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Abstract

:

The calculation of the energy balance at the district level is complex since it includes a diverse set of loads, technologies, energy carriers, trading interactions between users and external grids (power, district heating/cooling, gas, etc.) and assumptions such as the identification of Primary Energy Factors (PEFs) in different contexts. This research validates the H2020 MAKING-CITY methodology for calculating the energy balance of Positive Energy Districts (PEDs) in two case studies: the cities of Groningen and Torrelago. For each case, the steps defined in the methodology are followed, dealing with assumptions on non-renewable Primary Energy Factors and critical elements regarding the district boundary. This research shows the applicability of the developed calculation methodology for cities in the design phase as well in the implementation phase of PEDs.
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1. Introduction


In just a decade, the EU needs to double its renewable share up to 40% by 2030 [1]. The current Commission’s vision for the integrated energy system of the future is to increase renewables in sectors such as transport, buildings and industry [2]. PEDs might be a solution to boost this transition, as they are designed following a holistic approach, combining Renewable Energy Sources (RES), energy efficiency measures and mixed-use buildings (which could even include industrial buildings). PEDs can be understood as “a district with annual net zero energy import and net zero CO2 emissions, working towards an annual local surplus production of renewable energy” [3]. However, and despite all the scientific efforts, no common standard definition of PED has been achieved. Nevertheless, it is mostly agreed, and according to EERA JPSC and JPI UE [4], that the main two aspects that categorize PEDs are the boundaries (geographical, virtual, or functional) and the energy exchanges (import/export) to reach a net positive annual energy balance (PEB). The evaluation of the energy balance is not trivial, as it requires assumptions, limitations regarding the boundary and critical elements to be considered. As stated in some research [5,6], different assumptions and approaches need to be followed while evaluating the energy balance of a district if compared to a single building assessment. The latter one usually follows the ISO 52000-1:2017 standard, in which the general framework of the Energy Performance of Buildings (EPB) assessment is explained. This standard is based on primary energy as the main indicator. Within the H2020 MAKING CITY project [7], a methodology for calculating the energy balance of PEDs has been developed to support the design of the PED itself [6]. The methodology consists of eight steps, and it will be illustrated by each case.



This paper aims to validate the MAKING-CITY methodology for calculating the energy balance of PEDs with two case studies. The first one evaluates the achievement of energy surplus in a PED in Groningen, a geographically bounded district that is at implementation stage. The second one, Torrelago, tests whether it is possible to transform an existing Nearly Zero Energy District (NZED) into a PED, investigating different options within the city limits. Therefore, here, the methodology is validated and illustrated with case studies that can help other PEDs and districts in the evaluation of its energy exchanges. Moreover, the two cases show the applicability of the methodology as well in the design phase as in the implementation phase of a smart city project.




2. Case Study 1: Groningen PED Case


Groningen has performed the MAKING-CITY methodology for calculating the energy balance of PEDs during the implementation phase of the interventions at district level.



Step 1: Definition of PED. Groningen has the ambition of becoming energy neutral by 2035 [8]. For this reason, the choice of the PED areas was strictly dependent on the upscaling and replicability potential of the building stock and solutions to be implemented. The following factors were determining: (1) combination of new built and existing building stock; (2) variety of the building portfolio in the areas based on their typology, dimension, age and degree of replicability; (3) possibilities of RES in the potential PED areas; (4) choice of solutions and interventions that could be implemented in other districts and that should be incorporated into the district energy approach. The selected area consists of a new and energy positive sport centre, a new and not-energy-positive office and apartments building, and an existing and energy intensive office building. RES in the surroundings are solar parks, solar roads, solar pontoons and photovoltaic (PV).



Step 2: Energy needs inside the PED. The data to evaluate the energy needs are based on the related Energy Performance Certificates (EPC) calculations and on the measured values provided by the District System Operator (DSO). The area has a thermal energy need of 2.35 GWh/year and an electric energy need of 0.8 GWh/year. The buildings where the interventions take place represent only a small portion of the district. Therefore, only a fraction of the RES production is considered, equal to the relative floor area of the buildings that undergo PED interventions compared to the entire PED.



Step 3: Energy use inside the PED. Thermal and electric energy uses are calculated dividing the energy needs by the efficiency of the emitters and the distribution losses, which is considered as 1 as no distribution losses were considered. This results in 1.67 GWh/year as thermal energy use and 0.98 GWh/year as electric energy use.



Step 4: RES production inside the PED. RES electric solar generation in the PED produces 0.9 GWh/year. RES thermal energy generation in the PED is derived from geothermal district heating network (DHN), PVT-H panels and a high-pressure digestion (total thermal energy from RES = 1.92 GWh/year). Considering the difference between the energy use and the RES energy generation, it appears that for heating there is a surplus that can be exported outside the PED boundaries (−0.25 GWh/year), while for electricity, there is a gap that has to be covered by external sources (0.08 GWh/year).



Step 5: Estimation of the energy delivered to/from the PED. The PED delivers a surplus of thermal energy that can be exported to the district heating network (−0.25 GWh/year), while part of the electric energy (0.08 GWh/year) is delivered to the PED by the national power grid.



Step 6 and 7: Calculation of the primary energy and primary energy balance. The primary energy is calculated considering the delivered energy multiplied by the PEFnren (non-renewable primary energy factor): PEFnren for electric national grid = 1.46; PEFnren for national district heating = 1.03. The PEB is calculated as the difference between the primary energy imported to the PED and the primary energy exported outside the PED. In Groningen, this is equal to −0.14 GWh/year. Therefore, the PED is achieved.



Step 8: Sankey Diagram.Figure 1 shows the energy diagram flows for the PED in Groningen.




3. Case Study 2: Torrelago NZED Case


Torrelago is one of the demo cities of the CITyFiED project, where the energy efficiency of the city districts was enhanced to achieve NZED [9]. The MAKING-CITY methodology for calculating the energy balance of PEDs has been tested to perform a feasibility study to assess whether it is possible to transform the NZED into a PED at the design phase of the district.



Step 1: Definition of PED. The area considered consists of 31 buildings and a school interconnected through a DHN. As stated at the CITyFiED project, the roof space at the buildings is very small; thus, empty slots nearby the district (less than 1 km) are considered for the installation of solar technologies.



Step 2 and 3: Energy needs and energy use inside the PED. As the CITyFiED project measured the energy consumption of the building and the energy use (heat produced by the DHN), step 2 is not used in the methodology. The heat produced by the DHN to cover domestic hot water and space heating of the buildings is used as the “thermal energy used”, which is 10.7 GWh/year [10]. Furthermore, the school demand was estimated to be 60 MWh/year [11]. No cooling demand is foreseen. The electricity consumed by the buildings was not monitored, so it is estimated to be 0.31 GWh/year by using national statistics indicators from Spahousec Project [12].



Step 4: RES production inside the PED. As RES generation alternatives, the following scenarios are studied: (1) PV + solar thermal; (2) PV + 100% biomass supply in the DHN; (3) PV + replacement of the current DHN boiler to a biomass-fired CHP. The method followed is to go back and forth from the estimation of local RES production (step 4) to the calculation of the positive energy balance (step 7), until the energy surplus is reached. The solver of excel is used to achieve the positive balance of -100 MW/year and a payback period less than 3 years (assuming specific costs per unit of kW installed). As a result, scenario 2 is the most feasible in terms of costs and space needed. The total electricity production from PV is 0.9 GWh/year and the total thermal production is 10.76 GWh/year.



Step 5: Estimation of the energy delivered to/from the PED. The PED delivers a surplus of electric energy that can be exported to the power grid (−0.59 GWh/year), while to cover the thermal energy use of the district, biomass is imported (12.7 GWh/year).



Step 6 and 7: Calculation of the primary energy and primary energy balance. The factors considered are: PEFnren for electric-national grid = 2.007; PEFnren for biomass = 0.085. In Torrelago, the PEB is equal to −0.1 GWh/year. Therefore, the PED is achieved.



Step 8: Sankey Diagram.Figure 2 shows the energy diagram flows.




4. Discussion and Conclusions


Correspondingly, the Groningen PED is supplied partially by the power grid, compensating it with heat exported to the district heating network. In Torrelago, there is a need for at least 535 kWp of PV installation in order to be able to meet the electric demand and also to compensate for the biomass use within the district. For the calculation in both case studies, PEFnren has been adopted since there is still lack of standardization regarding the calculation of renewable primary energy factors.



At the design stage of any district such as in the Torrelago case, the amount of energy to be exported, budget limitations and other design parameters need to be considered to be able to design the PED and go through all steps. Groningen followed a similar approach at this stage, and later on will need to implement monitoring solutions and control strategies to measure the achievement of the energy surplus. Note that for PED studies in general, one has to aggregate and disaggregate energy balance calculations, see [13].



This paper focuses on the validation of the calculation methodology of the annual energy balance of a district in two cities—Groningen and Torrelago [6]—and was developed as the basis for energy balance calculations in the smart cities H2020 MAKING-CITY project. Apart from these specific cities, this methodology may also be validated by the rest of cities involved in PED lighthouse projects as they are at an implementation phase as in Groningen (6 cities from 18 that form the Lighthouse initiative) [14]. Moreover, for the rest of the cities aiming for district interventions at the design phase, the methodology may be followed as in the Torrelago case. Note that with the lack of standardization in PED frameworks, each study considering the calculation of energy balance in PEDs deals with assumptions and limitations regarding the size, type of boundary and critical elements.
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Figure 1. Energy diagram flow for Groningen PED area (in GWh/year). 
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Figure 2. Energy diagram flow for Torrelago case (in GWh/year). 
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