the field of zootechnical production, waste recovery is required by the extension
of concentration and specialization by species and products. Continuous reduction of
specific consumptions and improvement of production technologies, storage and
treatment of zootechnical residues are the main trends in the field. Agriculture can
become the main user of all livestock waste, thus ensuring a renewable energy supply
while providing high quality production and protecting the environment. In conclusion,
energy recovery in a multi-waste approach is a viable solution to reduce industrial
energy consumption, but also to optimize the costs of managing and disposing of
wastes. Specifically, the energy independence level can be increased from 25% up to
100% by mixing the poultry manure with a higher calorific value biomass residue.
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