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Abstract

:

In recent decades, European countries have developed concepts, definitions, and construction technologies for Zero Energy Building (ZEB) that are effective and correspond to their specific climates. Latin American countries are still trying to find adequate solutions which respond to the local climatic, cultural, social, technical, and economic context. As such, this paper aims to establish the basis of the minimum energy efficiency and the renewable threshold for the definition of ZEB in order to better understand the application in Panama, based on assessing the energy regulations implemented in Panama. To achieve this aim, a review concentrated on the concept-definition and implementation adopted by Latin American countries is presented first before the paper converges into defining a framework for application in Panama. Finally, a case-study-based theoretical framework proposing a ZEB definition for Panama is discussed. The results of this study showed a net primary energy balance, of which the range falls into a plus energy building definition, indicating that all of the cases studied could supply their electricity needs using Photovoltaic generation. All dwellings studied have the potential to become a plus energy building, depending on the available roof surface area. Finally, a strengths, weaknesses, opportunities and threats analysis is presented in order to assess and support the introduction of such a ZEB definition and framework.






Keywords:


Zero Energy Buildings; nZEB; NZEB; tropical climate; residential sector












1. Introduction


Climate change is a problem that has received substantial interest. To mitigate greenhouse gas (GHG) emissions, the cooperation of different sectors is important; alliances, such as Paris Agreement and the Marrakesh Agreement, and the 17 sustainable development goals have established goals for decreasing GHG emissions. This is because greenhouse gas emissions impact the economy, society, and the environment [1].



In recent years, the effects of climate change have been causing disasters in different countries. The effects of global temperature and greenhouse gas emissions have increased drastically. In the European Union (EU), the building sector is responsible for approximately 40% of the total energy consumption and the EU is forecasting additional expansion [2]. As such, techniques in the construction of residential, hospitals, offices, and commercial buildings can help to mitigate the impacts in the building sector. The European Community began implementing the concept of Net-Zero Energy Buildings (NZEB) and new policies for the construction of new buildings. European policies are focused on reducing energy consumption in buildings in order to achieve the EU 2020 goals [3], and by 2050, all major business sectors must operate in a state of zero carbon emissions [1]. According to the member states of the EU, the implementation of NZEBs represents one of the biggest opportunities for increasing energy savings and reducing greenhouse gas emissions.



The EU legislative framework has been significantly strengthened in recent years through changes to the Energy Performance of Buildings (EPBD, 2010/31/EU) and the Renewable Energy Directive (RED, 2009/28/EC). Both directives outline the conditions needed to achieve nearly Zero Energy Buildings (nZEB) by 2020, and all member states must integrate these requirements into national legislation, as well as setting appropriate market instruments and financial frameworks to allow for the wide implementation of these ambitious targets [4]. A minimum energy efficiency threshold has been implemented in European countries, using proposed indicators [5] to effectively move towards nZEB in a more robust framework.



The progress and implementation of NZEBs around the world have different indicator values depending on their climate, the concepts that have been developed, construction techniques. As such, there is still a gap concerning national NZEB definition.



Each country must develop its own NZEB concept. In this way, new designs can be developed to reduce the amount of energy used in new buildings. Different studies present definitions for NZEB [4,6,7,8], and these differ according to the regulations and climatic conditions of the country in question.



Some countries in Europe have not yet settled on a regulation or clearly defined concept of NZEB. Romania and Portugal both presented problems, such as the absence of professional knowledge in the design and construction of NZEBs, an absence of local construction materials to scope a high standard, and the absence of local HVAC equipment to allow for high energy performance [9].



In Greece, the contribution of a new Building Energy Performance Regulation (REPB) was analyzed in a case study focusing on two residential buildings: a single residence and building with multiple residences (15 apartments) [10]. Here, the requirements set before by the regulation of thermal insulation and after the application of the REPB for the four climates zones of Greece were examined. The assessment was based on a numerical analysis using the national calculation tool for building energy performance, “TEE KENAK”, and the Technical Guidelines of the Technical Chamber of Greece. The results show that the implementation of the REPB significantly reduced the required heating loads for space heating in all climate zones by 37% to 48% for both building types. This was mainly attributed to the reduction of heat transfer coefficient (U-value) of the building envelope. In addition, active strategies, such as the improvement of electromechanical systems performance by the installing of flat plate solar collectors for domestic hot water heating, produced significant energy savings, in the range of 51–58%.



In Portugal and Spain, the requirements for building renovation through the transforming of the existing buildings into nearly zero energy buildings (nZEB), were analyzed in relation to a three-story residential building through the use of numerical simulation [11]. In both countries, it was necessary to change the active systems in order to achieve nZEB requirements and to retrofit the envelope, achieving more restrictive U-values, for major renovations as good practice towards the decarbonization of the residential sector. The results showed that applying the nZEB standards to the renovation of the multi-family buildings in both countries significantly contributed to the decarbonization of the building stock for this type of building typology, with reductions of 80–96% of CO2 emissions in Portugal and 71–94% in Spain.



Moreover, the authors in [12] analyzed the evolution of the Energy Saving of the Technical Building Code (CTE-DB-HE) for residential and non-residential sectors in Spain, taking into account aspects and changes during the last 15 years. They compiled the requirements necessary to achieve nZEB, such as reducing the limit value of energy efficiency by zone and the total installed power per lighted area, establishing a series of conditions for controlling heating and cooling demands, highlighting the global heat transfer coefficient and limitations to the building thermal envelope.



On the other hand, a case study based in Cyprus discussed the impact of the implementation of the Energy Performance of the European Union Buildings Directive (EPBD) on the Energy Performance of the Cyprus Land Development Corporation Buildings [13].



In [14], a review of net-zero energy buildings in hot and humid climates was studied in order to summarize NZEB key design strategies, technology choices, and energy performance. A summary of current policies of zero-energy buildings worldwide was discussed, but none from Latin America were included. Few humid tropical countries have related policies. It is essential to implement policies and incentives, and to follow up on this type of proposal, to ensure a stronger adoption of NZEBs in hot and humid climate regions.



Implementing NZEB policies is only one part of the process, and social and financial aspects must also be considered for effective execution. A study conducted in Singapore [15] adopts the Triple Bottom Line (TBL) principles: social, environmental, and financial. The results provided a framework and modeled cases for design insights and parametric designs. In addition, differences are found between the case study results based in a tropical climate and results from those studies based in non-tropical climates. This aspect indicates the need for case studies conducted in regions with a humid tropical climate. An approach to calculate the net present value (net difference between the profits and costs of the system in present or annual values) and discounted payback period (the minimum time it takes to recoup investment costs) of BIPV to achieve nZEB was presented in [16], in relation to four case studies located in Milan, Brazil, Shanghai and Awali. Simulation showed that the NPV value of environmental and societal advantages for the studied countries could vary from 1403 USD per watt peak to even 2710 USD per watt peak, depending on the values of the examined factors for each case study.



Using dynamic and parametric simulation models, Li et al. [17] analyzed two aspects in order to maximize on-site renewable energy supply as pathways to reach the net-zero energy target by the sector of net-zero energy buildings. The results and findings focused on the design and deployment of the residential net-zero energy buildings integrated with solar energy in hot and humid climates.



A good way to provide strategic, organizational, and tactical aspects of NZEB is a roadmap. A roadmap works to help nations or regions with detailed guidance, planning, and design. Two NZEB roadmap strategies for industrial countries and non-industrial countries are presented in [1]. A roadmap for industrial countries to achieve NZEB that many nations should follow is presented in Figure 1. The strategic approach presented facilitates the NZEB design. The contrary is encountered in relation to non-industrial countries, where there are opportunities to develop new concepts and definitions for NZEB according to socioeconomic status. The roadmap towards NZEB in non-industrial countries can only be achieved in the long term, as presented in Figure 2. A vision that unifies the industry, government, professionals, community, and health institutions, should be established in the short and middle terms.



The energy demand of a building is influenced by many climatic parameters, such as temperature, solar radiation, wind direction, and moisture, where buildings act as a climatic modifier. Depending on the building’s location and the climate zone and type (cold, hot, hot summer, cold winter, mild), energy consumption can vary. According to [18], the most frequently addressed factors influencing the energy consumption of buildings are: the climate, building-related characteristics, building systems and/services related characteristics, occupant-related characteristics, socio-economic and legal-related characteristics. In nZeb, one of the main aspects that impacts electrical energy consumption is efficient appliances and lights [19].








	(a)

	
Net zero energy building









In general, a net zero energy building (NZEB) is a residential or commercial building with greatly reduced energy needs that is designed in such a way that it can be supplied with onsite renewable energy generation [20], with no requirements for energy from the grid; thus, the net energy balance is zero.



However, the concept of NZEB has different definitions according to the goal. Four developed definitions have been presented in [21]: net zero site energy, net zero source energy, net zero energy costs, and net zero energy emissions. Each definition, conforming to a different energy use accounting method, uses the grid for net use accounting and has different applicable renewable energy sources. An annual balance of 0 kWh m−2 y−1 of primary energy use typically leads to a situation where a significant amount of onsite energy generation will be exchanged with the grid [22].



The ZEB concept can be represented graphically, as in Figure 3. This figure shows an XY graph where the horizontal axis represents the annualized embodied energy (AEE) and the vertical axis represents the annual energy use (AEU). The life cycle zero energy building (LC-ZEB) is represented by a 45° straight line. Buildings along the horizontal axis represent zero energy buildings (with zero annual energy use), appearing closer or further from being LC-ZEB.



Other classifications of ZEB can be found. For instance, NZEB classifications from NZEB:A to NZEB:D are proposed, based on the renewable energy type and location with respect to a building [20]. This classification system recognizes many possible renewable energy supply options, depending on the site constraints and locally available renewable options.



The definition of NZEB often used in the United States is a building designated as using zero site energy, a calculation which is based strictly on annual energy consumption. The amount of energy provided by on-site renewable energy sources is equal to the amount of energy used in the building [24]. The objective for NZEB is to produce as much energy as they consume. One of the challenges with NZEB is the renewable sources that it must contain, such as solar panels, heat pumps, wind turbines, fuel cells, equipment for the recycling of rainwater and gray water, etc., that require substantial capital in order to be procured [25].








	
(b) Nearly zero energy building








Alternatively to NZEB, a nearly zero energy building (nZEB) is defined as “a building with very high energy performance, as determined in accordance with Annex I” [2]. The nearly zero or low amount of energy needed must be covered with mostly renewable energy sources that are produced on-site or nearby. However, the net energy balance is not zero and depends on different aspects. The Energy Performance of Buildings Directive (EPBD) states that the member states shall detail nZEB definitions, reflecting regional, national, or local conditions, and a primary energy numerical indicator that should be expressed in kWh m−2 per year. The primary energy factors used to determine the primary energy use may be based on national or regional yearly average values, taking into account relevant European standards [3,26].



Moreover, different zero energy building definitions were presented and discussed regarding the main authors [27]. One of the most commonly-used definitions, provided by Satori et al. is: “a nZEB is a building with greatly reduced energy demand that can be balanced by an equivalent on-site generation of electricity, or other energy carriers, from renewable sources”.



1.1. Motivation and Objective


European countries developed ZEB concepts, definitions, and construction technologies that effectively correspond to their respective climates. Latin American countries are still trying to find adequate solutions that respond to the local climatic, cultural, social, technical, and economic context. As such, this work aims first to comprehensively review former ZEB studies in Latin America in terms of the local climate and technical aspects only. Secondly, the energy regulations implemented in Panama are assessed in order to establish the basis of the minimum energy efficiency and a renewable threshold for nZEB definition and thus better understand the application of the ZEB concept in Panama.




1.2. Scope and Structure


The study presented here reaches out to the fundamentals of nZEB and NZEB concepts defined by developing countries. However, it is concentrated on reviewing the concept-definition and implementations adopted by Latin American countries and converges into defining a framework for application in Panama (Figure 4). This study summarizes both Latin American and local statistics of energy consumption in buildings (Section 2), followed by the experience of NZEBs in Latin America and descriptions of each country (Section 3).



A previous comprehensive review, which allowed the conception of a theoretical framework to propose a nZEB definition for Panama, is addressed in Section 4. Afterward, a discussion is presented in Section 5 about the energy range values and considerations for nZEB in Panama, based on the standard dimensions for residential buildings.



Finally, new limit values for considering ZEB in Panama are reported, along with a nZEB definition for Panama. A SWOT analysis is presented in order to assess and support the introduction of such a definition and framework.





2. Implementation of nZEB and NZEB in Latin America


In order to identify the different applications based on nZEB or NZEB concepts, an inspection of the literature has been carried out with the search strategy described below.



The procedure to select the final papers on this research includes five steps (Figure 5):




	
To gather as many studies as possible, the use of scientific databases such as Scopus, Google Scholar, Science Direct, and Springer were selected.



	
The search was performed in each of the scientific databases, applying the Boolean operators. The main co-word combinations were “nearly zero energy building,” “net zero energy building,” “nZEB,” AND “country” OR “NZEB”, in which the country represents each of the Latin American countries, with a total of 21.



	
A complete review of the preselected articles in order to select those sources that provide information related to the ZEB framework, concepts, and Latin American studies.



	
A full review of the title, abstract, keywords, and most relevant papers.








The criteria employed in the literature selection were: (i) Latin American studies regarding energy in building, (ii) zero energy building, and (iii) any experience in zero energy building for Latin America, with no limitation on the year of publication for the studies. The final step corresponds to the resulting list of documents. The final list of documents was analyzed by: (i) building energy efficiency regulations, and (ii) ZEB experience, with information collected on the country, climate type (city), type of ZEB, energy consumption, type of project (status), type of building, or building sector, energy-saving strategies, building area, U-values and energy generation.



Policies and regulatory measures regarding energy usage have been implemented over the last decade in Latin America. Their implementation generated a trend, which is shown in Figure 6. Oil and natural gas have been the principal resource supplying energy to buildings in Latin America. The residential energy consumption has increased through the years, with a 14,461 ktoe of oil, 12,349 ktoe of natural gas, and 67 ktoe of coal being consumed annually by 2017 [22,28].



One measure for decreasing energy consumption in buildings is the implementation of nearly zero energy buildings (nZEB) as the new building target [8]. Latin American countries, such as Costa Rica, Argentina, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, and Uruguay, have building energy efficiency regulations [24,30], and few local studies have focused on NZEB or nZEB. Sustainable building codes worldwide are on the rise, mainly because they are effective instruments to improve the efficiency of residential and non-residential buildings. The most demanding building energy codes in the world require buildings to be net-zero energy. In addition, renewable energy systems integration is being considered in these building energy codes [25,31]. Table 1 gathers the countries in Latin America that have applied the nZEB or NZEB concept as either a preliminary study, academic study or finished project. The missing countries (Bolivia, Costa Rica, Guatemala, Honduras, Nicaragua, Paraguay, Republican Dominican, and Puerto Rico) do not appear in the literature using the nZEB or NZEB concept. In Venezuela [32] different factors were applied to compare to other cities, but the nZEB concept was not implemented in the final results.



2.1. ZEB Type and Energy Saving Strategies According to Climate


First, a classification of the type of climate has been implemented according to the Köppen climate classification. Each country presented a different climate type according to their cities. Even though there can be a variety of climate types in each country, the climate types presented here are only those that appear in the literature as having an experience with zero energy building in Latin America. Climate classification is a reference to compare with other countries and their experience, some construction materials, and regulations. In this sense, Panama can be compared to Brazil, Colombia, Cuba, Haiti, and El Salvador. The same applies to other countries with comparable climates. Panama also has another three types of climates (Cwb, Cfb, and Am), a fact which will allow for developing projects and comparing with other countries which share the same climate.



Table 1 shows ZEB’s experience in Latin America in relation to the climate type, energy-saving strategies, and type of ZEB. Table 2 and Table 3 show, in more detail, the passive and active strategies implemented to achieve nZEB/NZEB. A tendency to apply passive strategies seems to be adopted regardless of the type of climate. This tendency follows the ZEB philosophy, as shown in Figure 7. In fact, it can be observed that NZEB can be reached by applying only passive solutions, regardless of the type of climate (Figure 8a) [35,39,40,42,45,46,47,51,54,55].



However, the application of active solutions only also helps to reach NZEB, but this technique appears to be less common [36,50] (Figure 8a). Other studies have applied both passive and active solutions, but their results show that the NZEB was not as successful as when only one type of strategy was applied [34,36,41,43].



The results also show that researchers have favored studying the applicability of the ZEB concept (Figure 8b) in residential buildings, and residential buildings successfully reach the net-zero energy balance far more than any other building type. This is observed for different types of climates, which can be translated into the different amounts of energy generated even with the same technology. Depending on the climate, residential buildings tend to present lower energy demand, in general, which may make it easier to achieve a net-zero energy balance than in other complex types of building. However, other studies have showed that a successful net-zero energy balance can be reached for other building types.



In the following section, comparisons according to climate, U-values, and energy-saving strategies are introduced in order to understand more of each country.




2.2. Envelope Transmittance Values According to Climate


Although, most studies did not present transmittance values for the envelope (U-values), all seemed to converge, when modified, into an “improved” performance (improved case) with a lower U-value (Table 3). However, the U-values appeared to diverge with the type of climate.



For instance, both office buildings in [38] started with equal U-values for the roof, walls, and window, in two different types of climates (Cfa and As). Here, the improved case showed a difference only in the external walls’ U-value, resulting in significantly a lower U-value for the As climate type.



Similarly, in Brazil, in two residential buildings in different types of climates [39] (Af and Cfb), the improved case turned out to have the same roof U-values but different wall U-values, with the building located in Af being significantly lower. Moreover, residential buildings studied in Chile [41] in three climate types (BWk, Csb, and ET) started with different U-values. In the BWk climate, the original U-values for the roof, walls, doors, and windows were higher than the improved values. In the ET climate, the U-value for the roof and windows remained the same for both original and improved cases; for the walls and door, a lower value was reported for the improved case. On the contrary, different U-values were encountered for the Csb climate. In this case, the original U-values did not differ significantly with any envelope element; in fact, both windows and floor U-values were the same. The improved cases resulted in less difference, indicating that the same might help to reach same performance under the same type of climate for the same type of building (residential) [41]. In these three types of climates—even within the same building type (residential), where the higher U-values are from the BWk climate, followed by Csb, and the lower for the ET climate—all of the cases reached were classified as nZEB.



Moreover, in Argentina, under the same Cfa climate, the same original U-value was encountered for reaching nZEB [35] for different building types, but to achieve NZEB the improved case presented U-values lower than the original [28] (Table 3). On the other hand, to achieve NZEB, the improved U-values differed significantly in studies based in countries with an Af climate, such as Brazil [39] and Panama [54] (Table 3), despite the same type of building being analyzed (Table 1). An agreement is encountered under the same type of climate, Aw [43,55], for the improved U-values in walls and windows, despite different building types, to achieve nZEB/NZEB (Table 3). No further analysis can be performed due to a lack of information.



Finally, as the U-values depend on the materials that are implemented, the discrepancies encountered between different climates and countries, or even within the same climate type for the same country, highlight the lack of a strong building performance energy regulation. However, the ZEB philosophy has been explored with encouraging figures. Although it is yet to become an accepted philosophy and achieve a consensus in Latin. America, such as has happened in the EU, most studies are in the preliminary research project stage.





3. Methodology for nZEB Definition in Panama


The methodology adopted in this study begins with the inspection of the nZEB definition origins and energy limits established in energy regulations in developed countries and the inspection of other studies performed in Latin American countries (Table 1). Such inspection helped to classify the nZEB studies undertaken in Latin America, regarding climate, building type, and energy consumption limits (as presented in Section 2). The nZEB description adopted by developed countries as part of their energy regulations has been further understood and has provided motivation to apply the same problem definition to the Panama context.



The procedure proposed here, intended to define the energy limits for nZEB in Panama, is based on [1,22,26], and requires definition of the following aspects (Figure 9):




	
The system boundary of net delivered energy;



	
Standard energy needs input data;



	
Electricity consumption baseline to be used in energy calculations;



	
Primary energy factors for energy carriers;



	
Energy limits required to be supplied by local renewable sources.








After defining each of the previous aspects, a theoretical framework is then defined to apply such a procedure to different case studies (sorted by the building surface area) based on the baselines established by the local energy regulations in Panama. The development of this framework led to the proposal for a complete nZEB definition to be applied in Panama. The proposed nZEB definition for Panama is then discussed and further assessed through a SWOT analysis to support introducing such a proposed definition in new local energy regulations.



3.1. The System Boundary of Net Delivered Energy


In Figure 10, a system boundary for new buildings in Panama is presented. The energy used by the building systems comes from either delivered energy or onsite renewable energy. Delivered energy to the building corresponds to electricity from the grid, fuels (LPG), and non-renewable sources. On-site renewable energy without fuels corresponds to energy produced from either solar or wind power.



On-site renewable energy production systems may supply specific building systems, and, thus, reduce the need for energy to be delivered to the building or maybe directly exported to energy networks. This is considered as the net delivered energy balance. The net delivered energy corresponds to the difference between delivered energy and exported energy; both of which are expressed per energy carrier. The primary energy use (E) is calculated from net delivered energy, per energy carrier, using Equation (1), taken from [22]:


  E =   ∑  i   (   E  del , i    f  del , i    )  −   ∑  i   (   E  exp , i    f  exp , i    )   



(1)




where    E  del , i     is the delivered energy for energy carrier i;    E  exp , i     is the exported energy for energy carrier i;    f  del , i     is the primary energy factor for the delivered energy carrier i; and    f  exp , i     is the primary energy factor for the exported energy carrier i, which may or may not be equal to the factor of the delivered energy, depending on national definition.




3.2. Standard Energy Needs Input Data


The technical systems of buildings supply the net energy needed for cooling, cooking, and electrical energy. Building’s technical systems use energy and, typically, incur some system losses and energy conversion in some systems in the process of supplying these net energy needs, i.e., air conditioners. The energy need represents the energy required for cooking, cooling, lighting, and appliances. Finally, the net energy need corresponds to the difference between energy needs and heat gains.




3.3. Electricity Consumption Baseline to Be Used in Energy Calculations


In the case of Panama, a mandatory regulation to reduce energy consumption in new buildings established a range of values according to the type of building. These values can be seen in Section 4.1.




3.4. Primary Energy Factors for Energy Carriers


For the primary energy indicators in imported and exported energy, defined in the boundary system, the primary energy factors should be used. The primary energy factor or conversion factor is based on a national or regional annual weighted average or a specific value for on-site production. Each value depends on the energy form as imported electricity, exported renewable electricity, natural gas, fuel oil, propane, liquid propane, steam, hot water, chilled water, coal, or others.




3.5. Estimated Energy Supplied by Local Renewable Sources


Different methods can be used to evaluate the generated energy by photovoltaic modules in buildings. In this case, the installed power method (IPM) was applied. According to the available area of the roof building, the modules were distributed.



To calculate the PV system’s nominal power, the quantity of the module was multiple by the photovoltaics’ power, using Equation (2), and the generated energy was calculated using Equation (3), taken from [38]:


   P i  =  N   P n   



(2)






   W  e l   =    E  d a i l y      E  S T C        k  e f f    P i   



(3)




where    P i    is the installed power in kW, N is the number of modules, and    P n    is the nominal power of the module in kW.    W  e l     is the generated electricity in kWh d−1,    E  d a i l y     is the daily solar irradiation on the module in kWh m−2 d−1,    E  S T C     is the solar irradiation for standard test conditions (1 kW m−2), and    k  e f f     is the system performance correction factor 0.85, recommended by [58].





4. Case Study: A Theoretical Framework to Propose a nZEB Definition for Panama


Based on the Tocumen Airport WMO 787920 weather station information, Panama City has a hot climate with an annual average of 78% humidity and an average monthly temperature of around 27 °C. The average annual temperature during the day is 29 °C, with a monthly average maximum temperature around 36 °C and with a minimum annual average temperature around 17 °C [59]. In Panama, the buildings are responsible for 60% of national electricity consumption through the residential, commercial, public, and private office sectors. According to statistics from the national energy secretary [60] and the national energy plan [61], passive measures had been contemplated in the construction sector that would help to reduce the new building energy consumption.



The energy consumption per sector in Panama is presented in Figure 11a, the final energy use in the residential building is represented in Figure 11b and the energy use of the public sector is represented in Figure 11c. One of the major energy end-use consumptions in the public and residential sector is the air conditioner. In dwellings in Panama (Figure 11b), 34% of energy usage goes towards air conditioners, and 26% in the refrigerator.



These aspects are related to the building energy codes that define mandatory energy efficiency standards for new residential, commercial, and public buildings. Panama already has regulations supporting and marking the path towards zero energy buildings [62].



4.1. Energy Base Line Values for Panama


In early 2013, the Panamanian government, through the National Energy Secretary (or SNE in Spanish), requested assistance from the International Finance Corporation (IFC) to develop a sustainable construction guide for energy saving in the building sector in order to mitigate the environmental impacts. As a result of this process, the sustainable construction guide [59,63,65] (or RES in Spanish) for energy savings, was established as a mandatory regulation framework intended to reduce energy consumption in new buildings.



Part of the methodology of the sustainable construction guide started with the identification of climatic conditions and addressed the definition of average energy consumption, according to the type of building (the baseline).



From the baseline energy consumption indices, Table 4 presents the new required energy consumption rates (baseline rates–15% savings) for each type of buildings in Panama. According to the type of building, the transmittance values (U-value) presented in Table 5 are recommended (for more details, refer to [65]).



To define the system boundary in more detail, the methodology for a 60 m2 dwelling is presented. For other sizes of dwellings, the results only are shown in Section 4.2, with the same methodology being used.



The dwelling uses Liquid Petroleum Gas (LPG) for cooking, equivalent to 36 kWh m−2 y−1 with an efficiency of 0.47, resulting in net energy for cooking 17 kWh m−2 y−1. Electricity use for cooling needs is calculated with an energy efficiency coefficient (COP) of 3.00, resulting in 27 kWh m−2 y−1. Electricity use for lighting, refrigerator and appliances is 53 kWh m−2 y−1. The total electricity use is 80 kWh m−2 y−1 and solar electricity amounting to 316 kWh m−2 y−1 is produced on-site (by using equation (3)).



From LPG and electricity delivered energy flows, the primary energy is calculated using a conversion factor of 1.05 and 3.15 [66] for LPG and electricity, respectively, resulting in a total of 290 kWh m−2 y−1.



A grid limit has been established according to refrigerator consumption. In Panama, the refrigerator consumes 26% of the electricity used in the house, and the grid will supply a boundary for the refrigerator with a total of 21 kWh m−2 y−1. The solar installation will supply other electricity needs, and the rest will be exported energy. By applying Equation (1), the primary energy for the system can be estimated, resulting in a net energy balance with a total of 705 kWh m−2 y−1.



By considering a dwelling in Panama City with a net floor area of 60 m2, the following annual net energy needs are required (Figure 12):




	
For cooling: 4920 kWh (82 kWh m−2 y−1);



	
For lighting: 300 kWh (5 kWh m−2 y−1);



	
For the refrigerator: 1260 kWh (21 kWh m−2 y−1);



	
For appliances: 1620 kWh (27 kWh m−2 y−1), excluding the refrigerator;



	
For cooking: 1020 kWh (17 kWh m−2 y−1).









4.2. Standard Dimension for Dwellings in Panama


There are four ranges of typical dimensions for dwelling in Panama: 60 to 80 m2, 80 to 100 m2, 100 to 120 m2, and 120 to 150 m2. For this study, six different dwelling dimensions have been implemented: 60, 80, 100, 120, 150, and 200 m2.



For this study, all suitable roof area was used for PV application according to the dwelling area. Table 6 presents the results for the dwellings studied. In each case, the net primary energy has a plus total, which indicates that the building produces more energy than it consumes.



A photovoltaic technology was chosen for the building roof area. The selected crystalline (m-Si) solar cell has the highest efficiency available on the market today [67]. A SunPower panel, model SPR-A450-COM [68], with a power of 450 W, an efficiency of 22.2%, and a module area of 2.03 m2, was selected for this study. Here, solar radiation data was obtained from the NREL (National Renewable Energy Laboratory) program [69]. The total cost for the PV module has not been contemplated in this case, only the technical opportunity to produce energy according to the available roof area. As mentioned before, the grid gives 21 kWh m−2 y−1 to maintain the refrigerator in use in permanence; and the other technical needs are supplied by the PV modules, with the final values given in Table 6.



Ten columns (A1–A10) are presented in Table 6. The dwelling area (A1) is the typical building area in Panama, ranging from 60 to 200 m2. The grid (A2) is designed to supply the electricity to the refrigerator, and this is considered as a constant consumption. The energy consumption values (A3) of the cooking and electricity baseline are taken from the National Energy Plan [61] and the Sustainable Construction Guide (Table 4) [59,63,64]. The monthly average cooking for homes is determined by considering a LPG calorific power of 45.67 GJ/kg with a conversion factor of 3.6 GJ/MWh, resulting in 181.62 kWh/month (equivalent to 1.26 LPG cylinder). Thus, the corresponding values in (A3) for annual cooking needs depend on the dwelling floor area, i.e., 181.62 × 12/60 = 36 kWh m−2 y−1 for the 60 m2 dwelling. Note here that one LPG cylinder of 11.34 kg corresponds to 143.86 kWh/cylinder [61], and, thus, 1.26 × 143.86 = 181.62 kWh/month. The electricity consumption in (A3) corresponds to the baseline for dwellings in Table 4, established in [64]. The energy consumption total (A4) is the sum of cooking and electricity in (A3).



The primary energy (A5) corresponds to the energy consumption (A3) considering the energy carriers, e.g., 80 × 3.15 + 36 × 1.05 = 290 kWh m−2 y−1.



The generated energy (A6) is the yearly energy generated with renewable energy, considering the building floor area and using equations (2) and (3). Firstly, the installed power (   P i   ) is calculated by using the SPR-A450-COM power (   P n  = 450   W) and the total number of panels for each dwelling, considering that the full roof area is used (e.g., N = 60 m2/2.02 m2 = 29 panels). Hence,    P i  = 13.05   kW. The generated electricity per day (   W  e l    ) is then estimated by using equation (2) and the values are shown in Figure 13 (e.g.,    W  e l     = 56.02 kWh d−1 for the 60 m2 dwelling). Finally, in order to calculate the yearly electricity generated,    W  e l     is multiplied by the number of days per month, then, by summing up each monthly electricity generation per floor area, the resulting generated energy (A3) is found.



The primary energy generated (A7) is the generated energy (A6) considering the energy carrier for renewable energy.



For the net primary energy (A8), equation (1) is applied, where the delivered energy corresponds to the cooking plus the grid (A2) and minus the exported energy (A9), each multiplied by the energy carrier. The exported electricity (A9) is the exceeded energy that the building does not require for electricity consumption, e.g., 316 − (80 − 21) = 257 kWh m−2 y −1 corresponding to subtraction of (A6), (A3, Electricity), and (A2). The exported energy primary (A10) is the exported energy (A9) presented in the primary energy value.




4.3. A ZEB Definition for Panama


According to the results from the proposed methodology and cases of study, by establishing a baseline electricity need of 252 kWh m−2 y−1 (e.g., 80 kWh m−2 y−1 times the conversion factor 3.15), after applying the current local regulation [65], the new baseline electricity need is reduced to 214 kWh m−2 y−1 (e.g., 68 kWh m−2 y−1 times the conversion factor 3.15). This earlier scenario is represented in Figure 13, including the cooking consumption, by circle “a” and “b,” respectively, for a 60 m2 dwelling. Considering the cooking, the baseline increases to 252 kWh m−2 y−1 (i.e., 68 × 3.15–36 × 1.05, circle “b”).



As proposed in the local regulation, the 214 kWh m−2 y−1 is achieved mainly through passive strategies, such as the envelope enhancement shown in Table 5, but also, in considering highly efficient air conditioner units (COP > 3.00) [65].



The renewable energy generation of PV modules depends on the available roof surface area of the dwelling. In the cases studied, this generation varied from 996 to 1009 kWh m−2 y−1 (316 to 320 kWh m−2 y−1 in primary energy terms). This resulted in a net primary energy balance ranging from 705 to 746 kWh m−2 y−1 (Figure 14 by circle “c”, refer to Table 6, A8), of which the range falls into the definition of a plus energy building, indicating that all cases studied could supply their electricity needs by PV generation.



Note here that all of the dwellings studied have the potential to become NZEB, since the PV electricity generation exceeds the energy consumption. In addition, these dwellings have a strong potential to become plus energy buildings (PEB), depending on the available roof surface area, as shown in Table 6 (A8). Finally, the cases studied showed the resulting primary energy exported to the grid to be between 809 and 823 kWh m−2 y−1.



Although this study shows strong potential to achieve both NZEB and PEB by means of PV generation alone, the value 214 kWh m−2 y−1 could be further reduced if other passive and active strategies, such as those presented in Table 2, are considered. In Panama, other strategies could be implemented to reduce cooling needs, such as a roof heat exchanger [71], bio-inspired reflective-coatings arrangements [72], ventilation systems assisted by solar radiation [73], bioclimatic-based strategies [74], and large-scale solar-assisted absorption air conditioning systems [75]. However, currently, most studies remain in the preliminary research project stage, with strong bases in numerical studies but a lack of more research-based experimental studies. This presents a limitation in estimating a confident reduction percentage in energy consumption if such passive and active strategies may be implemented. Moreover, specifically in Panama, a proposed bio-inspired framework considering a multidisciplinary approach was addressed in [76] for alternative strategies.





5. Discussion


After performing this comprehensive review of past experiences regarding NZEB and nZEB in Latin America and the concept definition, the newest energy regulations implemented in Panama for the minimum energy efficiency requirements for new buildings were evaluated in order to establish the threshold for a local nZEB definition in the residential sector to conceive a theoretical framework for consideration in Panama. Former local regulations regarding appliance, equipment, and lighting energy standards and labeling were also considered, as they marked the way towards improving the energy efficiency of buildings.



The basis for such a threshold for a local nZEB definition in Panama (with a primary energy consumption range) was expected to be similar to the European countries presented in [77] (for instance: 40–65 kWh m−2 y−1 in France, for residential buildings). On the contrary, after calculations, the results presented in Table 6 indicate that the primary energy generated always exceeds the primary energy consumption, where the net primary energy balance lay in a range of 705–746 kWh m−2 y−1 for the cases studied.



This primary energy balance range that was obtained demonstrates that the potential of available renewable energy technology can help to accomplish net zero energy buildings, and indicates that achieving plus energy buildings is possible.



According to the type of climate (Af) and type of building (residential), Panama and Brazil are comparable. In relation to the U-value presented in Panama regarding the regulations for residential building in walls (0.8–4 W m−2 K−1, Table 5), Brazil shows values in the range, whereas the study in Panama shows values below the range (Table 3). In the case of the U-value of the roof (0.50–4.80 W m−2 K−1), Brazil remains in the range and Panama below it. This comparison shows that the range value in Panama regulations can aim towards NZEB. In the study presented for Panama, the U-value was too low, being out of the range according to Panama regulations. Aside from this value, the building was classified as NZEB, but it may not be necessary to use too low U-value in order to achieve a NZEB, as demonstrated in Brazil.



Aw weather is a type of climate in Colombia and Panama. Conventional U-values were shown for Colombia in relation to residential buildings, indicating that they are in the range of the Panama regulations. Colombia improved the U-values in comparison to Panama, as they were below the range. Comparing the tendency as before (Brazil in comparison to Panama) may lead to the conclusion that to be classified as a nZEB, it may not be necessary to use too low a U-value.



For the Cfb type of climate in Brazil and Panama, the U-value of the roof and walls in residential buildings are in the range of Panama regulations, giving a NZEB for the country using passive saving strategies.



Moreover, comparing the baseline of primary energy consumption, as presented in Table 4, for different sectors in Panama and the available primary energy generated (Table 6) shows that PEB can also be achievable in other sectors.



This finding can open a wide range of new possibilities in the local market, increasing the potential for new energy policies, and providing the basis for undertaking a significant step towards transforming smart cities. In this regard, European energy and research programs have shown strong interest in collaborating with Latin American countries to help reach global energy goals [78].



To evaluate the potential of largely introducing the nZEB concept and the proposed framework in Panama, a SWOT analysis is presented in Table 7. Although the economic aspects involved in ZEB are not covered here, a large market and economic analysis, such as the one performed in [16], will be of great interest in supporting and providing a feasibility study with tangible figures.



As presented in Table 7, opportunities and weaknesses appear to reinforce the applicability of the ZEB framework in Panama. As for most Latin American countries, W1, W6, and T2 attain an actual situation, as in Panama, and might be limiting the potential to go further in the application of ZEB beyond remaining in a preliminary research stage. The analysis in Section 2 has shown that Brazil is the strongest country in terms of ZEB applications in Latin America, sharing similar idiosyncrasies and reality as Panama. As such, Brazil could serve as a good example to remove the limitations to achieving ZEB on a wider scale. Recent significant studies continue to improve the ZEB definition in Brazil, highlighting that the first step towards implementing both nZEB and NZEB concepts is the application of passive strategies to reduce the energy need with thermal comfort [84], complying with S1, S2, and S4 (Table 7).



Specifically in Panama City, the residential sector and all sectors new buildings show higher potential than existing high-rise buildings in the commercial and public sector. This is mainly due to a great glazing surface area with no available openings in high-rise buildings near the coast, which demand a non-stop air conditioning activated system to assure both indoor thermal comfort and air quality in permanence; this is evidenced in T2 and T4, and laying in accordance with W5 (Table 7); clearly against all beforehand studies about bioclimatic architecture in tropical climates. Such existing full-glazing high-rise buildings might need to undergo strong retrofit processes. In this matter, a reference retrofit framework to achieve NZEB has been recently proposed by [85], where an office building was used as a case study. Here, beginning again with passive strategies where the surface-to-volume ratio (A/V), building envelope area, height, window shading, window–wall ratio (WWR), glass solar heating gain coefficient (SHGC), light transmissivity, and natural ventilation were the most-discussed variables regarding energy efficiency. Office equipment, air-conditioning systems, and lighting efficiency were optimized subsequently. The results showed an energy consumption decrease of 46% from 115 to 63 kWh m−2 y−1 from the original model to the optimized one. By taking such energy consumption as references and comparing them with the resulting ZEB definition of 252 kWh m−2 y−1, and after considering the newest building regulations in Panama, more aggressive energy policies need to be implemented.




6. Conclusions


The building efficiency codes are important regulatory tools that establish the minimum and maximum levels of energy efficiency for different building types, where the most demanding building energy codes in the world require buildings to be net-zero energy. Latin American countries are still trying to find adequate solutions that align with the local climatic, cultural, social, technical, and economic context. Thus, a comprehensive review on the available research from past experiences regarding NZEB and nZEB in Latin America has been presented here to help provide the basis for ZEB framework in Panama. This can be taken as a reference in terms of experiences, regulations, and efforts. Hence, the following main aspects can be highlighted from the literature review:




	
The ZEB concept has been applied in residential buildings far more often than for any other building type, successfully reaching the net-zero energy balance, even for different climates, which results in different amounts of energy being generated even with the same technology.



	
Passive strategies have been mainly favored, outlying other strategies, where envelope characteristic’s enhancements are most often implemented, indicating that the ZEB concept has been concretely respected. In such cases, the envelope U-values tend to decrease, often reaching isolation-like levels.



	
The U-values depend on the materials implemented, the discrepancies encountered between different climates and countries, or even the same climate type for the same country, contributing to the realization that a strong building performance energy regulation is lacking. However, the ZEB philosophy has been explored in LA with encouraging figures.



	
For most Latin American countries, the applicability of the ZEB concept definition remains in a research project status, leading from slight to no considerations to energy policies establishments.



	
Regarding the analyzed cases studied, the following highlights can be listed:



	
The newest energy regulations implemented in Panama for minimum energy efficiency requirements for new buildings were evaluated by defining a system boundary to describe the net delivered energy for the residential sector.



	
The installed power method was employed to estimate the generated energy by photovoltaic modules covering all the available roof surface areas.



	
To establish the basis of the renewable threshold for a local nZEB definition in the residential sector, a theoretical framework for application in Panama was proposed and applied to the different cases studied.



	
The results showed that the primary energy generated exceeded the primary energy consumption where the net primary energy balance lay in a range of 705 to 746 kWh m−2 y−1 for the cases studied. This demonstrates that the potential of available renewable energy technology can help to accomplish net zero energy buildings and that grasping plus energy buildings is possible.



	
A SWOT analysis is presented to evaluate the potential of mainly introducing the nZEB concept and the proposed framework in Panama.








These findings can open a wide range of new possibilities in the local market, increasing the potential for other energy policies and providing the basis for undertaking a significant step towards transforming smart cities. In addition, the distributed/on-site renewable resource generation and resource storage are topics to be further developed.



Since the newest national regulation in Panama considers passive solutions regarding the envelope construction and conventional equipment efficiency for cooling needs, further work should address implementing low-consumption solutions, such as automation for energy consumption management regarding occupancy behavior, green roofs, PCM-based active systems, and others. Implementing such low-consumption solutions can help to lower the 15% energy saving assured by the currently proposed solutions in the national regulations.
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Nomenclature




	AEE
	Annualized embodied energy



	BIPV
	Building integrated photovoltaics



	COP
	Coefficient of performance



	GHG
	Greenhouse gas



	LA
	Latin American



	LC-ZEB
	Life cycle zero energy building



	nZEB
	Nearly zero energy building



	NZEB
	Neat zero energy building



	PEB
	Plus energy building



	PCM
	Phase change materials



	PV
	Photovoltaic



	SWOT
	Strengths, Weaknesses, Opportunities and Threats



	U-value
	Transmittance values



	ZEB
	Zero energy building
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Figure 1. Industrial countries roadmap [1]. 
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Figure 2. Non-industrial countries roadmap [1]. 
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Figure 3. A graphical representation of the zero-energy building concept [23]. 
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Figure 4. Research strategy flow followed in this study. 
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Figure 5. Search procedure for the inspection of the literature. 
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Figure 6. Energy use per year in Latin America [29]. 
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Figure 7. ZEB types arranged by climate type and strategy. 
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Figure 8. (a) Energy strategy according to climate type, and (b) building and ZEB type. 
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Figure 9. The procedure to define the energy limits for nZEB in Panama. 






Figure 9. The procedure to define the energy limits for nZEB in Panama.



[image: Energies 14 05647 g009]







[image: Energies 14 05647 g010 550] 





Figure 10. System Boundary (adapted from [22]). 
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Figure 11. Building energy consumption in Panama: (a) per sector, (b) average energy needs in the residential sector, and (c) fuel breakdown in the residential sector [63,64]. 
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Figure 12. Case study: boundary system example for the case study with the 60 m2 dwelling. 
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Figure 13. The daily solar irradiation on the module in kWh m−2 d−1, obtained from [69]. 
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Figure 14. ZEB definition for Panama, for a 60 m2 dwelling: (a) House build Line Base [59] (Table 6, A5), (b) Current building regulation [65], and (c) Feed-in proposed in this case from Table 6, A8. Adopted from [70]. 
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Table 1. Countries in Latin America with experience in nZEB or NZEB.
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Country

	
Climate Type (City)

	
ZEB Type

	
Energy Consumption Limits (U Conventional)

	
Energy Consumption Limits (U Improved)

	
Type of Project (Status)

	
Type of Building or Building Sector

	
Energy Saving Strategies

	
Building Area (PV Area)

m2

	
Ref






	
1

	
Argentina

	
Not Specified

	
NZEB

	
Not Specified

	
Not Specified

	
policies

	
Not Specified

	
Not Specified

	
Not Specified

	
[33]




	
Cfa (Llavallol)

	
321.4 heating

kWh m−2 y−1

	
72.7 heating

kWh m−2 y−1

	
Research (Preliminary study)

	
Commercial

Office

	
Passive

Active

	
750–900

	
[34]




	
Cfa (Resistencia)

	
nZEB

	
Depending on the case

	
Not Specified

	
Residential

	
Passive

	
12,000

	
[35]




	
Cfa (Buenos Aires)




	
BwK (San Juan)

	
438,856 kWh y−1

	
87,771 kWh y−1

	
Educational

	
Passive

Active

	
(387)

	
[36]




	
2

	
Brazil

	
Not Specified

	
NZEB

	
Not Specified

	
-

	
Policies

	
Not Specified

	
Not Specified

	
-

	
[37]




	
Cfa (Florianopolis)

	
Depending on the case

	
Depending on the case

	
Research (Preliminary study)

	
Office

	
Active

	
360–25,500

	
[38]




	
As (Fortalelza)




	
Af (Curitiba)

	
Not Specified

	
23% less

	
Residential

	
Passive

	
60

(17)

	
[39]




	
Cfb (El Salvador)

	
42% less

	
60

(17)




	
3

	
Chile

	
Csb (Santiago)

	
Not Specified

	
15–45 kWh m−2 y−1

	
Research (Preliminary Study/ finished)

	
Residential

	
Passive

	
Not Specified

	
[40]




	
BWk (Antofagasta)

	
nZEB

	
Depending on the case

	
Depending on the case

	
Research (Preliminary Study)

	
Residential

	
Passive

Active

	
50

106

1614

	
[41]




	
Csb (Santiago)




	
Csb (Concepción)




	
ET (Punta Arenas)




	
4

	
Colombia

	
Not Specified

	
NZEB

	
Depending on the case

	
Not Specified

	
Research (Preliminary Study)

	
Residential (social dwelling)

	
Passive

	
Not Specified

	
[42]




	
Aw (Cartagena)

	
3393

	
1901

	
Residential

	
Passive

Active

	
3334

	
[43]




	
5

	
Cuba

	
Not Specified

	
nZEB

	
Not Specified

	
Not Specified

	
Research (Preliminary Study/finished/ Preliminary Study)

	
Hotels

	
Not Specified

	
Not Specified

	
[44]




	
Not Specified

	
30–40% LESS

	
Hotels

	
Passive

	
Not Specified

	
[45]




	
Aw (La Habana)

	
230 kWh m−2 y−1

	
Not Specified

	
Hotels

	
Passive

	
Not Specified

	
[46]




	
6

	
Ecuador

	
Cfb (Quito

	
NZEB

	
7126–178,545 kWh y−1

	
3377–176,825 kWh y−1

	
Research (Preliminary Study)

	
Residential

	
Passive

	
49.77–6300

	
[47]




	
Cfb (Quito)

	
28,625 kWh y−1

	
Not Specified

	
Academic (Preliminary Study)

	
Residential

	
Not Specified

	
600 (284.52)

	
[48]




	
Not Specified

	
nZEB

	
Not Specified

	
Not Specified

	
Research (In progress)

	
Not Specified

	
Not Specified

	
Not Specified

	
[49]




	
7

	
El Salvador

	
Aw (San Salvador)

	
NZEB

	
Not Specified

	
Not Specified

	
Project (finished)

	
Laboratory

	
Active

	
Not Specified

	
[50]




	
8

	
Haiti

	
Aw (Mirebalais)

	
Not Specified

	
Not Specified

	
Research (finished)

	
Hospital

	
Passive

	
17,187

	
[51]




	
9

	
México

	
Not Specified

	
Not Specified

	
Not Specified

	
Policies (finished)

	
Not Specified

	
Not Specified

	
Not Specified

	
[52]




	
Gathered Consortium project (finished)

	
Residential

Office

commercial

	
Not Specified

	
20,000

	
[53]




	
10

	
Panama

	
Af (Los Santos)

	
Not Specified

	
0.72 kWh m−2 y−1

	
Research (finished/ Preliminary study)

	
Residential

	
Passive

	
213

	
[54]




	
Aw (Ciudad de Panama)

	
nZEB

	
516.64

	
Depending on the case

	
University

	
Passive

	
218

	
[55]




	
11

	
Peru

	
Not Specified

	
Not Specified

	
Not Specified

	
Project (finished)

	
Residential office Commercial schools, hospitals,

	
Not Specified

	
Not Specified

	
[56]




	
12

	
Uruguay

	
Cfa

	
Not Specified

	
17–19 kWh m−2 y−1

	
Project (finished)

	
Residential

	
Not Specified

	
280

	
[57]
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Table 2. Countries in Latin America Energy generation.
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Country

	
Climate Type (City)

	
ZEB Type

	
Energy Generation

	
Passive Design Features

	
Other Active Design Features

	
Ref






	
1

	
Cuba

	
Not Specified

	
nZEB

	
Not specified

	
Natural ventilation

	
Lightning

	
[44]




	
Solar thermal, photovoltaic systems. Small wind turbines

	
[45]




	
Aw (La Habana)

	
Save 40% (92 kWh m−2 y−1)PV

	
[46]




	
2

	
Ecuador

	
Cfb (Quito)

	
NZEB

	
11,427–138,053 kWh y−1

	
Passive solar, thermal insulation according to the climate, and high compactness

	
Reduced needs for heating and cooling

	
[47]




	
Cfb (Quito)

	
PV

	
-

	
-

	
[48]




	
Not Specified

	
nZEB

	
Not specified

	
-

	
-

	
[49]




	
3

	
El Salvador

	
Aw (San Salvador)

	
NZEB

	
PV

	
-

	
Lightning control

	
[50]




	
4

	
Haiti

	
Aw (Mirebalais)

	
PV

	
Light colored walls promote natural ventilation, and reflect solar radiation

	
Operable windows

	
[51]




	
5

	
México

	
Not Specified

	
Not specified

	
-

	
-

	
[52]




	
-

	
-

	
[53]




	
6

	
Peru

	
Not Specified

	
Not specified

	
-

	
-

	
[54]




	
7

	
Uruguay

	
Cfa

	
PV

	
-

	
-

	
[57]
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Table 3. Countries in Latin America U-values and energy generation.
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Country

	
Climate Type (City)

	
ZEB Type

	
U (W m−2 K−1)

Conventional or Original

	
U (W m−2 K−1) Improved

	
Energy Generation

	
Passive Design Features

	
Other Active Design Features

	
Ref




	
Ceiling

	
Walls

	
Doors

	
Window

	
Floor

	
Ceiling

	
Walls

	
Doors

	
Window

	
Floor






	
1

	
Argentina

	
Cfa (Llavallol)

	
NZEB

	
1–7

	
1–3

	
1–7

	
3–6

	
2–3

	
0.12

	
0.12

	
1.86

	
0.8

	
0.5

	
PV and Thermal

	
Advance envelope

	
Rainfall water recovery

	
[34]




	
Cfa (Resistencia)

	
nZEB

	
0.45–0.83

	
1–1.10

	
-

	
<4

	
-

	
-

	
-

	
-

	
-

	
-

	
182 kWh m−2 y−1

	
Optimized shape, natural ventilation

	

	
[35]




	
Cfa (Buenos Aires)

	
0.45–0.83

	
1–1.10

	
-

	
<4

	
-

	
-

	
-

	
-

	
-

	
-

	
173 kWh m−2 y−1

	




	
BwK (San Juan)

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
PV

91,400

kWh y−1

	
Solar shading, advance envelope, natural ventilation, occupant behavior

	
Advanced lighting controls, load management,

	
[36]




	
2

	
Brazil

	
Cfa (Florianopolis)

	
NZEB

	
2.42

	
2.47

	
-

	
5.82

	
-

	
0.25

	
3.1

	
-

	
1.67–1.68

	
-

	
PV

	
-

	
Window systems

	
[38]




	
As (Fortalelza)

	
2.42

	
2.47

	
-

	
5.82

	
-

	
0.25

	
0.39

	
-

	
1.67–1.68

	

	
-




	
Af (Curitiba)

	
-

	
-

	
-

	
-

	
-

	
3.74

	
0.96

	
-

	
-

	
-

	
BIPV

	
Advance envelope, optimized shape, and orientation

	
-

	
[39]




	
Cfb (El Salvador)

	
-

	
-

	
-

	
-

	
-

	
3.74

	
3.19

	
-

	
-

	
-

	
-




	
3

	
Chile

	
Csb (Santiago)

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
No specified

	
-

	
-

	
[40]




	
BWk (Antofagasta)

	
nZEB

	
0.84

	
4

	
3.35

	
5.8

	
-

	
0.84

	
2.1

	
3.35

	
5.8–0.75

	
-

	
Depending on the case

	
Envelope modifications

	
Mechanical Ventilation for air quality

	
[41]




	
Csb (Santiago)

	
0.47

	
1.99

	
3.35

	
2.8

	
-

	
0.38

	
0.6

	
1.20

	
2.8–0.67

	
-




	
Csb (Concepción)

	
0.38

	
1.7

	
3.35

	
2.8

	

	
0.33

	
0.5

	
1

	
2.8

	
-




	
ET (Punta Arenas)

	
0.25

	
0.6

	
3.35

	
1.8

	

	
0.25

	
0.35

	
0.80

	
1.8

	
-




	
4

	
Colombia

	
Not Specified

	
NZEB

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
Wind and PV

	
Strategic orientation,

natural ventilation

	
Energy efficient of systems

	
[42]




	
Aw (Cartagena)

	
3.868

	
4.576

	
-

	
5.85–5.91

	
-

	
-

	
0.22

	
-

	
1.94

	
-

	
PV

	
Building orientation,

wall insulation, air tightness,

window efficiency, and ventilation

	
Shading system,

Humidity control,

lightning, and

air conditioner

	
[43]




	
5

	
Panama

	
Af (Los Santos)

	
-

	
-

	
-

	
-

	
-

	
0.25

	
0.15

	
-

	
1.4

	
0.3

	
PV

	
Passive cooling, ventilation

	
Daylighting control

	
[44]




	
Aw (Ciudad de Panama)

	
nZEB

	
0.25

	
3.86

	
-

	
0.49

	
0.25

	
0.25/

0.25

	
0.15/

0.36

	
-

	
1.40/

0.49

	
0.25/

0.23

	
Not specified

	
Passive cooling, envelope modifications, occupant behavior, and building orientation

	

	
[55]
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Table 4. Energy consumption rate for buildings in Panama [65].
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	Building Type
	Base Line (kWh m−2 y−1)
	15% Saving (kWh m−2 y−1)





	Dwelling
	80
	68



	Office
	202
	172



	Hotel
	172
	146



	Commercial
	290
	246



	Health
	376
	320



	Education
	100
	85
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Table 5. Summary of envelope ranges for different type of buildings in Panama [65].
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	Residential
	Office
	Health-Education
	Commercial (>50,000 m2)





	U-Wall (W m−2 K−1)
	0.8–4
	1–3
	2–4
	1–2



	U-window (W m−2 K−1)
	5.25–5.8
	5.25–5.75
	5.25–5.8
	5–5.8



	g Window (-)
	0.35–0.87
	0.35–0.5
	0.35–0.6
	0.48–0.87



	WWR (%)
	30–40
	75–100
	30–50
	20–100



	U-Roof (W m−2 K−1)
	0.50–4.80
	1.04–4.80
	1.50–4.80
	1–2.70



	Air conditioner COP (-)
	3–3.10
	3–3.20
	2.90–3.30
	3.40–3.70
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Table 6. Energy consumption and balance in typical residential building.
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A1

	
A2

	
A3

	
A4

	
A5

	
A6

	
A7

	
A8

	
A9

	
A10




	
Dwelling

Area (m2)

	
Grid *

	
Energy

Consumption *

	
Energy Consumption Total *

	
Primary Energy *

	
Generated Energy *

	
Primary Energy Generated *

	
Net Primary Energy *

	
Exported

Energy Electricity *

	
Exported

Primary Energy *




	
Cooking

	
Electricity






	
60

	
21

	
36

	
80

	
116

	
290

	
316

	
996

	
−705

	
257

	
809




	
80

	
21

	
27

	
80

	
107

	
281

	
319

	
1004

	
−723

	
260

	
818




	
100

	
21

	
22

	
80

	
102

	
275

	
320

	
1009

	
−734

	
261

	
823




	
120

	
21

	
18

	
80

	
98

	
271

	
321

	
1013

	
−742

	
262

	
826




	
150

	
21

	
15

	
80

	
95

	
267

	
323

	
1016

	
−749

	
263

	
830




	
200 (100 m2/storey)

	
21

	
11

	
80

	
91

	
263

	
320

	
1009

	
−746

	
261

	
823








* All energies are expressed in terms of kWh m−2 y−1. 
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Table 7. SWOT Analysis for apply nZEB in Panama, based on and adapted from experiences reported in [79,80,81,82,83].
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	Strengths
	Opportunities





	
	
S1: Improve comfort conditions.



	
S2: Reduce operational energy cost.



	
S3: Improve the architectural, engineering and construction industries and maintain leadership for high performance building in Latin American.



	
S4: Significant energy efficiency potential.



	
S5: Potential of the renewable energy sources.





	O1: Accelerate, to achieve national goals to increase the renewal integration in the building sector.

O2: Develop adaptive comfort model for residential buildings in Panama.

O3: Transforming the built environment, by demonstrating NZEB as a pilot project or show cases for energy neutral buildings.

O4: Research innovations due to lack technological and industrial infrastructure, and knowledge competency.

O5: Policy support.

O6: Energy and climate change linkage.

O7: Enhancement of human capability.



	Weakness
	Threats



	
	
W1: Low dedicated budget for financial aid to construct new buildings.



	
W2: Lack of industrial infrastructure and dependence of imports for technological components.



	
W3: Lack of knowledge competency and skills labor for design and construction of NZEB.



	
W4: Lack of technological infrastructure, including heat recovering system, and controls or building materials and components; this will force reliance on imports and increase the cost.



	
W5: Deficient energy efficiency awareness.



	
W6: Insufficient institutional and available human resources.





	T1: Not embracing facility management to maintain the quality and operation of NZEB.

T2: Failing to build consensus among educator, children, families, government, and local authorities.

T3: Lack of policies and standards.

T4: Unreasonable energy structure.

T5: Shortage of energy at regional level could cause high electricity costs to maintain income balance in energy sector.
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