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Summary
This study quantifies efficiency gains of solar PVT to ground source heat pump (GSHP) systems in a villa, multi-family house (MFH), and a large housing complex. A GSHP is installed in 2007 and simulated for 20 years to establish the ground temperatures. In 2027 a new GSHP is installed with a parametric analysis on PVT system capacity in a series/regenerative configuration. Simulations are performed in OptCore, a commercial simulation tool for GSHP systems, which is validated at the component and systems level against a villa model in TRNSYS. Results show that the Villa and MFH get modest returns in electricity savings within the GSHP system, ranging from 3.7 - 7.8% in the Villa and 5.8 – 11.3% in the MFH. The Housing Complex experiences much more temperature degradation in the borehole field, resulting in high levels of auxiliary heating the PVT systems can entirely replace. This results in a heat pump SPF increase from 1.9 to at least 4.2 and electricity savings of 42%. The PVT generates up to 2500 kWhth/m2-yr which translates to 814 kWhel/m2-yr in electricity savings within the GSHP system. The results demonstrate the utility of PVT in a large scale renovation rarely studied before and motivates further research for this promising application.
Keywords: photovoltaic-thermal, ground source heat pump, borehole regeneration, building renovation
Field of application for the findings: solar heating and cooling systems for buildings
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Introduction
Buildings account for a large share of global final energy use and electricity consumption, which makes heating electrification a central part of building decarbonization strategies (IEA, 2021). In Sweden, heat pumps are particularly relevant because they can replace fuel-based heating with a technology compatible with a largely low-carbon electricity mix (Johansson, 2021). Ground source heat pumps (GSHPs) generally provide high efficiency, but in heating-dominated climates their long-term performance can deteriorate when annual heat extraction exceeds natural ground replenishment, leading to thermal imbalance and declining source temperatures (Karim et al., 2026).
Photovoltaic-thermal (PVT) collectors are a promising way to address this challenge because they can simultaneously generate electricity and support long-term heat pump operation via borehole field regeneration in a so-called series/regenerative configuration shown in Figure 1. Previous studies have shown that PVT-assisted GSHP systems (PVT+GSHP) can reduce long-term ground temperature degradation, improve seasonal performance, and lower borehole length requirements, which is especially relevant in buildings where drilling area is constrained (Lee et al., 2025; Liravi et al., 2024; Sommerfeldt and Madani, 2019).
The design of PVT+GSHP systems heavily relies on simulation tools for PVT and borehole capacity sizing. Several similar systems modeling tools can run such simulations, however TRNSYS is the most common in public-facing publications due to its open-source models, well-developed libraries, and flexibility for researching novel configurations. Flexibility can also mean complexity, where model construction, or even modification, can be a significant overhead. Likewise, long simulation times have also limited TRNSYS’s adoption in commercial settings, where design decisions cannot require dozens of hours from engineers (Olausson and Wernius, 2021).
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Fig. 1: The series/regenerative PVT+GSHP concept simulated in this study
OptCore, a commercial tool launched in 2026 by Optimal Energy System Sweden AB, aims to fill the gap between complexity and speed for GSHP modeling. The tool uses a timeline architecture, where loads and equipment can be added and/or removed at specific moments over a building’s lifetime, included the past, making it well suited for both new installation and renovation cases. At the time of writing, development has been focused on GSHP systems which can utilize PVT or exhaust air heat recovery to regenerate the boreholes and can also simulate electrical systems with PV and/or batteries. While a user can add/remove several components, they cannot customize configurations or controls as is done in other systems modeling tools. This is done in part to accelerate simulation times but is also a result of previous research and experience in the field guiding their system designs. OptCore is hosted on the company’s servers and accessed via browser, which further accelerates simulation times against locally run models.
Previous attempts to simplify and increase accessibility to PVT+GSHP models in TRNSYS have produced faster models, but not fast enough for commercial use and lack ease of access (Olausson and Wernius, 2021). This study contributes by validating the OptCore model against existing TRNSYS models developed in an academic setting and published under peer-review. The aim is to establish OptCore’s validity such that accelerated PVT+GSHP simulations become more accessible to researchers and practitioners. The OptCore model is then used to identify the GSHP systems most suitable for PVT renovation by scale; from standard villas to housing complexes.
Methodology
The two objectives are met via a two-stage methodology, validation and analysis. OptCore is validated against a comparable PVT+GSHP systems model in TRNSYS at the component and systems level. At the component level, the PVT collector and borehole models are validated using controlled and matched boundary conditions. At the systems level, the heat pump’s electrical demand and long-term borehole response are validated in a villa-scale PVT+GSHP system. The analysis phase takes the validated villa model and adds two more building scales: multi-family house (MFH) and a large housing complex. Each case uses identical specific thermal energy demand (kWhth/m2-yr), a 20-year operational history with heat pump renovation, proportional active borehole lengths, and matching specific PVT capacities (in m2 per kWhth of building heating demand) analysis. By controlling all the specific/normalized systems parameters to match, the approach limits the analysis specifically to PVT’s impact on GSHP systems at a broad range of residential building scales.
Component validation on the borehole and PVT is measured on the outlet temperatures using mean bias error (MBE), mean absolute error (MAE), and the coefficient of determination (R2). With heat pump electrical power, the percentage mean bias error (MBE%) and weighted absolute percentage error (WAPE) are applied. Additional validation analysis is made using an absolute cumulative error distribution for both temperatures and power.
The PVT capacity analysis is measured using lifetime borehole outlet temperatures, specific PVT thermal generation (in kWhth/m2-yr), heat pump seasonal performance factor (SPF4), relative electricity savings at the heat pump, and specific electricity savings per PVT collector area (in kWhel/m2-yr). Furthermore, the simulation times for each model will be reported with low precision to inform a discussion about the utility of each tool. High precision is not needed (i.e. timers on each simulation) due to the large disparity between the tools.
Model Description
The TRNSYS model used as the basis for validation was originally developed/published by Sommerfeldt and Madani (2019) for Swedish multi-family houses (MFH), modified by Beltrán et al. (2026) for PVT Type 203 (Chhugani et al., 2023; Stegmann et al., 2011), and adapted into a villa-scale model by Rodas (2025), the latter providing the validation basis used here. While not a validation study, a comparable TRNSYS model built independently by Liravi et al. (2024) for Norwegian MFH conditions produced highly similar results, confirming the model’s suitability as a reference. The TRNSYS model uses a multi-zone building model, a three-minute time step, and detailed component controls resulting in a simulation time of approximately 15 minutes per year. There are hundreds of inputs across dozens of component models and readers are directed to the cited studies above for full details. Due to space constraints, the model description here will be limited to the key boundary conditions and parameters for the study.
Specific building energy demand is kept constant across all test cases: space heating at 115 kWhthm-2yr-1 and domestic hot water (DHW) at 21 kWhthm-2yr-1. In TRNSYS this was set using building construction in Type 56 and represents a typical dwelling from 1985-2005 (Spets, 2012). In OptCore the annual heating demand for each type is entered as a single value (in kWhth/yr). OptCore distributes annual space heating into hourly values using the bin method with local weather supplied from Open-Meteo (2026) and DHW is distributed evenly across every hour. Weather boundary conditions are kept constant by applying the Open-Meteo weather for Stockholm to the TRNSYS model. Table 1 lists the building parameters for each case, where the thermal energy demands are simply scaled by heated area. The villa is originally described in (Rodas, 2025), the MFH case comes from (Sommerfeldt and Madani, 2019), and the Complex case represents a multi-building apartment complex (398 total dwellings) in Stockholm the authors have worked with directly. To keep the cases consistent, the Complex’s share between space heating and DHW differ from the actual building, however total demand is within 5%.
Tab. 1: Building energy demands for each simulated case
	Building Parameter
	Villa
	MFH
	Complex

	Heated Area (m2)
	140
	2000
	27 000

	Space Heating (MWh/yr)
	16.1
	230.0
	3105.0

	DHW (MWh/yr)
	2.9
	42.0
	567.0


The GSHP model in TRNSYS is based on an empirical performance map of a commercial heat pump using sink temperature, source temperature, and compressor speed to interpolate supplied heat and required electrical power. Compressor speed is derived from a proportional/integral (PI) controller matching forward temperature to the prescribed heating curve. OptCore uses a Carnot model informed by sink and source temperatures to derive COP and matches the heating demand up to the user-defined capacity. The performance factor (a fixed efficiency reduction relative to the Carnot efficiency) is set by defining the heat pump’s COP at B0/W35, the standard COP established by EN14825, available on most HP datasheets, and set here to 5.3. Sink temperature is defined by the heating curve and source temperature modeled endogenously within the brine loop. The design outdoor temperature (DOT) for Stockholm is -14 C (Boverket, 2026) where the heating curve is set to 58 C in accordance with typical convector-style heating elements. DHW is supplied at 60 C at all times.
Peak heat pump capacity in OptCore is set by defining a percentage of heating demand at DOT the HP can supply when the brine temperature is 0 C. The TRNSYS villa model has peak capacity of 8 kWth and is sufficient for monovalent operation, therefore the OptCore model for validation is set to 100%. The validation is made using typical metrological year (TMY) weather data whereas the analysis has 20-years of historical heat pump operation using measured historical weather data followed by 20 years of future operation using TMY.
The boreholes are modeled using Type 557a in TRNSYS based on the DST model (Pahud and Hellström, 1996). OptCore uses the Eskilson’s g-functions, the borehole interaction is solved using the method described by Prieto and Cimmino (2021), and outlet fluid temperatures are solved using the method by (Claesson and Javed, 2011). Total active borehole length for each case is found by assuming a 30 W/m peak load determined by converting peak HP capacity into peak BH load using the COP at B0/DOT (3.6). For the villa this results in a single 150 m borehole. In the MFH and Complex cases a borehole field is required to supply the total required lengths. Maximum borehole depth is limited to 300 m, therefore the total length is divided equally into the smallest number of boreholes that stay under 300 m. The MFH has an odd number of boreholes and placed in a U-configuration (3x3 with two center holes removed), whereas the Complex is given a 10x11 rectangular configuration, both with 15 m spacing. Key GSHP parameters that differ between analysis cases are listed in Table 2.
Tab. 2: Borehole parameters for each simulated case
	HP Parameter
	Villa
	MFH
	Complex

	Peak HP Supply (kWth)
	5.8
	83.8
	1 336

	Total BH Length (m)
	150
	2 020
	32 136

	BH Count (-)
	1
	7
	110

	BH Depth (m)
	150
	288
	292


DualSun’s Spring Max 425 PVT collectors are simulated in both models using the ISO9806:2013 quasi-dynamic model with coefficients empirically derived by Beltran et al. (2024). Total array size is normalized against total building demand across each case with a lower bound of 0.25 m2/MWh-yr and upper bound of 1.0 m2/MWh-yr, and step size of 0.25 m2/MWh-yr, encompassing optimal sizing recommendations in prior work (Beltrán et al., 2026). The list of PVT array parameters for each case is given in Table 3. In the PVT validation, only the PVT collector is studied, however there is a key differentiation in the systems models; in the TRNSYS model the PVT is connected between the borehole and heat pump (the configuration in Figure 1), whereas in OptCore they are connected after the heat pump and before the boreholes. Two studies have shown that the PVT is more productive in the post-HP configuration due to lower mean collector temperatures and is able to supper higher borehole temperatures long-term (Beltrán et al., 2026; Liravi et al., 2024), however heat pump SPF remains nearly identical. This difference in configurations will cause differences in short-term COPs when PVT is active, however long-term planning is not significantly impacted. 
Tab. 3: PVT array parameters for each simulated case
	PVT Parameter
	Villa
	MFH
	Complex

	Collector Area Step (m2)
	4
	60
	775

	Collector Area Range (m2)
	4 - 16
	60 – 240
	775 – 3100

	Rated PV Capacity (kWp)
	0.8 – 3.4
	13.2 – 52.7
	169 - 675


Results
Matching the methodology, results are presented in two sections: validation and analysis. The analysis consists of GSHP system results for each building type which are then cross-compared for the PVT-specific results. To make the graphs more easily comparable, PVT areas are labeled as small (S), medium (M), large (L) and extra-large (XL) corresponding to the collector areas listed in Table 3.
4.1 Validation
The results of the PVT collector component validation on outlet temperature are given in Figure 2, showing a high degree of agreement between TRNSYS and OptCore with an R2 of 0.9748. This outcome is expected given that both tools use the same underlying ISO9806:2013 model. The MBE is 0.30K showing OptCore is slightly warmer than TRNSYS, and MAE is 0.58K. The bottom right graph in Figure 2 shows the cumulative error between each model and at 80% of the hours the temperature differences are 2.4K or less.
The borehole outlet temperature results shown in Figure 3 are also in good agreement, with R2 of 0.9050, MBE of -0.6K and an MAE of 0.47K. Differences are predominant during the summer where OptCore shows consistently lower temperatures than TRNSYS. The cause is likely due to borehole thermal resistance and internal heat transfer of the U-tube inside the borehole. OptCore uses the multipole method (Claesson and Hellström, 2011), the same method used by other modern GSHP simulation tools, whereas Type 557 uses the DST shape factor (Hellström, 1989). Ruggerini (2026) showed that using identical boundary conditions for each model resulted in higher errors and the results shown here are the minimum achieved error from tuning borehole fill (i.e. grout) thermal resistance. Javed and Spitler (2017) studied 10 borehole thermal resistance models finding first-order multipole methods to have the best accuracy over a wide range of conditions, suggesting that the OptCore model may be producing brine temperatures closer to physical reality. Furthermore, the borehole wall temperatures for each model match with higher agreement (R2=0.9637) than the outgoing brine temperature providing further evidence that heat transfer inside the borehole is the likely cause for the discrepancies. This study can only report differences between models and defers to borehole modeling literature for empirical validation.

	

	
	


Fig. 2: PVT outlet temperature comparisons as a time series (top), scatterplot (left), and error percentiles (right)

	

	
	


Fig. 3: Borehole outlet temperature comparisons as a time series (top), scatterplot (left), and error percentiles (right)

Moving to the systems level agreement between the models starts to reduce. The heat pump’s compressor power, shown in Figure 4, has an R2 of 0.8427, an MBE of -19% and a WAPE of 28%. This is in part due to the differences between HP models (performance map vs. Carnot), but more so to differences in control. Since OptCore is using hourly timesteps, it does not have a controller that turns the heat pump on and off; it operates every hour of the year in service of the equally distributed DHW. The top graph in Figure 4 shows the difference; where the TRNSYS heat pump is cycling during most hours between May and September, OptCore operates at unrealistically low power levels (most heat pumps have a 25% minimum operating capacity). During winter when each HP is operating continuously there is a greater agreement, however OptCore is generally predicting lower demand at the peaks which is due to differences in the performance factor. The performance map in TRNSYS captures the variance in performance factor over the operating range whereas OptCore is (as of publication) using a fixed performance factor.
	

	
	


Fig. 4: Heat pump electric power comparisons as a time series (top), scatterplot (left), and error percentiles (right)
Both models are built for describing long-term behaviors (i.e. multiple years or decades), which is necessary when working GSHP systems, particularly those with large borehole fields. The results in Figure 5 show monthly average borehole outlet temperatures with generally good agreement. For years 1 to 10, where no PVT is present, the MBE is 0.1K and MAE 0.52K. In the years after PVT is installed both MBE and MAE rise to 1.2K. Across all years TRNSYS is predicting lower minimum BH temperatures consistent with the component analysis above. This is again due to differences in heat transfer within the borehole, with OptCore likely using the more accurate model (Javed and Spitler, 2017), and just as above the wall temperatures (not shown here) have better agreement (Ruggerini, 2026). The other main difference occurs after PVT is installed in Year 11 where summer temperatures are generally 1.4K higher in OptCore. This is a direct effect of the PVT connection within the brine loop – in TRNSYS it is installed between the BH and HP, in OptCore it is between the HP and BH. Since the PVT outlet fed directly into the BH in OptCore, it is expected that outlet temperatures will be higher than the TRNSYS model.
	

	
	


Fig. 5: Long-term BH temperature comparisons as a time series (top), scatterplot (left), and error percentiles (right)

4.2 Analysis
The OptCore villa model from validation is simulated for 40 years, with 20 years in the past and 20 years in the future. The results in Figure 6 show the variance in historical weather on heat pump SPF and minimum borehole outlet temperature. As is expected in single borehole systems, the outlet temperatures reach steady state within 5 to 10 years (aside from the variance in historical weather) and the future 20 years shows nearly constant SPF and minimum outlet temperatures at 4.6 and -1.9 C, respectively. In the cases with PVT, the SPF increases up to nearly 5.0 for the largest PVT area, an 8% improvement. This is due entirely to raising the heat pump evaporation temperature across the year, mainly in winter, since the borehole is always able to keep the heat pump’s operation above the minimum limit of -5 C.
	
	


Fig. 6: PVT renovation impact on the Villa heat pump SPF (left) and minimum borehole outlet temperature (right)
Large rectangular borehole fields have more mass and a lower surface area to volume ratio than a single borehole. This means their temperature evolution over time and response to solar regeneration will act more like a thermal store than a single borehole. Figure 7 shows the MFH system’s response over the 40-year period, where BH outlet temperatures can be seen falling continuously during the first 20 years. During this time the HP requires only minor support from the auxiliary heater (under 1% total electric demand) as the minimum outlet remains above -5 C. In the future 20 years the baseline GSHP sees continued reduction in BH temps and thus heat pump SPF, ending at 4.3 in 2046. Adding PVT boosts BH temperatures and thus SPF, but at a more gradual rate than with the villa. This is the BH field’s mass absorbing solar regeneration, and by 2046 most of the PVT systems have comparable SPF values to the Villa. However, the worse performance of the baseline GSHP system means the relative improvements are greater, reaching 11.3% for the largest PVT system. But just as in the Villa, the efficiency improvements come almost entirely from increased evaporator temperatures at the heat pump since the auxiliary heater is not needed for the GSHP baseline in any of the future 20 years.
	
	


Fig. 7: PVT renovation impact on the MFH heat pump SPF (left) and minimum borehole outlet temperature (right)
In the larger Housing Complex, temperature degradation and auxiliary heating become a greater issue. Figure 8 shows a near linear decline the heat pump SPF as the borehole temperatures fall during the first 10 years, hitting the evaporator limit for the first time, and then requiring ever increasing auxiliary heat as the BH field cools. Here the PVT has the most dramatic effect, with SPF rising from 1.9 in 2046 to up to 4.8 with the largest PVT, reducing the 20-year electricity demand by 60%. The small PVT system reaches an SPF of 4.2, but still requires a small amount of auxiliary heat (1% of total electricity demand) as it is not large enough to keep the minimum BH temperature above the evaporator limit. It can also be seen that after 20 years the PVT-S, M, and XL systems are still raising the BH field temperature, and therefore efficiency gains can be expected to grow past 2046.
	
	


Fig. 8: PVT renovation impact on the Complex heat pump SPF (left) and minimum borehole outlet temperature (right)
The results in Figures 6 – 8 show a clear difference in the way PVT and solar borehole regeneration behave at different GSHP scales. The results in Table 4 confirm this difference where the relative 20-year electricity savings increase as the system size increases, despite identical design methods. The difference between the Villa and MFH are due to higher source temperatures at the heat pump, but the jump in efficiency savings at the Complex is due entirely to auxiliary heating; when GSHP systems are supported by PVT, the gains in HP efficiency are low as compared to reducing the relatively inefficient auxiliary heater operation.
The greater mass of the larger borehole fields also provides a larger sink for solar regeneration, demonstrated by the greater thermal generation at the Complex relative to the Villa. The Complex’s PVT-S system generates nearly 2500 kWhth/m2-yr, over 5x that of a typical solar thermal system in Sweden (Weiss and Spörk-Dür, 2024). The cold BH field mass keeps PVT collector temperatures at 2.3 C on average, peaking to only 13.4 C, resulting in 87% of the thermal generation to be captured from the air. 
Perhaps more notable is the electricity savings at the heat pump allocated to PVT. A typical PV system in Stockholm will produce around 180 kWhel/m2-yr, equivalent to 16% total solar efficiency (Schelin, 2019). In addition to the PV generation, the Villa scale PVT saves (on average) an additional 38.3 kWhel/m2-yr within the heating system, which can be framed as a 21% increase in electricity generation due to solar thermal energy capture of the PVT. The most productive Complex PVT-S system generates a remarkable 814 kWhel/m2-yr in heating systems savings, which when combined with PV generation would result in nearly 1000 kWhel/m2-yr, or approximately 86% annual collector efficiency when measuring against incident annual solar irradiation. Since most of the PVT’s thermal energy is taken from the air, this efficiency metric is not particularly relevant; if only considering thermal generation from solar irradiance the electrical efficiency would be 30%, a 90% increase over PV-only generation, which is still a noteworthy performance increase.
Tab. 4: PVT thermal generation and electrical savings at the heat pump for all cases
	
	PVT-S
	PVT-M
	PVT-L
	PVT-XL

	PVT Thermal Gen. (kWhth/m2-yr)
	
	
	
	

	     Villa
	1345
	1029
	826
	679

	     MFH
	1595
	1165
	898
	721

	     Complex
	2498
	1795
	1378
	1100

	PVT Savings at HP (kWhel/m2-yr)
	
	
	
	

	     Villa
	38.3
	29.2
	23.8
	20.2

	     MFH
	60.6
	44.6
	35.5
	29.5

	     Complex
	814
	441
	305
	234

	20-year HP electricity savings
	
	
	
	

	     Villa
	3.7%
	5.6%
	6.9%
	7.8%

	     MFH
	5.8%
	8.6%
	10.2%
	11.3%

	     Complex
	42.0%
	45.5%
	47.1%
	48.2%


Discussion and Conclusions
This study set out to validate and utilize a new commercial GSHP modeling tool, OptCore, to describe the energy generation potential of solar PVT at multiple building scales. A key motivation for OptCore’s development is to decrease the time to finding a solution. There are several features that contribute, but of particular interest is the computational time of the model. In this case the Villa model in TRNSYS takes approximately 15 minutes per year, which when extrapolated means at least 10 hours to run the 40-year simulations as presented. In other work, the authors have found the model to require 12+ hours for 30 years, indicating some cause of computational slow down with longer simulation windows. OptCore uses a speed-optimized borehole model, longer timesteps (3 min vs. 60 min), a simplified systems model, and runs on dedicated servers. The result is that a 40-year simulation takes (from the user’s perspective, which includes data transfer to/from the servers) about 3 seconds for the Villa and 5 seconds for the Housing Complex. Total simulation time of the models presented here (not including runs for building the models) was about 1 minute. The TRNSYS models as presented would have taken at least 180 hours. There are of course ways to speed up the TRNSYS models with acceptable accuracy; prior work by the authors brought the presented model down to 6 seconds per year (Olausson and Wernius, 2021). However, these are still one-off models that are more difficult to scale and adapt to diverse use cases.
The validation shows that when boundary conditions are controlled for the borehole and PVT component models, OptCore can be considered fully validated against TRNSYS. The PVT has an R2 of 0.9748 and the single borehole 0.9050. That said, the internal thermal resistance of the borehole models required tuning to get a successful match on short-term response. This does not invalidate OptCore’s borehole model and may actually be a sign that the DST model in TRNSYS is not suitable for this task (Javed and Spitler, 2017). Furthermore, Swedish boreholes are usually filled with ground water, which has dynamic thermal resistance due to convection. This is more complex to model for short term accuracy (Spitler et al., 2016) and should be considered in future validations.
The full systems models had more moderate agreement, particularly with regards to heat pump electricity demand (R2=0.8427). There are three key differences in systems operation that can explain the deviation:
· The TRNSYS model uses 3-minute time steps with individual controllers on each component while OptCore uses 1-hour time steps and infinitely variable heat delivery,
· The TRNSYS model has a hot water tank with flow rate as a load profile while OptCore takes annual energy demand and applies it uniformly over the full year,
· The TRNSYS model places PVT after the BH and before the HP while OptCore connects the PVT after the HP and before the BH, and
· The TRNSYS model uses a fixed-speed hysteresis controller for PVT where OptCore uses a variable-speed flow rate.
Some of the differences are a function of the time steps used, most notably DHW demands and storage tank behavior which requires simpliefied modeling approaches to approximate with hourly time steps. While some aspects of the systems models can be made to match better in short-term, these differences are not as critical with long-term response. Over a 10-year period, monthly average borehole temperatures had acceptably low error (MAE=0.52C), which increased when PVT was added due to the previously mentioned connection point within the brine loop. However, these differences can be accounted for (Ruggerini, 2026) and future validation should go further to confirm them and inform future model development.
The analysis results showed that larger borehole fields, in rectangular patterns, benefit greater from PVT renovation than smaller. The Housing Complex case showed a 42% to 48% savings in electricity consumption over 20-years as compared to a GSHP without PVT. This is due to the small surface area to volume ratio of a large rectangular borehole field, which takes years or decades to reach steady state, and eventually loses its ability to supply peak power demands once the field’s core has cooled. The low temperatures combined with considerable mass resulted in very low PVT operating temperatures throughout the 20-year simulation, peaking at 13.4 C and averaging 2.3 C. This drives the remarkable 2498 kWhth/m2-yr thermal production, nearly double the Villa’s production. This result demonstrates greater value of PVT to large GSHP systems and should help motivate their renovation to older GSHP systems.
That said, more work is needed to build on these results and confirm the conclusion. First would be an economic analysis to identify at which scale PVT becomes economically viable. Prior studies have shown that PVT+GSHP can have better economics in specific cases (Beltrán et al., 2026; Sommerfeldt and Madani, 2019), but even then it is marginal. The gains shown for the Housing Complex show far better productivity and efficiency improvements, and more testing on borehole shapes (linear, L and U) and capacities are needed to define the economically positive space.
Further validation in parallel with OptCore development should also be made, specifically: borehole fields and systems with matching configurations and controls. While OptCore’s borehole model has been previously identified as being more accurate (Javed and Spitler, 2017), ideally validation should be made against empirical data and not only other computer models, particularly after PVT renovation. The speed increase and model management features are primarily beneficial to practitioners, but with more customization OptCore can be useful for researchers as well. Increased accessibility to PVT+GSHP designs improves the potential for PVT adoption in GSHP renovations, particularly in large GSHP with constrained borehole fields.
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PVT Outlet Temp (C )




Y-Values	
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Tout OptCore (C )
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BH Outlet Temp (C )




Y-Values	
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Tout OptCore (C )
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HP Elec. Power (kW)




Y-Values	
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HP Power OptCore (kW)
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Percentile



TRNSYS	1	1	1	1	1	1	1	1	1	1	1	1	2	2	2	2	2	2	2	2	2	2	2	2	3	3	3	3	3	3	3	3	3	3	3	3	4	4	4	4	4	4	4	4	4	4	4	4	5	5	5	5	5	5	5	5	5	5	5	5	6	6	6	6	6	6	6	6	6	6	6	6	7	7	7	7	7	7	7	7	7	7	7	7	8	8	8	8	8	8	8	8	8	8	8	8	9	9	9	9	9	9	9	9	9	9	9	9	10	10	10	10	10	10	10	10	10	10	10	10	11	11	11	11	11	11	11	11	11	11	11	11	12	12	12	12	12	12	12	12	12	12	12	12	13	13	13	13	13	13	13	13	13	13	13	13	14	14	14	14	14	14	14	14	14	14	14	14	15	15	15	15	15	15	15	15	15	15	15	15	16	16	16	16	16	16	16	16	16	16	16	16	17	17	17	17	17	17	17	17	17	17	17	17	18	18	18	18	18	18	18	18	18	18	18	18	19	19	19	19	19	19	19	19	19	19	19	19	20	20	20	20	20	20	20	20	20	20	20	20	1.5839489790735486	1.6707804824043753	2.4450599547201213	3.5196730394059164	5.055436865026075	5.6478328441467083	5.1368047502861689	5.2697453137002421	5.821307160923042	4.7898643055437633	2.6230275539921943	2.0077546690645161	0.40375499912072577	1.0322272674094153	1.9787272724395026	3.1518081991216809	4.7482817528044485	5.3743389363334861	4.8890029898707663	5.0469794686925402	5.6159254345476386	4.5977632733765992	2.4416468478623057	1.8315201310011424	0.23377945194372043	0.89629012070331404	1.8297430166521371	3.0199514550870834	4.6217386866350667	5.2560269891391256	4.7812711722734003	4.9364423334148251	5.5124907506124998	4.5013120063274457	2.3338766403936111	1.73056371742875	0.15018936914030243	0.78350517154971566	1.7635623446697177	2.9552353184725555	4.535246133799812	5.1791572246390141	4.7092141822653089	4.8684030295780509	5.4449105561196527	4.4237615476813312	2.2663212891397362	1.662462031422594	8.8628686945166943E-2	0.72840885206486905	1.7082540736637231	2.8946430510360415	4.49617334666996	5.1278325651404995	4.6569239919567069	4.8151448956023382	5.3967054877870551	4.3817122090472314	2.2176658975698613	1.6173498814422984	3.5187229417973795E-2	0.69153915670158628	1.6572210412688575	2.8561773003905837	4.447901833570632	5.0924395335923744	4.6246085408694624	4.7827919480390451	5.3636400682878058	4.3454470211144756	2.1794335062305139	1.5777707294955243	1.3254495920429449E-2	0.65901733533953721	1.6430177227123386	2.8296643582891248	4.4264109825496236	5.0629227698436807	4.5947920044058872	4.7493471270969358	5.3320716412492777	4.317618723931492	2.1476213588984581	1.5362467945008873	-1.853524280390793E-2	0.64605867399466821	1.596575754574973	2.790556217274514	4.3908572070951211	5.0415182651583477	4.5631676748275805	4.7200121308299865	5.3090565949827919	4.2944778770994088	2.1231429408239859	1.5065337175080913	-3.551093746374543E-2	0.61710431434431245	1.5753979053041935	2.7760178864966112	4.3686119208450807	5.01639893043175	4.5412929022559272	4.7009743554705103	5.2906663108872367	4.2789586050670838	2.1034329195330557	1.4727785381068683	-6.8178114366499454E-2	0.59621069670975002	1.5383511716237634	2.7602551393395833	4.358936032012406	4.9983014804737085	4.5292169943644893	4.6829763179694082	5.2717971952768892	4.2664385907907389	2.0871469552125417	1.4685531481802823	-7.6957170826185348E-2	0.58108146944107741	1.6301301299873119	2.9946555293793469	5.4444820136679031	6.9433468096618061	6.7790566740646776	6.6936431812734947	7.1218533165046525	5.2704390293488039	2.5402987284606109	1.9749111081573656	8.2359466852085353E-2	0.7066543252895402	1.7471356586868951	3.0911874612335555	5.5052402298722845	7.0020110198094443	6.8333617284174863	6.7417394871816256	7.1365490493573613	5.3150418266075272	2.5866463187139721	2.023407699314355	0.13424605360926559	0.77722757909444495	1.8001754667547043	3.1235658305422502	5.520910395329893	7.0257537669334171	6.8543026163715464	6.7605449542960354	7.1858898242191396	5.3388673727199061	2.8085285754417084	2.0721790920093413	0.16747216327084813	0.80653070771439872	1.7920279466412903	3.1383769687877363	5.5533196225162493	7.0423014809766942	6.8744325622120295	6.7737273654292469	7.1970899079717494	5.3615020115088576	2.8242119535686387	2.0866813278567742	0.17695462332858469	0.79139710600016822	1.8122067808503899	3.1424447583855137	5.5517100594936286	7.0496969753472358	6.879868645840296	6.7796689336670699	7.2029782094770827	5.3700947121714915	2.6390343398259861	2.0891037010536557	0.18526926342135214	0.81118359622985414	1.8213836474288574	3.1570574541427221	5.5477448101584947	7.0515111604532077	6.8875399565169086	6.7824770102449596	7.2065410429006951	5.3853044087573387	2.6494068187180835	2.1102144966290188	0.19806490097224191	0.81684116468464141	1.819983243116035	3.1395371803741114	5.5564173918009407	7.0554646113924999	6.8901692065652149	6.7842291240570027	7.2089719610065837	5.3861223519040058	2.6555089210605973	2.1161024326865454	0.20891792574868009	0.84711106569223971	1.8209299977285216	3.1419468268270418	5.5591373409012634	7.0576757357153053	6.8928083632124872	6.7846175728878633	7.2113076034663059	5.3992258573323921	2.6643004295422914	2.1388854035557663	0.21923351829843682	0.83960884813203118	1.8245635291175539	3.1573137051687223	5.5607965672458866	7.0603160229832076	6.8935153961515594	6.7860790848145562	7.2117199295472361	5.4066310371136694	2.8640267370716526	2.1590295512245028	0.24457668102634408	0.86166546846278869	1.8379038113275807	3.1484752263076667	5.5742174174274597	7.022067445199208	6.8924828749969889	6.7854743142957927	7.2116996637721389	5.4217112045669218	2.6785950158093335	2.1478744216574195	OptCore	1	1	1	1	1	1	1	1	1	1	1	1	2	2	2	2	2	2	2	2	2	2	2	2	3	3	3	3	3	3	3	3	3	3	3	3	4	4	4	4	4	4	4	4	4	4	4	4	5	5	5	5	5	5	5	5	5	5	5	5	6	6	6	6	6	6	6	6	6	6	6	6	7	7	7	7	7	7	7	7	7	7	7	7	8	8	8	8	8	8	8	8	8	8	8	8	9	9	9	9	9	9	9	9	9	9	9	9	10	10	10	10	10	10	10	10	10	10	10	10	11	11	11	11	11	11	11	11	11	11	11	11	12	12	12	12	12	12	12	12	12	12	12	12	13	13	13	13	13	13	13	13	13	13	13	13	14	14	14	14	14	14	14	14	14	14	14	14	15	15	15	15	15	15	15	15	15	15	15	15	16	16	16	16	16	16	16	16	16	16	16	16	17	17	17	17	17	17	17	17	17	17	17	17	18	18	18	18	18	18	18	18	18	18	18	18	19	19	19	19	19	19	19	19	19	19	19	19	20	20	20	20	20	20	20	20	20	20	20	20	2.4229123733743241	1.9227807751936348	2.2715012631974045	2.7374168835101238	4.3021849148304572	5.3831341383016849	5.819970332280576	5.6982843528306466	5.7257410604903356	4.5729401615404868	3.3841247891374207	2.7601269021547234	1.228570273747702	1.2375584165160882	1.7351169391330994	2.2938986705191473	3.9124989830789252	5.0346524228796552	5.506528983348522	5.4139081784298817	5.4653985063613213	4.3356016900106695	3.1642247398457326	2.5568354191469127	1.0403818795695907	1.04889374001588	1.5597626304295733	2.1308088568758521	3.7540872520028015	4.8818017995001322	5.3605313988775922	5.2744899262618015	5.3317135934909077	4.209214497907027	3.0429742864357663	2.4432235273111949	0.9300085131101602	0.95494333986906255	1.4621521950407959	2.0345502451863777	3.6577057464573821	4.7876673040690845	5.2686692457185362	5.185562407559468	5.2446702336361106	4.1261441538589398	2.9614174369336093	2.3643409103507218	0.85418232209178124	0.88001813752856117	1.3894021564737671	1.9651315251198329	3.5878950030361776	4.7185912305403557	5.2004784741086132	5.1190016984287094	5.1792971078462609	4.0628757851814834	2.9003957732219967	2.3048588524388416	0.79712978268920931	0.82333081772374594	1.3329756077801309	1.9102963404840405	3.5329059132169713	4.6644334474916658	5.1471462783972299	5.0666870274434235	5.1276451994426955	4.0130863464916535	2.8514925494024568	2.2575152150171807	0.75211439491617427	0.76635857106813332	1.2828973492043243	1.8620984380589163	3.4863193448221361	4.618286326122667	5.101805850311484	5.0221754424952652	5.0839014002651526	3.9706861193297178	2.8100996054531997	2.2172972715119639	0.71401075484628629	0.73904184942548368	1.2503445987950894	1.8274585747139827	3.4509383185098845	4.5823683241382867	5.0662205476586291	4.9866800816888723	5.0486850448730749	3.9364848885489949	2.7771725596129331	2.1845888492179437	0.68354830982001402	0.70801819549198097	1.2196190113736001	1.7968009137189211	3.4191121296098617	4.5509258392233454	5.0348445654446508	4.9556103463208689	5.0179166515198634	3.9067331352210437	2.747833115890209	2.155924779031869	0.65647903969191901	0.6798696533663221	1.1921736131284777	1.7694681662275131	3.3916651144122074	4.5232167628489046	5.0073167146359667	4.9283326066996942	4.9908925942925553	3.8806184542832072	2.7229186071445408	2.1305580264194584	0.97044084850237355	1.2635920577463273	2.2849565730334436	3.425015637603948	5.9933681444566673	7.8647742429905874	8.5035188350714712	8.0831424279993058	8.0805393398619429	6.2033437008770509	4.3643148409952515	3.5985270283778457	1.4639940344421505	1.6162857719281249	2.5577388839874793	3.65560533103237	6.1883795783703208	8.0322042857775848	8.6531879605997695	8.2208098758127335	8.2029829533467034	6.3150945466430324	4.467120666726637	3.6926993021191286	1.5619224737094286	1.7020240761589771	2.636520479310553	3.7301534615939271	6.2570943489210746	8.0946577657641274	8.7108754957922407	8.2777946614431599	8.256874797685045	6.3673265006538591	4.5151666656957907	3.738358288640248	1.6099413125121818	1.7473477999690179	2.6797366603374435	3.7695549903550063	6.2945750865539338	8.1306213133934033	8.7433788695203507	8.3098070296643733	8.2885552568860259	6.4070605676714836	4.5463723569049437	3.7670318529927469	1.6396028508818663	1.7697208092369976	2.7046947188560586	3.7989034977075886	6.3189748600533537	8.1533399001523641	8.7639208750910012	8.3299545768009313	8.3053647673423505	6.4253344717634029	4.5649699235794534	3.7858490276440748	1.6595881663970085	1.793894582410869	2.7241329952363467	3.8172190299823057	6.3366840992487434	8.1704798364665656	8.7802744095866849	8.3472140625045768	8.3222467895350274	6.4416012820665722	4.5791862456455883	3.8002816134992599	1.6756201148280963	1.8078798896525838	2.7382468677234555	3.8303601309419619	6.3495506207989596	8.1828696995009462	8.7929707635164434	8.3604024345487513	8.3346638742235584	6.4538187949297363	4.5875844366351082	3.8108506687844597	1.6869896208338875	1.8186909099740087	2.7488502724703521	3.8395696626429987	6.3585417308017105	8.1931661147349288	8.8018308884863217	8.370596645831597	8.3441517555016507	6.4634172280696687	4.5967761096687632	3.8196199874154879	1.6964980667077365	1.8218400214327568	2.7567910202063937	3.8479825123007214	6.3664507860302075	8.1996831907526833	8.8082403707326353	8.375510235778469	8.3496767716049298	6.4692182701852134	4.6029651565515532	3.8261880842172142	1.7033949112056708	1.835371252704072	2.7653529607826042	3.8561190317877054	6.3746011260044488	8.2082757972029938	8.8162613472910021	8.3838104713610573	8.3576016514561999	6.4767796541900706	4.6103824475578152	3.833064364425403	
BH Outlet Temp (C )




Y-Values	
1.5839489790735486	1.6707804824043753	2.4450599547201213	3.5196730394059164	5.055436865026075	5.6478328441467083	5.1368047502861689	5.2697453137002421	5.821307160923042	4.7898643055437633	2.6230275539921943	2.0077546690645161	0.40375499912072577	1.0322272674094153	1.9787272724395026	3.1518081991216809	4.7482817528044485	5.3743389363334861	4.8890029898707663	5.0469794686925402	5.6159254345476386	4.5977632733765992	2.4416468478623057	1.8315201310011424	0.23377945194372043	0.89629012070331404	1.8297430166521371	3.0199514550870834	4.6217386866350667	5.2560269891391256	4.7812711722734003	4.9364423334148251	5.5124907506124998	4.5013120063274457	2.3338766403936111	1.73056371742875	0.15018936914030243	0.78350517154971566	1.7635623446697177	2.9552353184725555	4.535246133799812	5.1791572246390141	4.7092141822653089	4.8684030295780509	5.4449105561196527	4.4237615476813312	2.2663212891397362	1.662462031422594	8.8628686945166943E-2	0.72840885206486905	1.7082540736637231	2.8946430510360415	4.49617334666996	5.1278325651404995	4.6569239919567069	4.8151448956023382	5.3967054877870551	4.3817122090472314	2.2176658975698613	1.6173498814422984	3.5187229417973795E-2	0.69153915670158628	1.6572210412688575	2.8561773003905837	4.447901833570632	5.0924395335923744	4.6246085408694624	4.7827919480390451	5.3636400682878058	4.3454470211144756	2.1794335062305139	1.5777707294955243	1.3254495920429449E-2	0.65901733533953721	1.6430177227123386	2.8296643582891248	4.4264109825496236	5.0629227698436807	4.5947920044058872	4.7493471270969358	5.3320716412492777	4.317618723931492	2.1476213588984581	1.5362467945008873	-1.853524280390793E-2	0.64605867399466821	1.596575754574973	2.790556217274514	4.3908572070951211	5.0415182651583477	4.5631676748275805	4.7200121308299865	5.3090565949827919	4.2944778770994088	2.1231429408239859	1.5065337175080913	-3.551093746374543E-2	0.61710431434431245	1.5753979053041935	2.7760178864966112	4.3686119208450807	5.01639893043175	4.5412929022559272	4.7009743554705103	5.2906663108872367	4.2789586050670838	2.1034329195330557	1.4727785381068683	-6.8178114366499454E-2	0.59621069670975002	1.5383511716237634	2.7602551393395833	4.358936032012406	4.9983014804737085	4.5292169943644893	4.6829763179694082	5.2717971952768892	4.2664385907907389	2.0871469552125417	1.4685531481802823	-7.6957170826185348E-2	0.58108146944107741	1.6301301299873119	2.9946555293793469	5.4444820136679031	6.9433468096618061	6.7790566740646776	6.6936431812734947	7.1218533165046525	5.2704390293488039	2.5402987284606109	1.9749111081573656	8.2359466852085353E-2	0.7066543252895402	1.7471356586868951	3.0911874612335555	5.5052402298722845	7.0020110198094443	6.8333617284174863	6.7417394871816256	7.1365490493573613	5.3150418266075272	2.5866463187139721	2.023407699314355	0.13424605360926559	0.77722757909444495	1.8001754667547043	3.1235658305422502	5.520910395329893	7.0257537669334171	6.8543026163715464	6.7605449542960354	7.1858898242191396	5.3388673727199061	2.8085285754417084	2.0721790920093413	0.16747216327084813	0.80653070771439872	1.7920279466412903	3.1383769687877363	5.5533196225162493	7.0423014809766942	6.8744325622120295	6.7737273654292469	7.1970899079717494	5.3615020115088576	2.8242119535686387	2.0866813278567742	0.17695462332858469	0.79139710600016822	1.8122067808503899	3.1424447583855137	5.5517100594936286	7.0496969753472358	6.879868645840296	6.7796689336670699	7.2029782094770827	5.3700947121714915	2.6390343398259861	2.0891037010536557	0.18526926342135214	0.81118359622985414	1.8213836474288574	3.1570574541427221	5.5477448101584947	7.0515111604532077	6.8875399565169086	6.7824770102449596	7.2065410429006951	5.3853044087573387	2.6494068187180835	2.1102144966290188	0.19806490097224191	0.81684116468464141	1.819983243116035	3.1395371803741114	5.5564173918009407	7.0554646113924999	6.8901692065652149	6.7842291240570027	7.2089719610065837	5.3861223519040058	2.6555089210605973	2.1161024326865454	0.20891792574868009	0.84711106569223971	1.8209299977285216	3.1419468268270418	5.5591373409012634	7.0576757357153053	6.8928083632124872	6.7846175728878633	7.2113076034663059	5.3992258573323921	2.6643004295422914	2.1388854035557663	0.21923351829843682	0.83960884813203118	1.8245635291175539	3.1573137051687223	5.5607965672458866	7.0603160229832076	6.8935153961515594	6.7860790848145562	7.2117199295472361	5.4066310371136694	2.8640267370716526	2.1590295512245028	0.24457668102634408	0.86166546846278869	1.8379038113275807	3.1484752263076667	5.5742174174274597	7.022067445199208	6.8924828749969889	6.7854743142957927	7.2116996637721389	5.4217112045669218	2.6785950158093335	2.1478744216574195	2.4229123733743241	1.9227807751936348	2.2715012631974045	2.7374168835101238	4.3021849148304572	5.3831341383016849	5.819970332280576	5.6982843528306466	5.7257410604903356	4.5729401615404868	3.3841247891374207	2.7601269021547234	1.228570273747702	1.2375584165160882	1.7351169391330994	2.2938986705191473	3.9124989830789252	5.0346524228796552	5.506528983348522	5.4139081784298817	5.4653985063613213	4.3356016900106695	3.1642247398457326	2.5568354191469127	1.0403818795695907	1.04889374001588	1.5597626304295733	2.1308088568758521	3.7540872520028015	4.8818017995001322	5.3605313988775922	5.2744899262618015	5.3317135934909077	4.209214497907027	3.0429742864357663	2.4432235273111949	0.9300085131101602	0.95494333986906255	1.4621521950407959	2.0345502451863777	3.6577057464573821	4.7876673040690845	5.2686692457185362	5.185562407559468	5.2446702336361106	4.1261441538589398	2.9614174369336093	2.3643409103507218	0.85418232209178124	0.88001813752856117	1.3894021564737671	1.9651315251198329	3.5878950030361776	4.7185912305403557	5.2004784741086132	5.1190016984287094	5.1792971078462609	4.0628757851814834	2.9003957732219967	2.3048588524388416	0.79712978268920931	0.82333081772374594	1.3329756077801309	1.9102963404840405	3.5329059132169713	4.6644334474916658	5.1471462783972299	5.0666870274434235	5.1276451994426955	4.0130863464916535	2.8514925494024568	2.2575152150171807	0.75211439491617427	0.76635857106813332	1.2828973492043243	1.8620984380589163	3.4863193448221361	4.618286326122667	5.101805850311484	5.0221754424952652	5.0839014002651526	3.9706861193297178	2.8100996054531997	2.2172972715119639	0.71401075484628629	0.73904184942548368	1.2503445987950894	1.8274585747139827	3.4509383185098845	4.5823683241382867	5.0662205476586291	4.9866800816888723	5.0486850448730749	3.9364848885489949	2.7771725596129331	2.1845888492179437	0.68354830982001402	0.70801819549198097	1.2196190113736001	1.7968009137189211	3.4191121296098617	4.5509258392233454	5.0348445654446508	4.9556103463208689	5.0179166515198634	3.9067331352210437	2.747833115890209	2.155924779031869	0.65647903969191901	0.6798696533663221	1.1921736131284777	1.7694681662275131	3.3916651144122074	4.5232167628489046	5.0073167146359667	4.9283326066996942	4.9908925942925553	3.8806184542832072	2.7229186071445408	2.1305580264194584	0.97044084850237355	1.2635920577463273	2.2849565730334436	3.425015637603948	5.9933681444566673	7.8647742429905874	8.5035188350714712	8.0831424279993058	8.0805393398619429	6.2033437008770509	4.3643148409952515	3.5985270283778457	1.4639940344421505	1.6162857719281249	2.5577388839874793	3.65560533103237	6.1883795783703208	8.0322042857775848	8.6531879605997695	8.2208098758127335	8.2029829533467034	6.3150945466430324	4.467120666726637	3.6926993021191286	1.5619224737094286	1.7020240761589771	2.636520479310553	3.7301534615939271	6.2570943489210746	8.0946577657641274	8.7108754957922407	8.2777946614431599	8.256874797685045	6.3673265006538591	4.5151666656957907	3.738358288640248	1.6099413125121818	1.7473477999690179	2.6797366603374435	3.7695549903550063	6.2945750865539338	8.1306213133934033	8.7433788695203507	8.3098070296643733	8.2885552568860259	6.4070605676714836	4.5463723569049437	3.7670318529927469	1.6396028508818663	1.7697208092369976	2.7046947188560586	3.7989034977075886	6.3189748600533537	8.1533399001523641	8.7639208750910012	8.3299545768009313	8.3053647673423505	6.4253344717634029	4.5649699235794534	3.7858490276440748	1.6595881663970085	1.793894582410869	2.7241329952363467	3.8172190299823057	6.3366840992487434	8.1704798364665656	8.7802744095866849	8.3472140625045768	8.3222467895350274	6.4416012820665722	4.5791862456455883	3.8002816134992599	1.6756201148280963	1.8078798896525838	2.7382468677234555	3.8303601309419619	6.3495506207989596	8.1828696995009462	8.7929707635164434	8.3604024345487513	8.3346638742235584	6.4538187949297363	4.5875844366351082	3.8108506687844597	1.6869896208338875	1.8186909099740087	2.7488502724703521	3.8395696626429987	6.3585417308017105	8.1931661147349288	8.8018308884863217	8.370596645831597	8.3441517555016507	6.4634172280696687	4.5967761096687632	3.8196199874154879	1.6964980667077365	1.8218400214327568	2.7567910202063937	3.8479825123007214	6.3664507860302075	8.1996831907526833	8.8082403707326353	8.375510235778469	8.3496767716049298	6.4692182701852134	4.6029651565515532	3.8261880842172142	1.7033949112056708	1.835371252704072	2.7653529607826042	3.8561190317877054	6.3746011260044488	8.2082757972029938	8.8162613472910021	8.3838104713610573	8.3576016514561999	6.4767796541900706	4.6103824475578152	3.833064364425403	Tout TRNSYS (C )


Tout OptCore (C )



Percentile	8.3658956656572081E-2	9.0913881147668518E-2	9.2983175430815468E-2	9.5566100432706413E-2	0.10734123572859611	0.13179166102215967	0.1505269281863173	0.15160928546369212	0.15260361931256594	0.17143816831934688	0.17355869152271675	0.18077715712159215	0.20024032248354207	0.20533114910667294	0.21692414400327653	0.21740837994079421	0.23599486884511034	0.24361033330640325	0.24535628873028603	0.2481702409841251	0.25200029278925951	0.2546359908503586	0.26037155010971702	0.26216158336592965	0.26469870584502342	0.26666795085888584	0.26998038622256382	0.27274965936737328	0.2728283153983293	0.2809046009843339	0.28389507940437841	0.29209750842041871	0.29761739382239139	0.30141014962892188	0.30385680282637129	0.31715937798141702	0.31883642386574795	0.31885191718995598	0.32424543348872659	0.33236067462282204	0.33804759284697639	0.33968651345383094	0.34617755849528575	0.34623115577988361	0.34693260460177422	0.35577889393059348	0.35799298855041384	0.36012037350801429	0.36692870973734149	0.3722254698460401	0.37422518963899343	0.38582013650753177	0.39148992056992959	0.40924133460014378	0.42800608610070867	0.42853903913040448	0.43036010822460113	0.44463644372101374	0.45914994102006101	0.46547309120840463	0.47508471762480387	0.4780997202714774	0.49355166318872357	0.5030528728310486	0.50701384590559684	0.52253773752776755	0.54355448215190627	0.54888613078876425	0.55945506345322737	0.56441786979881448	0.57926022660419196	0.6065876310516769	0.61752599347775572	0.63117802156726999	0.63577165193199914	0.64440019635715329	0.65402961878894716	0.65482644304613169	0.65645873932207488	0.66016157583958357	0.66200487823917609	0.66247824655474163	0.67205904317194287	0.67805513170985243	0.67974448552165634	0.68105047701107657	0.68251058830524991	0.68272987565213539	0.68313934849803637	0.68314624092500065	0.68316558199440713	0.68750897099654318	0.69066880713199907	0.69082295056785048	0.69509614779387308	0.69762283581595685	0.70187887892812784	0.70764380548003869	0.70909764604215519	0.71265980988244482	0.71905924728375947	0.72257789198342692	0.72465715405841846	0.72531528814577029	0.73254599765019424	0.73618395359118161	0.73885989899574478	0.7412554640376845	0.7523722330902074	0.75325195019561786	0.76109723514522631	0.7619425532712355	0.76555363514661434	0.76726480055972512	0.77981914396985774	0.78225615589579256	0.78893928909024869	0.79313322899801886	0.79940438990044704	0.80038370857698915	0.80565421878432097	0.80660242762587031	0.81060322530058415	0.82481527462697624	0.83578276972552334	0.8363450125558487	0.83896339430077549	0.85790952860253356	0.86765143463226524	0.8775403873424299	0.88770871369615323	0.88914259821123132	0.89248793800566872	0.90274934780748928	0.90827834363378246	0.90963144663858475	0.91499592035366062	0.9182636246074205	0.92068507328617777	0.9214274333287813	0.92479649706453215	0.92744914945502344	0.92792027474183048	0.92951152591620856	0.93222749108883973	0.93290467152824696	0.93991888858523653	0.94009163772748749	0.94081709225461918	0.9458809599065432	0.94949979123521899	0.95868602335729047	0.96309764256053132	0.96727091760019857	0.96756592023020849	0.97157984428176902	0.97370578424128329	0.97832370323682938	0.97921697277769004	0.98223117330072562	0.98271098618101482	0.9907869731120702	0.99103872496794243	1.0000527200355052	1.028459127933953	1.0301932659681405	1.0455585561626259	1.0473980193285588	1.0550684496231488	1.0552397595919114	1.0562968733092335	1.062587233071544	1.0641913707372765	1.066433903989342	1.0676964430257305	1.0689039988307103	1.0709849734659054	1.0883198324167092	1.0914653489142765	1.1023865578652678	1.1036429248051283	1.1157057466343323	1.1189686760133579	1.1256919132169747	1.1274050881084463	1.1328441520353447	1.1354903790196236	1.1379568420576938	1.1393671677694757	1.145901987684061	1.1862083520037858	1.3816345675900652	1.3894992467258112	1.427676420100163	1.4424691492413335	1.4588182301793267	1.4626482275532817	1.4743189029756563	1.4772645484092997	1.4775552138558543	1.4780716950852073	1.4790703886311078	1.5172497071471245	1.5360796642351264	1.5502856431338614	1.5647370522596171	1.5761733104917486	1.5859790729437337	1.5894311509639127	1.5983361570652646	1.6236159202204801	1.6661791966309067	1.6671585329927114	1.6692916028047735	1.6803505251359727	1.6807345838597216	1.6851899427679835	1.690067116870241	1.6947482360979143	1.6967453265904191	1.7066380902540823	1.7221604033363049	1.7244621610067936	1.7389384194799007	1.8198262321822831	1.8240161125346406	1.8565728794206944	1.8689463073083212	1.8804743480126649	1.8840522292507051	1.8927344530697763	1.9028015569512284	1.9090225252738344	1.9147249745810759	1.9237784722940132	1.9259355837534673	1.9297794269275048	1.9317874317484818	1.9320755155745108	1.9324756801264718	4.1666666666666666E-3	8.3333333333333332E-3	1.2500000000000001E-2	1.6666666666666666E-2	2.0833333333333332E-2	2.5000000000000001E-2	2.9166666666666667E-2	3.3333333333333333E-2	3.7499999999999999E-2	4.1666666666666664E-2	4.583333333333333E-2	0.05	5.4166666666666669E-2	5.8333333333333334E-2	6.25E-2	6.6666666666666666E-2	7.0833333333333331E-2	7.4999999999999997E-2	7.9166666666666663E-2	8.3333333333333329E-2	8.7499999999999994E-2	9.166666666666666E-2	9.583333333333334E-2	0.1	0.10416666666666667	0.10833333333333334	0.1125	0.11666666666666667	0.12083333333333333	0.125	0.12916666666666668	0.13333333333333333	0.13750000000000001	0.14166666666666666	0.14583333333333334	0.15	0.15416666666666667	0.15833333333333333	0.16250000000000001	0.16666666666666666	0.17083333333333334	0.17499999999999999	0.17916666666666667	0.18333333333333332	0.1875	0.19166666666666668	0.19583333333333333	0.2	0.20416666666666666	0.20833333333333334	0.21249999999999999	0.21666666666666667	0.22083333333333333	0.22500000000000001	0.22916666666666666	0.23333333333333334	0.23749999999999999	0.24166666666666667	0.24583333333333332	0.25	0.25416666666666665	0.25833333333333336	0.26250000000000001	0.26666666666666666	0.27083333333333331	0.27500000000000002	0.27916666666666667	0.28333333333333333	0.28749999999999998	0.29166666666666669	0.29583333333333334	0.3	0.30416666666666664	0.30833333333333335	0.3125	0.31666666666666665	0.32083333333333336	0.32500000000000001	0.32916666666666666	0.33333333333333331	0.33750000000000002	0.34166666666666667	0.34583333333333333	0.35	0.35416666666666669	0.35833333333333334	0.36249999999999999	0.36666666666666664	0.37083333333333335	0.375	0.37916666666666665	0.38333333333333336	0.38750000000000001	0.39166666666666666	0.39583333333333331	0.4	0.40416666666666667	0.40833333333333333	0.41249999999999998	0.41666666666666669	0.42083333333333334	0.42499999999999999	0.42916666666666664	0.43333333333333335	0.4375	0.44166666666666665	0.44583333333333336	0.45	0.45416666666666666	0.45833333333333331	0.46250000000000002	0.46666666666666667	0.47083333333333333	0.47499999999999998	0.47916666666666669	0.48333333333333334	0.48749999999999999	0.49166666666666664	0.49583333333333335	0.5	0.50416666666666665	0.5083333333333333	0.51249999999999996	0.51666666666666672	0.52083333333333337	0.52500000000000002	0.52916666666666667	0.53333333333333333	0.53749999999999998	0.54166666666666663	0.54583333333333328	0.55000000000000004	0.5541666666666667	0.55833333333333335	0.5625	0.56666666666666665	0.5708333333333333	0.57499999999999996	0.57916666666666672	0.58333333333333337	0.58750000000000002	0.59166666666666667	0.59583333333333333	0.6	0.60416666666666663	0.60833333333333328	0.61250000000000004	0.6166666666666667	0.62083333333333335	0.625	0.62916666666666665	0.6333333333333333	0.63749999999999996	0.64166666666666672	0.64583333333333337	0.65	0.65416666666666667	0.65833333333333333	0.66249999999999998	0.66666666666666663	0.67083333333333328	0.67500000000000004	0.6791666666666667	0.68333333333333335	0.6875	0.69166666666666665	0.6958333333333333	0.7	0.70416666666666672	0.70833333333333337	0.71250000000000002	0.71666666666666667	0.72083333333333333	0.72499999999999998	0.72916666666666663	0.73333333333333328	0.73750000000000004	0.7416666666666667	0.74583333333333335	0.75	0.75416666666666665	0.7583333333333333	0.76249999999999996	0.76666666666666672	0.77083333333333337	0.77500000000000002	0.77916666666666667	0.78333333333333333	0.78749999999999998	0.79166666666666663	0.79583333333333328	0.8	0.8041666666666667	0.80833333333333335	0.8125	0.81666666666666665	0.8208333333333333	0.82499999999999996	0.82916666666666672	0.83333333333333337	0.83750000000000002	0.84166666666666667	0.84583333333333333	0.85	0.85416666666666663	0.85833333333333328	0.86250000000000004	0.8666666666666667	0.87083333333333335	0.875	0.87916666666666665	0.8833333333333333	0.88749999999999996	0.89166666666666672	0.89583333333333337	0.9	0.90416666666666667	0.90833333333333333	0.91249999999999998	0.91666666666666663	0.92083333333333328	0.92500000000000004	0.9291666666666667	0.93333333333333335	0.9375	0.94166666666666665	0.9458333333333333	0.95	0.95416666666666672	0.95833333333333337	0.96250000000000002	0.96666666666666667	0.97083333333333333	0.97499999999999998	0.97916666666666663	0.98333333333333328	0.98750000000000004	0.9916666666666667	0.99583333333333335	1	Tout Error (K)


Percentile



Heat Pump SPF

PVT16	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.6663193374479439	4.7393342182699705	4.4963828049621766	4.0329480264493034	4.3967662579793041	4.4140334294972732	4.3014991299254994	4.6285476847630775	4.7114529386660138	4.424190764940545	4.4756378240072907	4.3224936139860342	4.5079793576568923	4.7543409247448016	4.3169499581077977	4.4731228258160467	4.3274114521117149	4.3684017276978633	4.5522492862433559	4.4101057486149946	4.9052805422071657	4.9329522323019388	4.9465033625046413	4.9520124268577712	4.9554959462606867	4.9551355647075424	4.959410880008547	4.9613857561466146	4.9629073718583401	4.9609405435406799	4.9651729473845938	4.9660816557372218	4.9667669817562006	4.9641410656542471	4.9679750735150723	4.9684643411329077	4.9685643471488676	4.9657048416270255	4.9691373607048108	4.969455845299974	PVT12	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.6663193374479439	4.7393342182699705	4.4963828049621766	4.0329480264493034	4.3967662579793041	4.4140334294972732	4.3014991299254994	4.6285476847630775	4.7114529386660138	4.424190764940545	4.4756378240072907	4.3224936139860342	4.5079793576568923	4.7543409247448016	4.3169499581077977	4.4731228258160467	4.3274114521117149	4.3684017276978633	4.5522492862433559	4.4101057486149946	4.8605438302967769	4.8872258800565644	4.8988489786416798	4.9040052677208497	4.9073974006461958	4.9064205912388372	4.9113653914534474	4.9130438115741413	4.9143166078071143	4.9119844152082344	4.9163625404947977	4.9172689391820699	4.9179668000781298	4.9151834918629769	4.9190689789340558	4.9195279596670769	4.9199624141708602	4.91699898504078	4.920554996654519	4.9208107065795996	PVT8	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.6663193374479439	4.7393342182699705	4.4963828049621766	4.0329480264493034	4.3967662579793041	4.4140334294972732	4.3014991299254994	4.6285476847630775	4.7114529386660138	4.424190764940545	4.4756378240072907	4.3224936139860342	4.5079793576568923	4.7543409247448016	4.3169499581077977	4.4731228258160467	4.3274114521117149	4.3684017276978633	4.5522492862433559	4.4101057486149946	4.8043043423107221	4.8251432696101757	4.836112755758097	4.8405135151795742	4.8432861080797016	4.8417102196553792	4.8470886458604934	4.8483559586165192	4.8494227984205756	4.8465846335151754	4.8509222208593021	4.8515440006367685	4.8520639292524708	4.8487954745964341	4.8528378336467357	4.8531739747754878	4.8534280299683097	4.8499647713679623	4.8538528472086853	4.854078940546521	PVT4	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.6663193374479439	4.7393342182699705	4.4963828049621766	4.0329480264493034	4.3967662579793041	4.4140334294972732	4.3014991299254994	4.6285476847630775	4.7114529386660138	4.424190764940545	4.4756378240072907	4.3224936139860342	4.5079793576568923	4.7543409247448016	4.3169499581077977	4.4731228258160467	4.3274114521117149	4.3684017276978633	4.5522492862433559	4.4101057486149946	4.7210143165737488	4.7342967386704746	4.7430365628239946	4.7460115687343229	4.7476403101582347	4.7453665410736603	4.7497034087117429	4.7504347777155065	4.7509964266214091	4.7478149658020419	4.751699680253223	4.7519837992358331	4.7521971495117246	4.7487416882530775	4.7524137035271492	4.7525309407378193	4.7525974464289682	4.7490259061100293	4.7526040197013204	4.7526436632191533	GSHP	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.6663193374479439	4.7393342182699705	4.4963828049621766	4.0329480264493034	4.3967662579793041	4.4140334294972732	4.3014991299254994	4.6285476847630775	4.7114529386660138	4.424190764940545	4.4756378240072907	4.3224936139860342	4.5079793576568923	4.7543409247448016	4.3169499581077977	4.4731228258160467	4.3274114521117149	4.3684017276978633	4.5522492862433559	4.4101057486149946	4.5794389498444081	4.5755362306145182	4.5780381220588371	4.5774545538879794	4.5768101815812718	4.5730141178462285	4.5754749827468029	4.5748760840873475	4.5742780236055918	4.5705305494514636	4.5730398464725255	4.5725142762412938	4.5719819128658674	4.5683058499990175	4.5708821617768667	4.5704176612727494	4.5699525675293717	4.5663517673197171	4.5689929013802573	4.5685913940975151	


Min BH Outlet Temp (C)

PVT-XL	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.9654690862701001	-1.3980361964955901	-2.6490946332561802	-3.2693553503441199	-3.3871401749285401	-3.0774454588697	-3.2686102931482801	-2.3120441856224501	-1.8854285459956801	-3.1835564542616801	-2.8063673983714099	-3.4091420015402498	-3.0544539241080799	-1.37349367939575	-3.3462006056558198	-3.1354421715638199	-2.90001271570137	-3.4590922379378801	-3.0675227810154899	-3.50366721004215	-1.6469591519884601	-1.0568498729436699	-0.93244830172623405	-0.86208895347236902	-0.81618631886648096	-0.78259553088261902	-0.76066606828257599	-0.74066670484739505	-0.72400806729093203	-0.71020222946571998	-0.69930965992091099	-0.689262000550384	-0.68053840089172901	-0.67317386802678003	-0.66715246547765295	-0.66097271100020205	-0.655812450265574	-0.65117211748109305	-0.64756958474491599	-0.64399216451834396	PVT-L	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.9654690862701001	-1.3980361964955901	-2.6490946332561802	-3.2693553503441199	-3.3871401749285401	-3.0774454588697	-3.2686102931482801	-2.3120441856224501	-1.8854285459956801	-3.1835564542616801	-2.8063673983714099	-3.4091420015402498	-3.0544539241080799	-1.37349367939575	-3.3462006056558198	-3.1354421715638199	-2.90001271570137	-3.4590922379378801	-3.0675227810154899	-3.50366721004215	-1.66382947657961	-1.14022751043773	-1.02932387707386	-0.96830029212314905	-0.92845821602138301	-0.89948579152393404	-0.87823881166588902	-0.86080709213684203	-0.84638365755896605	-0.83461474013929804	-0.82513913652321302	-0.81631076301065597	-0.80848456858579199	-0.80206957212274499	-0.79708825073286604	-0.79187075539520801	-0.78738807687815304	-0.78304796892524497	-0.78017077777608601	-0.77691241172457504	PVT-M	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.9654690862701001	-1.3980361964955901	-2.6490946332561802	-3.2693553503441199	-3.3871401749285401	-3.0774454588697	-3.2686102931482801	-2.3120441856224501	-1.8854285459956801	-3.1835564542616801	-2.8063673983714099	-3.4091420015402498	-3.0544539241080799	-1.37349367939575	-3.3462006056558198	-3.1354421715638199	-2.90001271570137	-3.4590922379378801	-3.0675227810154899	-3.50366721004215	-1.6856031526392601	-1.25730950901909	-1.1684784369702299	-1.11867450434518	-1.08652346284025	-1.0640722259875799	-1.0475257462017999	-1.03340212842268	-1.02229576942592	-1.0132824863332699	-1.00654208201267	-0.99979785675467003	-0.99437382952333497	-0.989852499556516	-0.98666526011811195	-0.98292380795518297	-0.97987958731916103	-0.97728464376152901	-0.97575745787872803	-0.97339684127719595	PVT-S	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.9654690862701001	-1.3980361964955901	-2.6490946332561802	-3.2693553503441199	-3.3871401749285401	-3.0774454588697	-3.2686102931482801	-2.3120441856224501	-1.8854285459956801	-3.1835564542616801	-2.8063673983714099	-3.4091420015402498	-3.0544539241080799	-1.37349367939575	-3.3462006056558198	-3.1354421715638199	-2.90001271570137	-3.4590922379378801	-3.0675227810154899	-3.50366721004215	-1.7149007291666001	-1.4435219027853901	-1.38489536325006	-1.3531496974936601	-1.3332752838375801	-1.31954141696495	-1.31041228361509	-1.3029168204688	-1.2972408284005199	-1.2929370830728499	-1.2903310955468501	-1.2873536746805501	-1.2852211416006301	-1.28317552200725	-1.2827260109960199	-1.28145000621817	-1.28069197621102	-1.28021001468889	-1.28068023321425	-1.2801600658780601	GSHP	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.9654690862701001	-1.3980361964955901	-2.6490946332561802	-3.2693553503441199	-3.3871401749285401	-3.0774454588697	-3.2686102931482801	-2.3120441856224501	-1.8854285459956801	-3.1835564542616801	-2.8063673983714099	-3.4091420015402498	-3.0544539241080799	-1.37349367939575	-3.3462006056558198	-3.1354421715638199	-2.90001271570137	-3.4590922379378801	-3.0675227810154899	-3.50366721004215	-1.7747803786557299	-1.7835968930164401	-1.78914154640506	-1.79388558128199	-1.79953895065679	-1.8049039235467601	-1.8110138471073201	-1.81594425747473	-1.8210222526143001	-1.8260370570264599	-1.8316718776154699	-1.8360577892918299	-1.8408110023664299	-1.84523261475113	-1.8502692309853399	-1.8540685641143999	-1.8579968981171699	-1.8618626801284699	-1.8663634777767999	-1.86964208127874	



Heat Pump SPF

PVT16	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.7839486436203886	4.8406363283257923	4.5548083523407099	4.0512725549269648	4.4039367237593527	4.3990409513285833	4.2650157234080979	4.5845878144737453	4.6538658328259315	4.3445072762614547	4.3875812704400934	4.2243438447215098	4.3965808561647517	4.631399183728238	4.1820943262948074	4.3337016592088045	4.1823074506946707	4.2044277493209847	4.3851572197984376	4.2368781186335571	4.8005798336463075	4.8367293874837296	4.8596881984726323	4.8747662230181188	4.8871110863263176	4.8927221870094488	4.9051662096778168	4.9112022286886194	4.9177129602064387	4.9196603099605669	4.9274926134503554	4.9307403629494813	4.9338726520246947	4.9332760801505406	4.9390331743094604	4.9418583007374854	4.9437298699119312	4.9429925269965729	4.9478167802998163	4.9493890260443827	PVT12	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.7839486436203886	4.8406363283257923	4.5548083523407099	4.0512725549269648	4.4039367237593527	4.3990409513285833	4.2650157234080979	4.5845878144737453	4.6538658328259315	4.3445072762614547	4.3875812704400934	4.2243438447215098	4.3965808561647517	4.631399183728238	4.1820943262948074	4.3337016592088045	4.1823074506946707	4.2044277493209847	4.3851572197984376	4.2368781186335571	4.7468878080537991	4.7836366623663027	4.8040612062495036	4.8175471168079698	4.8278136868966834	4.8336948246846196	4.8442368785635663	4.8505526183974714	4.8560453168023496	4.8575803622754714	4.8650150868821562	4.8690608831877409	4.8717572970459111	4.8710418699497637	4.8768503414103339	4.8790384692424471	4.880962290843641	4.879344749582871	4.8839668184229366	4.8851719954621373	PVT8	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.7839486436203886	4.8406363283257923	4.5548083523407099	4.0512725549269648	4.4039367237593527	4.3990409513285833	4.2650157234080979	4.5845878144737453	4.6538658328259315	4.3445072762614547	4.3875812704400934	4.2243438447215098	4.3965808561647517	4.631399183728238	4.1820943262948074	4.3337016592088045	4.1823074506946707	4.2044277493209847	4.3851572197984376	4.2368781186335571	4.678304075057258	4.7055928467207231	4.7252496706496121	4.736492790847743	4.7454653288876241	4.7492091868112567	4.7591124561876992	4.7639174988310486	4.7682418056980458	4.7680126864502874	4.7748094321606036	4.7775924045516307	4.7801143711798186	4.778380005777195	4.7837716687715588	4.7853761736909863	4.7868651324971871	4.7841718945198766	4.788647016459973	4.7895403201109552	PVT4	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.7839486436203886	4.8406363283257923	4.5548083523407099	4.0512725549269648	4.4039367237593527	4.3990409513285833	4.2650157234080979	4.5845878144737453	4.6538658328259315	4.3445072762614547	4.3875812704400934	4.2243438447215098	4.3965808561647517	4.631399183728238	4.1820943262948074	4.3337016592088045	4.1823074506946707	4.2044277493209847	4.3851572197984376	4.2368781186335571	4.5744402528929911	4.5919661940725458	4.6053285693536274	4.6125960889711521	4.6176919645390173	4.6182223039047638	4.6247660186335109	4.6272222757251065	4.6292557673744357	4.6270667922229967	4.6317546442045714	4.6325953313882007	4.6332719090183376	4.6300678165668065	4.6338745822245544	4.634098085663001	4.6341919557915343	4.6305905456955401	4.6339732132448335	4.6338389864790894	GSHP	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.7839486436203886	4.8406363283257923	4.5548083523407099	4.0512725549269648	4.4039367237593527	4.3990409513285833	4.2650157234080979	4.5845878144737453	4.6538658328259315	4.3445072762614547	4.3875812704400934	4.2243438447215098	4.3965808561647517	4.631399183728238	4.1820943262948074	4.3337016592088045	4.1823074506946707	4.2044277493209847	4.3851572197984376	4.2368781186335571	4.40370426462583	4.3945822946655468	4.3916756865852822	4.3860021562456994	4.3804556873394791	4.3720433675186303	4.3696787564951638	4.3646069268356387	4.3596692234816024	4.3518983734344676	4.3501104484597493	4.3456267043292209	4.3412642812521574	4.3340701319450581	4.3327854185292676	4.3288090092512013	4.3249333834060302	4.3182296820028094	4.317369818471569	4.3138222975211624	


Min BH Outlet Temp (C)

PVT-XL	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.35963465951964	-0.87733506730385602	-2.5924825894522301	-3.25688749885984	-3.5502018577232999	-3.3905824842863002	-3.7263881419959199	-3.1081349629328701	-2.6619499497635499	-3.9645303891000001	-3.6541453351527502	-4.3725114379975603	-4.0717120370575204	-2.6895387032018099	-4.53121268366632	-4.4671362397927696	-4.5050486846975302	-4.8005700178750104	-4.6474852510245102	-5.0071653789245296	-3.4069489202499699	-2.62018662483618	-2.3274217336199001	-2.1204824087844498	-1.96126084724766	-1.83641367618956	-1.73137651471165	-1.64258332668725	-1.56815234425619	-1.5042098055464399	-1.45021814517227	-1.40183433338288	-1.36193798345341	-1.32808620941487	-1.2966978747492399	-1.2682389230218301	-1.24153247258785	-1.21824989560561	-1.1978503757657499	-1.1795859951673699	PVT-L	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.35963465951964	-0.87733506730385602	-2.5924825894522301	-3.25688749885984	-3.5502018577232999	-3.3905824842863002	-3.7263881419959199	-3.1081349629328701	-2.6619499497635499	-3.9645303891000001	-3.6541453351527502	-4.3725114379975603	-4.0717120370575204	-2.6895387032018099	-4.53121268366632	-4.4671362397927696	-4.5050486846975302	-4.8005700178750104	-4.6474852510245102	-5.0071653789245296	-3.4172974998638401	-2.73261133833384	-2.47591905062637	-2.2934676878717601	-2.15173127420013	-2.0398562177453998	-1.9483205650284201	-1.8712878259757399	-1.8069076450196599	-1.7512487763304401	-1.7047168449055301	-1.6629305299952899	-1.6265826151413301	-1.5950100982517199	-1.56797863377429	-1.54284688884828	-1.52071363407204	-1.50101972866669	-1.4847011134699	-1.4695975110236501	PVT-M	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.35963465951964	-0.87733506730385602	-2.5924825894522301	-3.25688749885984	-3.5502018577232999	-3.3905824842863002	-3.7263881419959199	-3.1081349629328701	-2.6619499497635499	-3.9645303891000001	-3.6541453351527502	-4.3725114379975603	-4.0717120370575204	-2.6895387032018099	-4.53121268366632	-4.4671362397927696	-4.5050486846975302	-4.8005700178750104	-4.6474852510245102	-5.0071653789245296	-3.4244366565540401	-2.90515138276049	-2.6978690007483999	-2.5542173580960399	-2.4423688391082301	-2.3534074319394298	-2.2818605615035499	-2.2209938630116999	-2.1709871347065302	-2.1287768774279501	-2.0941883155125902	-2.0632936220893598	-2.03677042107162	-2.0137024019429499	-1.9951521993105299	-1.97732798271292	-1.96215704322998	-1.9487602554694501	-1.93851576708661	-1.9286875021832	PVT-S	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.35963465951964	-0.87733506730385602	-2.5924825894522301	-3.25688749885984	-3.5502018577232999	-3.3905824842863002	-3.7263881419959199	-3.1081349629328701	-2.6619499497635499	-3.9645303891000001	-3.6541453351527502	-4.3725114379975603	-4.0717120370575204	-2.6895387032018099	-4.53121268366632	-4.4671362397927696	-4.5050486846975302	-4.8005700178750104	-4.6474852510245102	-5.0071653789245296	-3.49576990555645	-3.1765120840622001	-3.0572834490793399	-2.9751159143229402	-2.91444059282713	-2.8682145225094402	-2.8335013606888602	-2.8053063013511799	-2.78321981600932	-2.7660235395021102	-2.7539215121173499	-2.7431144439732398	-2.7356265897438399	-2.73004730233705	-2.7275836304232399	-2.72486241052236	-2.7235682286158802	-2.7233647474066198	-2.7253931694175599	-2.72644744138322	GSHP	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	-1.35963465951964	-0.87733506730385602	-2.5924825894522301	-3.25688749885984	-3.5502018577232999	-3.3905824842863002	-3.7263881419959199	-3.1081349629328701	-2.6619499497635499	-3.9645303891000001	-3.6541453351527502	-4.3725114379975603	-4.0717120370575204	-2.6895387032018099	-4.53121268366632	-4.4671362397927696	-4.5050486846975302	-4.8005700178750104	-4.6474852510245102	-5.0071653789245296	-3.6396472080298401	-3.6988370816499998	-3.7549777636119699	-3.8087277658720402	-3.8612343906430699	-3.9125305659740302	-3.9638565784405499	-4.0121695156447901	-4.0593439713598096	-4.1052473429044998	-4.1512195904837501	-4.1943054900260996	-4.23638969866371	-4.2776154324036604	-4.3189312299392899	-4.3574932518333203	-4.3951426241225802	-4.4319018264452898	-4.4689961033335699	-4.5035418114338102	



Heat Pump SPF

PVT16	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.9227752117033399	4.9641154453013003	4.6530012355414074	4.1402667371716637	4.4420030772404298	4.4008551339838116	4.245797205037273	4.5026250746877485	4.5334473959244548	4.223382510056128	4.2364280578804925	4.0607285390434882	4.1871275902403848	4.3597334414417599	3.7725832887972142	3.952344003975365	3.6437218096606094	3.6041798995389862	3.7024199870505758	3.2949936944615992	4.5037958914547982	4.5608697714195774	4.6008107074169065	4.6303056029815908	4.6555524017322858	4.673037298191355	4.6947591865800993	4.7104952606187043	4.7259991277013835	4.7378642942232174	4.7545707481915347	4.7660244059039858	4.7763561214263683	4.782307465708401	4.7938050311855136	4.8021231078892264	4.8099985710799782	4.8141566315733506	4.8237770318247284	4.8300256416803942	PVT12	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.9227752117033399	4.9641154453013003	4.6530012355414074	4.1402667371716637	4.4420030772404298	4.4008551339838116	4.245797205037273	4.5026250746877485	4.5334473959244548	4.223382510056128	4.2364280578804925	4.0607285390434882	4.1871275902403848	4.3597334414417599	3.7725832887972142	3.952344003975365	3.6437218096606094	3.6041798995389862	3.7024199870505758	3.2949936944615992	4.4233908318230606	4.4825107231629193	4.5186413804210153	4.5452297890412785	4.5684303433591777	4.5849224001681836	4.6059932223814135	4.6212486316807624	4.6349117535031663	4.6446053578094499	4.6570013738544818	4.6660515028539757	4.6755254301569646	4.680836223070501	4.6922942980596565	4.6994355817459201	4.7064030761172404	4.7092447047907298	4.717773566365584	4.7230367338664188	PVT8	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.9227752117033399	4.9641154453013003	4.6530012355414074	4.1402667371716637	4.4420030772404298	4.4008551339838116	4.245797205037273	4.5026250746877485	4.5334473959244548	4.223382510056128	4.2364280578804925	4.0607285390434882	4.1871275902403848	4.3597334414417599	3.7725832887972142	3.952344003975365	3.6437218096606094	3.6041798995389862	3.7024199870505758	3.2949936944615992	4.2859331157800202	4.3708069290539218	4.4031411780428771	4.4245215144349634	4.4437068966525537	4.4558336351159298	4.4728765064941953	4.4850977715508415	4.4960221903133695	4.5025066789723649	4.5142834246855426	4.5223929413355446	4.5292193779629528	4.5325378156991878	4.5414935181907987	4.5469061913084854	4.5517376392676701	4.5525895387472399	4.5598583521986242	4.5636121503050608	PVT4	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.9227752117033399	4.9641154453013003	4.6530012355414074	4.1402667371716637	4.4420030772404298	4.4008551339838116	4.245797205037273	4.5026250746877485	4.5334473959244548	4.223382510056128	4.2364280578804925	4.0607285390434882	4.1871275902403848	4.3597334414417599	3.7725832887972142	3.952344003975365	3.6437218096606094	3.6041798995389862	3.7024199870505758	3.2949936944615992	4.0396408064375375	4.1266465857515557	4.1640102576845655	4.1862039409038063	4.1989508130899802	4.2068776818537712	4.2164859252872331	4.2262566295822692	4.2341554575317204	4.2350477222276099	4.2409256327645108	4.2456036018058256	4.2474697561449766	4.2464916526703433	4.2496825283459563	4.2500380819951165	4.250342243239027	4.2475543421740261	4.2499906150728259	4.249804453819146	GSHP	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	4.9227752117033399	4.9641154453013003	4.6530012355414074	4.1402667371716637	4.4420030772404298	4.4008551339838116	4.245797205037273	4.5026250746877485	4.5334473959244548	4.223382510056128	4.2364280578804925	4.0607285390434882	4.1871275902403848	4.3597334414417599	3.7725832887972142	3.952344003975365	3.6437218096606094	3.6041798995389862	3.7024199870505758	3.2949936944615992	3.5357998496698242	3.3692373831747711	3.2457034268737157	3.1100723642621104	2.9910843155091689	2.9077175356696814	2.741435228068501	2.6631653434429428	2.576936777690602	2.4557357221464291	2.3969040947506848	2.3536001248552698	2.2205837272193727	2.1559058545659613	2.1397431173567729	2.1050127872370457	2.0314005408813798	1.936576566288341	1.9064616876838403	1.8982657002393155	


Min BH Outlet Temp (C)

PVT-XL	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	0.49573050951818698	0.77711249184777098	-1.4320213016643299	-2.14412404537652	-2.60200117468306	-2.7057457988337501	-3.2724817877665502	-3.2578144317367799	-2.9119418228301499	-4.2332861152744004	-4.2021032449689297	-5.0168244642455901	-5.03805129081797	-4.4412752468661196	-5.2663872872378201	-5.27259375420544	-5.5486639216557503	-5.4603978655103598	-5.4238986737945298	-5.2127550741464104	-5.4419276542727602	-5.0741754651780697	-4.5896805835554497	-4.2038331977150003	-3.88737018984822	-3.6346088393892901	-3.3685519339187699	-3.1680192472422002	-2.99783344038392	-2.8001779119494299	-2.6248877254038399	-2.4701611873566001	-2.3277101108306901	-2.1989293669771	-2.0853324278422698	-1.98284478834137	-1.88825878992875	-1.80189256832781	-1.7231660830359099	-1.65045583063038	PVT-L	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	0.49573050951818698	0.77711249184777098	-1.4320213016643299	-2.14412404537652	-2.60200117468306	-2.7057457988337501	-3.2724817877665502	-3.2578144317367799	-2.9119418228301499	-4.2332861152744004	-4.2021032449689297	-5.0168244642455901	-5.03805129081797	-4.4412752468661196	-5.2663872872378201	-5.27259375420544	-5.5486639216557503	-5.4603978655103598	-5.4238986737945298	-5.2127550741464104	-5.3814028627439798	-5.0865676732063898	-4.9084055532241804	-4.5622318677394897	-4.2631932096748901	-4.01899430242341	-3.80445875478325	-3.6546439440506102	-3.48136967486588	-3.3193772450516001	-3.20995304608345	-3.11847396186822	-2.99643116262247	-2.8862846017236099	-2.7875815905857699	-2.6957012717323101	-2.6124756375403	-2.5370707138901101	-2.4715822225461901	-2.40733585777966	PVT-M	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	0.49573050951818698	0.77711249184777098	-1.4320213016643299	-2.14412404537652	-2.60200117468306	-2.7057457988337501	-3.2724817877665502	-3.2578144317367799	-2.9119418228301499	-4.2332861152744004	-4.2021032449689297	-5.0168244642455901	-5.03805129081797	-4.4412752468661196	-5.2663872872378201	-5.27259375420544	-5.5486639216557503	-5.4603978655103598	-5.4238986737945298	-5.2127550741464104	-5.5058686693475396	-5.2815369749402699	-5.1197628566556697	-5.0838531872778896	-4.8832627731659297	-4.7077989648543399	-4.54420891940525	-4.4000415779135302	-4.2687394496988702	-4.15418273989531	-4.0528970151270398	-3.95896521020159	-3.88930353529291	-3.8127539154530399	-3.74597944034302	-3.6870154686444998	-3.6503181039592101	-3.60196763928885	-3.5654474158789502	-3.5218855626721899	PVT-S	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	0.49573050951818698	0.77711249184777098	-1.4320213016643299	-2.14412404537652	-2.60200117468306	-2.7057457988337501	-3.2724817877665502	-3.2578144317367799	-2.9119418228301499	-4.2332861152744004	-4.2021032449689297	-5.0168244642455901	-5.03805129081797	-4.4412752468661196	-5.2663872872378201	-5.27259375420544	-5.5486639216557503	-5.4603978655103598	-5.4238986737945298	-5.2127550741464104	-5.6103676371085198	-5.54359022412517	-5.50041036144962	-5.5641268648326996	-5.5014019050129797	-5.4508422584266301	-5.4112911701776403	-5.3783528964656	-5.4589003025546097	-5.4371494665140201	-5.4215226193786998	-5.4083203101858803	-5.3979261944789299	-5.3907132014021499	-5.3869265727453799	-5.3833312144311201	-5.3814816728799304	-5.3810837809677601	-5.3835398484592902	-5.3852837602902497	GSHP	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	0.49573050951818698	0.77711249184777098	-1.4320213016643299	-2.14412404537652	-2.60200117468306	-2.7057457988337501	-3.2724817877665502	-3.2578144317367799	-2.9119418228301499	-4.2332861152744004	-4.2021032449689297	-5.0168244642455901	-5.03805129081797	-4.4412752468661196	-5.2663872872378201	-5.27259375420544	-5.5486639216557503	-5.4603978655103598	-5.4238986737945298	-5.2127550741464104	-5.7393395060272701	-5.7437409840625397	-5.7957997845938598	-5.8295723276392497	-5.8766455489046301	-5.9052896086870499	-5.9241802291293304	-5.9538610298109598	-6.0455008956974403	-6.0846266016343602	-6.1414327687858901	-6.0181790851367998	-5.93490058435804	-5.9389882364631603	-6.0130607879813098	-6.11612161978654	-6.1248484713386704	-6.1690883405296102	-6.2372136100411897	-6.03149731095038	
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