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Assessing Buildings’ Adaptation to Climate Change 
The case of a winery at design project stage. 

CAROLINA GANEM KARLEN1,2 GUSTAVO BAREA PACI1 SOLEDAD ANDREONI TRENTACOSTE1 
1 INAHE – CONICET, Mendoza, Argentina 

2 FAD – UNCUYO, Mendoza, Argentina 

ABSTRACT: This paper presents the thermal and energy analysis of a winery project in the current situation and 
in 3 tentative scenarios (2020-2050-2080). The winery will be build in the Uco Valley, a cold inter-mountain 
valley in Province of Mendoza (33° 34´ 57.4 "SL; 69º 02´ 47.8" WL and 1,025 masl) (GD base 18 = 1963 / GD base 
20 = 2466). An Energy Plus model of the architectural proposal was made with the current climatic conditions, 
and in the future according to scenario A2 of the IPCC. Meteorological conditions were adopted using one of the 
IPCC GCMs. EPW files were generated by Climate Change World Weather File Generator (CCWorldWeatherGen, 
University of Southampton). According to the initial project, current consumption was estimated at 35.70 
kWh/m2 (135,374.40 kWh year), and when the proposed improvements were made to the envelope consumption
was halved to 18.28 kWh m2 (69,317.76 kWh year). With these results, future consumption is evaluated in the 
three mentioned scenarios. The building with improvements turns out to be resilient and adapts to climate 
change, maintaining the energy consumption of refrigeration throughout its useful life, unlike the initial project 
in which energy consumption for refrigeration tripled by 2080. 
KEYWORDS: thermal and energy simulation, future climate, climate change, resilience. 

1. INTRODUCTION
The prediction of thermal and energy behaviour

of buildings at the design project stage, that is prior 
to its construction, allows the design of a better 
response to the climate of the site. It is possible to 
evaluate different options in order to reduce energy 
consumption for the functioning of the building that 
will impact for many decades, even a century, on the 
economy and on the environment. These 
assessments will ensure the construction of a building 
resilient to climate change. In this work, a winery 
project in the Uco Valley, Province of Mendoza, 
Argentina is analyzed. 

Wine production is the most important regional 
industry since it corresponds to an emerging 
economy, and therefore its energy consumption 
multiplies every year. From 2000 to 2009, the area 
cultivated with vine plants went from 201,113 
hectares to 228,575 hectares. In 2000, the quantity of 
high-quality grapes produced was 1,275,772 tons, in 
2013 this figure increased to 1,997,442 tons and it 
increased again to 2,568,726 tons in 2018, marking a 
clear growing trend. [1 - 3] 

The Ministry of the Environment, Rural and 
Marine Affairs [4] carried out a survey of energy 
consumption in 20 wineries. It reports that the 
electrical consumptions of the studied wineries are in 
a range between 28,718 and 709,257 kWh per year, 
and that on average they consume 275,691 kWh of 
electric power per year. There are wineries that 
consume only 10% of the average energy 

consumption and others that consume three times 
the average energy consumption. The considerable 
variations depend on the size of the winery, but 
mostly on design decisions concerning orientation, 
shape and materiality. It is evident the opportunity to 
reduce energy consumption by improving the 
architecture of the building. 

First studies carried out in wine establishments in 
the North Oasis of the Province of Mendoza, 
Argentina (33° 34' 57,4" SL; 69º 02' 47,8" WL and 
1,025 masl) during the harvest season (January-
February-March for the South Hemisphere) clearly 
demonstrate the potential of integration of passive 
thermal conditioning strategies in the architectural 
envelope. [5] 

In the harvest season, the demand for 
refrigeration is higher because tons of raw material 
(around 26-30ºC of temperature) must be processed 
at 8ºC, while outside temperatures are around 38ºC. 
With consumption in the order of 100,000 kWh per 
month (January, February and March) of non-
renewable auxiliary energy, indoor temperatures still 
remain around 18°C. To achieve desirable stable 
indoor temperatures of 15 °C would require 
consumptions in the order of 390,000 kWh (only for 
these three months). [6] 

Likewise, it has been demonstrated that the level 
of interior temperature necessary for the production 
of wine (15°C), in some cases, is feasible to be 
reached only with passive strategies integrated in the 
architectural envelope. Some interesting options to 
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consider would be to locate the most thermally 
compromised spaces in underground cellars, and also 
adding sun screen protections, thermal insulation and 
nocturnal ventilation to aboveground spaces. 

To carry out a comprehensive energy analysis of a 
building, dynamic simulation programs are used. In 
this regard, Crawley et al. [7] exposed in ASHRAE 
JOURNAL that various energy simulation programs 
developed throughout the world are reaching 
maturity. Many use simulation (and even code) 
methods originally developed in the 1960s. Without 
substantial redesign or restructuring of the program, 
continuing to expand its capabilities is difficult, time-
consuming, and prohibitively expensive. However, 
phenomenal advances in analytical methods and 
computational power have increased the opportunity 
for significant improvements in the flexibility and 
comprehensiveness of these tools.  

Likewise, in addition to the aspects contemplated 
in the different regulations stated, in this work it is 
proposed to work with evaluations that include in the 
thermal and energy prediction different climatic 
situations in the future to be able to assess the 
resilience that the building will have once built 
against adaptation to climate change. Resilient design 
aspects are important in reducing negative climate 
impacts (mitigation) as well as preparing for extreme 
events resulting from climate change (adaptation). 
Climate change must be holistically addressed by 
merging resilience and sustainable strategies into an 
encompassing adaptation strategy. [8] 

2. METHODOLOGY
The methodology follows the recommendations

of the International Energy Agency (IEA) in its Annex 
21 "Thermal Response Test" [9] that develops the 
concept of a “performance assessment method" 
(PAM). A PAM is a guide to evaluate the building 
performance through the energy simulation of a 
building, which requires the establishment of a basic 
design case, the calibration of the model, the 
evaluation of the boundary conditions, the 
identification of problems, the generation of possible 
solutions and their evaluation. In this paper, 
simulations were performed with the Energy Plus 
software  version 9.3. [7] 

2.1 Dynamic Simulation with Energy Plus steps 
- Preparation of an EPW statistical climate data file
for the site where the project will be built.
- Preparation of a library of physical properties of
materials.
- Generation of a geometric physical model in Open
Studio
- Identification of 22 thermal, energy zones.
- First general run of 1 year duration: 8760 hours.

- Assessment of results and recommendations for
improvement.
- Development of a new library of physical properties
of materials.
- Second general run of 1 year duration: 8760 hours.
- Work with models of future climates.
- Analysis of sustainability and resilience of the results
obtained. Possibilities of the winery to adapt to
climate change.

2.1 Climate and future climate models 
The meteorological data used to build energy 

simulations are generally based on current or past 
weather conditions. However, most buildings have a 
lifespan of several decades, during which the climate 
can change gradually [10]. It would be convenient 
that building energy simulations incorporate 
predictions to ensure that buildings adapt to future 
conditions. 

In Argentina a comparison of temperatures 
between 1961 and 2016, displayed in Figure 1, 
indicates that the annual mean temperatures 
increased throughout the country between 0.3°C and 
2°C, being the higher increments in West Patagonia. 
The exception is the central zone, where the annual 
mean temperature remained constant, probably due 
to higher cloudiness and precipitation levels. In 
summer (December to February), the mean 
maximum temperature increased between 0.3 °C and 
2°C. As in the annual average, higher increments 
were in the West Patagonia region and the exception 
is the central zone where it decreases between −0.3 
and −1 °C. In winter (June to August), average 
maximum temperature increased between 0.5°C and 
1°C. The most affected regions were the Patagonia 
(South), the Andean region (West) and the Littoral 
(North-east). Future projections for Argentina 
indicate that the observed tendencies described 
below will deepen in the future. [11] 

Projections by the end of the 21st century  show 
both, an increase of mean temperature ranging from 
1.5 to 5.5 °C (depending on the season and region, 
with the highest increases over subtropical latitudes), 
and an increase of precipitation in central Argentina. 
This regional model also projects a maximum 
temperature increase (between 4 and 5 °C) over 
subtropical latitudes mainly during spring. [12 - 13] In 
the middle of December 2013, an intense heat wave 
began that lasted, with few interruptions, until 
almost mid-January. It covered the centre of 
Argentina: from Buenos Aires to Córdoba and 
Mendoza, with maximum temperatures above 40 °C 
and minimums greater than 24 °C. It was the longest 
and most intense recorded in the region. The 
distribution of electricity collapsed in many sectors of 
the metropolitan area of Buenos Aires.  
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Climate projections indicate that there will be an 
increase in days with heat waves in most regions of 
the country. The projected increase in the number of 
days with heat waves would be greater in the North, 
and especially in the North-west of the country, 
where it would increase by more than 60 days in the 
near future. As the North of the country is the region 
with the greatest social vulnerability to disasters, it 
would be the region with the greatest risks of social 
impacts due to heat waves. [15] 

For the creation of meteorological scenarios, the 
Climate Change tool WorldWeather File Generator 
(CCWorldWeatherGen) developed by Sustainable 
Energy Research Group, University of Southampton  
was used.[16] This tool allows to generate hourly 
weather files in ".epw" format for EnergyPlus based 
on the future monthly climate data predicted by 
HadCM3 for scenario A2 of the IPCC. [17] 

Scenario A2, is characterized by simulating a 
heterogeneous world with independent self-sufficient 
countries, continuous growth of the population and 
an economic development oriented to the region. 

Comparing the temperatures between the TMY, 
2020, 2050 and 2080 scenarios, annual values show 
that climate would increase its temperatures towards 
2080. The most compromised values would be the 
minimum average temperatures, since the difference 
between the TMY and the 2080 scenario exceeds 
4.50°C. Average maximum and average temperatures 
increase on average 3.10 °C and 3.6 °C respectively.  
See Figure 2 for a graphical comparison. 

3. CASE STUDY

This work presents a project of a winery of 3792 
m2, distributed 1867 m2 at the underground level 
(semi-buried) and 1925 m2 at the ground level.  

The different stages corresponding to the 
production of the wine and the operation of the 
winery are detailed below subdivided into 5 groups: 

1. Fermentation: 870m2 (ground level)
The temperature is more important in the

containers than in the building as a whole. Tubes are 
placed between the double walls of the vats where 
the fermentation takes place. Then, hot or cold water 
is circulated, depending on the process need. 

CO2 is released by chemical reactions. Due to its 
higher density, it falls and accumulates near the floor 
were there must be a constant ventilation. 
-Occupation: 0.01 people per m2.

- Thermostat: Without thermostat.
- Total renovations: 1.50/hour.
- Mix of airs between zones: 1/hour always on.

2. Breeding: 579 m2 (underground)
From this phase on, stability is important within

the following reference ranges: 
- Air temperature between 12-16 ºC.
- Relative humidity within the margins 70-82%.
- Minimum light.
- Occupation: 0.01 people per m2.
- Thermostat: 15 - 17 ° C.
- Total renovations at 0.50/hour.
- Mix of airs between zones 1/hour always on.

Figure 1. Temperature differences (°C/56 years) comparing year 1961 with year 2016 for Argentina: A- annual mean 
temperature (left), B-average maximum in summer (center), and C- average maximum in winter (right).  
Source: National Meteorological Service [14]
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3. Aging: 644m2 (underground)
Keeping the four parameters (temperature,

humidity, lighting and ventilation) stable and 
controlled is essential to ensure that the wine turns 
out well. Since the wine is bottled at this stage, it will 
no longer be touched until it is ready.  
- Air temperature between 12-16 ºC.
- Relative humidity in the margins 70-82%.
- Very low lighting levels. The wine is in a glass bottle
that lets the light through, especially the ultraviolet
rays, which affect the final quality of the product.
- Occupation: 0.01 people per m2.
- Thermostat: 15 - 17 ° C.
- Total renovations at 0.50/hour.
- Mix of airs between zones 1/hour always on.

4. Offices and Tourism: 719 m2 (ground floor)
These spaces are above ground and are prepared

to receive the visitor or tourist. They also include 
spaces for the staff of the winery. 
- Occupation: 0.02 people per m2.
- Thermostat: 20 °C - 24 °C.
- Total renovations at 0.50/hour.
- Mix of airs between zones 1/hour always on.

5. Machine room and warehouses: 980 m2

- Occupation: 0.01 people per m2.
- Thermostat: without thermostat.
- Total renovations at 0.50/hour.
- Mix of airs between zones 1/hour always on.

4. RESULTS AND DISCUSSION
In the case of the winery under study, the U value

of the original project is 3.89 and the U value of the 
original project is 0.843 in the case of the improved 
project. The Argentine IRAM 11604:2001 Standard 
[18] establishes a maximum admissible U for the
climate of the place of U = 1.16, so that the proposals
for improvement are framed within the requirements
of the aforementioned regulations.

Figure 3. TMY consumption in kWh m2. From bottom to top:
(a) Original Project and (b) Improved Project. Source: Own. 

Figure 2. Comparison of TMY, 2020, 2050 and 2080 scenarios. From left to right: (a) Minimum temperatures, (b) Maximum 
temperatures and (c) Average temperatures. Source: Own. 
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Figure 4. Evaluation of consumption in 2020, 2050 and 2080 scenarios. In the left column the original project results and in the 
right column the improved project results. Source: Own. 

According to the initial project, energy 
consumption was estimated at 35.70 kWh/m2 
(135,374.40 kWh year), and when the proposed 
improvements were made to the envelope, 
consumption was halved, to 18.28 kWh/m2 
(69,317.76 kWh year). See Figure 3.  

Based on these results, future consumption in the 
three tentative scenarios 2020, 2050 and 2080 is 
evaluated. In Figure 4 the results can be observed 
respectively in a comparative way. 

The estimated consumption for the year 2020 
results in a consumption of 30.55 kWh/m2 
(115,845.60 kWh year) in the case of the original 
project and 16.82 kWh/m2 (63,781.44 kWh year) in 
the improved project case. In the case of the 
prediction of energy consumption for the year 2050, 
the original project would consume 27.96 kWh/m2 
(106,024.32 kWh year) and the improved project 
15.02 kWh/m2 (56,955.84 kWh year). And, in the 
case of the estimated consumption for the year 2080, 
the original project would consume 24.85 kWh/m2 
(94,231.20 kWh year) and the improved project 14.12 
kWh/m2 (53,543.04 kWh year).  

Note that as it is a cold climate, the temperature 
increase predicted by the climate prediction in three 
future scenarios is favourable in terms of total 
building consumption. In the case of the original 
project, heating consumption is reduced from 6.3 
kWh/m2 in the current month of July (TMY) to 4.3 
kWh/m2 in the month of July in the 2080 scenario. 
However, consumption of refrigeration tripled in the 
month of January respectively. (From 0.5 kWh/m2 in 
the current month of January (TMY) to 1.3 kWh/m2 in 
the month of January in the 2080 scenario). 

4. CONCLUSIONS

Figure 5 presents a comparison between the total 
energy consumed per kWh/m2 in the four compared 
scenarios in the case of the original project and in the 
case of the project with improvements. 

Under the conditions of this study, the thermal 
transmittance of the envelope seems to have the 
greatest impact on thermal flexibility. It was also 
observed that the thermal mass has a secondary 
influence for the evaluated indicators; its variation 
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only affects the thermal flexibility if the thermal 
resistance of the envelope is sufficient. 

This type of analysis is interesting in the case of 
industrial buildings dedicated to wine production in 
which the internal temperature requirements are 
different from those that should be considered in the 
case of the permanence of people (as is the case of 
housing, schools, offices, among others). In the 
analyzed case, this type of environments, with fixed 
thermostats between 20°C and 24°C, represents only 
19% of the total m2 involved in the project. 

In conclusion, the building with improvements 
turns out to be resilient and adapts better to climate 
change (according to the A2 emissions scenario of the 
IPCC) maintaining the energy consumption of 
refrigeration throughout its useful life, unlike the 
initial project in which the Energy consumption of 
refrigeration triplicates by the year 2080. 

Figure 5. Comparison of the total energy consumed in 
kWh/m2. From top to bottom: (a) Original Project and (b) 
Improved project. 
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