
 



Course Description 

This course provides a comprehensive exploration of design-build strategies tailored for 

winery estates and associated facilities. Drawing on best practices in architecture, 

engineering, and construction management, it examines the intersection of viticultural 

production, aesthetic design, and environmental control.  

 

Emphasis is placed on sustainable building methods, integration of wine production 

flow into facility layout, environmental system design, civil site planning, regulatory 

compliance, and the unique architectural character demanded by winery operations.  

 

Case studies and multidisciplinary engineering principles support a detailed 

understanding of real-world applications. This course is intended for professional 

engineers, architects, land surveyors, and construction managers involved in the 

planning, design, or oversight of winery developments. 

 
Learning Objectives 

Upon completion of this course, participants will be able to: 

• Understand the role of integrated project delivery in winery estate construction 

• Apply sustainable site development principles to vineyard and facility design 

• Design winery facilities with consideration for viticultural production flow and 

storage 

• Evaluate architectural and aesthetic considerations unique to wineries 

• Select appropriate HVAC and humidity control systems for wine production 

environments 

• Address water management, wastewater treatment, and drainage challenges 

• Navigate zoning, permitting, and environmental compliance regulations 

• Coordinate civil, structural, and MEP disciplines within the design-build framework 

• Implement strategies for historic preservation and adaptive reuse of legacy 

buildings 
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Chapter 1: Introduction to Winery Design-Build Projects 
 

1.1 Overview of the Winery Estate Concept 

A winery estate is a unique typology that combines agricultural production, industrial 

processing, hospitality, and architectural distinction within a unified site. Unlike single-

purpose industrial facilities, winery estates must support the entire lifecycle of wine—

from grape cultivation to fermentation, aging, bottling, and public engagement. The 

spatial and infrastructural demands of these activities are highly specialized and 

interconnected. 

 

In the design of winery estates, the landscape itself becomes a functional and 

aesthetic component of the architecture. Vineyards, production facilities, tasting 

rooms, and administrative spaces are often co-located to enhance operational 

efficiency and brand experience. This integration requires a highly coordinated design 

and construction approach—one in which architectural vision, engineering precision, 

and production requirements converge harmoniously. 

 

Winery projects are often situated in ecologically sensitive or agriculturally protected 

areas. This reality heightens the importance of thoughtful site selection, regulatory 

navigation, and sustainable design. As a result, winery developments often serve as a 

testbed for integrating advanced building technologies, passive systems, and resilient 

infrastructure. 

 
1.2 Role of Design-Build in Project Delivery 

The design-build (DB) delivery method is increasingly favored for winery developments 

due to its integrated approach and efficiency. In contrast to the traditional design-bid-

build model, DB unites the design and construction responsibilities under a single 

contractual entity. This allows for faster timelines, improved communication, and fewer 

conflicts between disciplines. 

 

For winery facilities, where production timelines and seasonal considerations are critical, 

the ability to accelerate project delivery is a significant advantage. Moreover, DB 

facilitates early collaboration between architects, engineers, and builders, enabling 

constructibility reviews and cost estimation during the design phase. This alignment is 

particularly valuable when coordinating complex mechanical systems—such as climate 

controls for barrel rooms—or integrating specialty finishes and equipment layouts. 

 

Design-build also enhances the ability to manage aesthetic goals alongside technical 

requirements. Many wineries aim for high-end architectural expression that reflects their 

brand identity.  

 

The DB model allows design intent to be preserved while accommodating necessary 

changes during construction, maintaining both visual and functional performance. 

 
1.3 Stakeholders and Phases of Development 

Design-build winery projects involve a diverse set of stakeholders whose interests must 

be aligned throughout the development process.  



 

These typically include: 

• Owner/Vintner: Provides project vision, funding, and operational requirements. 

• Design-Builder: Holds overall responsibility for design and construction delivery. 

• Architect and Engineers: Develop plans for structural, mechanical, electrical, 

civil, and architectural systems. 

• Viticultural Consultant: Advises on vineyard layout, grape processing, and 

related agricultural concerns. 

• Regulatory Agencies: Oversee environmental, health, zoning, and code 

compliance. 

• Construction Trades and Fabricators: Execute the physical work, often involving 

specialty materials and methods. 

 

The phases of winery estate development typically follow this general progression: 

• Pre-Design and Feasibility: Includes land acquisition, zoning review, production 

flow planning, and financial analysis. 

• Design Development: Collaborative schematic and detailed design addressing 

architectural, structural, and utility systems. 

• Permitting and Approvals: Submittals to local, regional, and environmental 

authorities for all required entitlements. 

• Construction: Sitework, structure, systems integration, and specialty installations. 

• Commissioning and Occupancy: Testing of HVAC, water systems, and 

production equipment; followed by opening to staff and public. 

 

Each phase requires careful coordination, particularly in rural or environmentally 

constrained areas where construction access, utility provision, and permitting are 

complex. 

 
Conclusion 

This chapter has outlined the distinctive character of winery estates and the 

advantages of design-build as a delivery model. Through integration, collaboration, 

and efficiency, DB provides a framework that aligns with the aesthetic, technical, and 

operational needs of modern wineries. The following chapters will delve into each 

component of this process—beginning with site selection and land use planning. 

 

  



Chapter 2: Site Selection and Land Use Planning 
 

2.1 Vineyard Topography and Soil Considerations 

The selection of an appropriate site is fundamental to the success of a winery estate. 

While the architectural and engineering components of winery facilities are highly 

specialized, they must be grounded—both literally and strategically—on land that 

supports optimal viticultural performance. Soil composition, slope orientation, drainage, 

and microclimate are critical variables that determine grape quality and yield. These 

agricultural imperatives directly influence site planning decisions and facility layout. 

 

Topographic considerations are particularly consequential. Sloped terrains are 

generally preferred for vineyards due to enhanced drainage, sun exposure, and air 

circulation, which reduce disease pressure and improve grape ripening.  

 

However, steep gradients also introduce civil engineering challenges, particularly 

related to erosion control, access roads, retaining structures, and utility placement. Site 

plans must balance the agronomic benefits of slope with the cost and complexity of 

developing infrastructure on uneven terrain. 

 

Soil analysis is another early-stage requirement. Ideal viticultural soils are typically well-

drained and moderately fertile, composed of loam, gravel, sand, or decomposed 

volcanic material.  

 

Heavy clay or poorly drained soils may necessitate subgrade remediation or selective 

planting. Soil depth also influences root penetration and vine health, which in turn 

affects long-term vineyard productivity. 

 
2.2 Environmental Constraints and Opportunities 

Winery sites are frequently located in regions with strict environmental regulations, 

including protected watersheds, scenic corridors, wildlife habitats, or areas subject to 

agricultural preservation ordinances.  

 

These constraints can limit building envelopes, dictate setbacks, or require mitigation 

measures such as conservation easements, riparian buffers, or habitat restoration. 

 

However, environmental features can also present opportunities. Proximity to natural 

elements such as oak woodlands, creeks, or rock outcroppings can enhance the 

aesthetic appeal and brand story of a winery.  

 

These features may be integrated into the landscape design, visitor pathways, or 

architectural massing. Solar orientation and prevailing winds may also inform 

sustainable design strategies for passive heating and cooling. 

 

Site planning must also account for natural hazards such as wildfire zones, floodplains, 

and seismic activity. Each of these requires specific engineering responses: defensible 

space and fire-resistive materials, elevated floor levels and stormwater retention 

systems, and seismic-resilient structural design, respectively. 



 

Early-stage environmental due diligence often involves a combination of: 

• Phase I Environmental Site Assessment (ESA) 

• Geotechnical Investigation 

• Biological and Botanical Surveys 

• Cultural Resource Assessments 

• Wetland Delineation 

 

These reports inform the feasibility of the site and may influence design decisions long 

before ground is broken. 

 
2.3 Access, Infrastructure, and Utility Planning 

Once agricultural and environmental viability is established, the logistical aspects of site 

access and infrastructure must be evaluated. Winery facilities generate substantial 

vehicle traffic during harvest, distribution, and public visitation.  

 

Therefore, safe and efficient ingress and egress—often along rural roads—must be 

engineered to accommodate trucks, emergency vehicles, and passenger cars. 

 

Access roads must conform to local fire department requirements, including minimum 

widths, turning radii, slope limitations, and surfacing. Adequate signage, lighting, and 

wayfinding are also necessary, especially when nighttime operations or events are 

planned. 

 

Utility planning is a critical subset of site development.  

 

Remote locations often lack access to public water, sewer, and power infrastructure, 

requiring the design and permitting of: 

• Onsite wells and water storage tanks 

• Onsite wastewater treatment systems 

• Backup power generation 

• Solar arrays and battery storage 

• Broadband internet and communications infrastructure 

 

Stormwater management infrastructure, including bioswales, retention basins, and 

infiltration trenches, must be designed to handle both site runoff and process water 

from winery operations. Utility corridors should be planned to minimize disruption to 

vineyard rows, avoid critical root zones, and accommodate future expansion. 

 
Conclusion 

Effective site selection and land use planning for winery estates is a multidisciplinary 

challenge involving viticulture, civil engineering, environmental science, and planning 

law. Each decision made at this stage establishes the foundation for sustainable, code-

compliant, and operationally efficient development. The next chapter will build on this 

groundwork by exploring sustainable and resilient design strategies for winery facilities. 

 

  



Chapter 3: Sustainable and Resilient Design Principles 
 

3.1 Passive Solar and Thermal Strategies 

Winery estates offer a unique opportunity to implement passive solar and thermal 

strategies due to their architectural diversity and site-specific orientation. The 

fermentation, barrel aging, and storage areas of a winery demand tight environmental 

control, particularly in terms of temperature and humidity. Passive design can help 

meet these demands while minimizing energy consumption. 

 

Orientation and Thermal Mass: 

Proper building orientation allows for solar gain during winter months and shading 

during summer. Barrel rooms and fermentation areas often benefit from placement on 

the north or east-facing sides of buildings to reduce direct sunlight.  

 

Incorporating thermal mass—such as thick masonry or concrete walls—helps stabilize 

interior temperatures by absorbing heat during the day and releasing it at night. 

Subterranean or partially buried barrel cellars are particularly effective for achieving 

consistent thermal environments with minimal mechanical input. 

 

Natural Ventilation: 

Cross-ventilation designs are especially beneficial in non-conditioned areas, such as 

processing rooms or crush pads. High and low operable windows, thermal chimneys, 

and clerestories enhance airflow. Ventilation strategies must be balanced with odor 

containment, particularly near public-facing areas such as tasting rooms. 

 

Daylighting and Shading: 

Clerestory windows, skylights, and light wells can be integrated to illuminate 

workspaces, reducing reliance on artificial lighting. However, UV filtration and shading 

devices are essential in wine storage zones to prevent light-induced spoilage. Exterior 

shading with overhangs, trellises, or deciduous vegetation can be adapted to seasonal 

light patterns. 

 
3.2 Renewable Energy Integration 

Given the high energy demands of winery operations—especially related to HVAC, 

water pumping, and refrigeration—renewable energy systems are vital for achieving 

long-term sustainability.  

 

Photovoltaic (PV) solar arrays are the most common solution, often mounted on 

rooftops, carports, or open land. Battery storage systems further improve energy 

resilience, particularly in regions with unstable power grids or wildfire-related outages. 

 

Solar Thermal: 

Solar thermal collectors can be used to preheat process water or domestic hot water 

for hospitality areas. This is particularly effective when coupled with storage tanks sized 

to production schedules. 

 



Wind and Geothermal: 

While less common, small-scale wind turbines and geothermal heat pump systems can 

be employed depending on local conditions. Geothermal loops are especially 

beneficial for pre-conditioning the air in barrel rooms, where stable humidity and 

temperature are essential. 

 

Net-Zero and LEED Certification Goals: 

Sustainable winery projects may target net-zero energy or LEED certification. These 

frameworks guide material selection, energy modeling, and performance verification. 

They also serve as marketing tools that align with consumer expectations for 

environmental stewardship. 

 
3.3 Green Materials and Lifecycle Analysis 

The selection of green materials in winery estates extends beyond reducing carbon 

footprints—it also enhances durability, indoor air quality, and aesthetic authenticity. 

Material choices should be evaluated through a lifecycle analysis (LCA) lens, 

considering embodied energy, recyclability, and maintenance requirements. 

 

Structural and Finish Materials: 

Locally sourced stone, reclaimed wood, and low-carbon concrete are preferred for 

structural and architectural finishes. Recycled steel and engineered wood products 

offer strength and design flexibility while reducing raw material extraction. 

 

Interior Finishes: 

Low-VOC paints, sealants, and adhesives improve indoor air quality, particularly in 

public areas such as tasting rooms and event spaces. Epoxy floors, stainless steel 

surfaces, and antimicrobial coatings are common in processing areas for sanitation 

and durability. 

 

Roofing and Insulation: 

Cool roofs, green roofs, and insulated metal panels provide thermal control and 

longevity. Continuous insulation and airtight construction details prevent thermal 

bridging and improve mechanical system efficiency. 

 

Rainwater Harvesting and Greywater Reuse: 

Sustainable site systems often include rainwater collection for irrigation or process pre-

use. Greywater from hospitality facilities can be reused for landscaping if permitted by 

code. These strategies reduce freshwater demand and align with regional water 

conservation goals. 

 
Conclusion 

Sustainable and resilient design is no longer an option but a necessity in the 

development of modern winery facilities. By leveraging passive solar strategies, 

renewable energy systems, and lifecycle-conscious materials, design-build teams can 

deliver facilities that are environmentally responsible, energy efficient, and aligned with 

the cultural ethos of wine production. The next chapter will address how these 

sustainability principles are integrated into functional layouts that support wine 

production flow. 



Chapter 4: Winery Production Flow and Facility Layout 
 

4.1 Fermentation, Storage, and Bottling Flow 

The functional heart of any winery is its production flow—an integrated sequence of 

processes that includes grape reception, fermentation, barrel aging, bottling, and 

distribution.  

 

Effective layout design is essential to minimize material handling, preserve product 

integrity, and support cleanliness and safety. 

 

Grape Reception and Crushing: 

Harvested grapes typically arrive in bins or trailers and must be offloaded quickly to 

preserve quality. Receiving areas should be easily accessible to vineyard roads and 

include weighbridges, sorting tables, and de-stemming equipment.  

 

These operations are often located adjacent to covered crush pads, which may be 

semi-enclosed to allow drainage and hosing down while protecting workers from sun 

and rain. 

 

Fermentation Hall: 

After crushing, grape must is transferred to fermentation tanks, which vary in material 

(stainless steel, concrete, or wood) depending on winemaking style. The fermentation 

hall requires robust structural supports for tank anchoring, floor drainage systems, and 

temperature-controlled environments.  

 

Spatial planning should account for catwalks, forklifts, and CO₂ management. Floor 

slope is critical to enable effective washdown while preventing pooling. 

 

Barrel Aging Rooms: 

Post-fermentation, wine often moves to barrels for aging. Barrel rooms must maintain 

consistent temperature and humidity—typically between 55–60°F and 60–75% RH. Many 

are partially subterranean or built with high thermal mass to reduce HVAC loads.  

 

Racking systems, humidity sensors, and ventilation fans are key design components. 

Acoustic considerations may also be relevant, particularly in wineries that offer tours or 

events in close proximity to aging areas. 

 

Bottling and Packaging: 

Bottling lines require linear workflows with high sanitation standards. These zones must 

accommodate automated equipment, quality control labs, and labeling machinery. 

Flexible layouts allow for seasonal operation, and adjacent storage for dry goods 

(bottles, corks, labels) is essential.  

 

Consideration should also be given to loading docks, finished product warehousing, 

and distribution staging. 

 

 



4.2 Equipment Layout and Structural Requirements 

The structural design of winery facilities must respond to the size, weight, and dynamic 

loads of production equipment. Tanks can exceed several tons when full, requiring 

reinforced slabs and seismic anchoring. Suspended loads (e.g., piping, conveyors) must 

be coordinated with overhead clearances and maintenance access. 

 

Structural Planning Includes: 

• Load-bearing slab design for tank farms 

• Sloped and coated floors with integral trench drains 

• Reinforced wall penetrations for piping 

• Anchor bolts and seismic restraints 

• High-bay ceilings and service catwalks 

• Roof penetrations for vent stacks and hatches 

 

Clear spatial zoning between hot and cold operations, wet and dry areas, and food-

grade versus industrial processes supports operational safety and hygiene. Equipment 

adjacency also affects energy efficiency—placing boilers near heat exchangers or 

locating cold rooms away from solar exposures. 

 
4.3 Clean Room and Containment Considerations 

Wineries must meet rigorous sanitation standards, particularly in bottling areas and labs. 

While not ISO-rated clean rooms, these zones often follow similar design principles: 

smooth surfaces, minimized joints, and positive air pressure to exclude contaminants. 

 

Clean Design Features: 

• Seamless wall finishes (e.g., FRP or epoxy coatings) 

• Coving at floor-to-wall transitions 

• Washable ceilings with anti-fungal finishes 

• Insulated metal panels for temperature and humidity isolation 

• Pass-through chambers between clean and general spaces 

 

Wastewater from cleaning processes must be managed with dedicated collection 

systems and grease interceptors to prevent overloading of septic or treatment systems. 

Where solvents or lab chemicals are used, proper containment and exhaust ventilation 

are required by code. 

 
Conclusion 

Designing a winery facility for optimal production flow is a multidisciplinary effort that 

merges industrial engineering, food safety, structural design, and environmental control. 

Facility layout must prioritize linear process progression, minimize cross-contamination 

risks, and allow for scalable operations.  

 

These internal systems must also express the aesthetic and experiential aspirations of the 

winery as a public-facing institution. The next chapter will expand on this relationship by 

examining architectural character and how design supports both brand and visitor 

experience. 

  



Chapter 5: Architectural Character and Aesthetic 

Integration 
 

5.1 Regional Styles and Materiality 

Architecture plays a critical role in defining a winery’s identity, narrative, and 

connection to its surrounding landscape. Unlike conventional industrial buildings, winery 

facilities are often designed to evoke tradition, craftsmanship, and regional 

authenticity. This architectural expression is achieved through thoughtful integration of 

local materials, vernacular styles, and landscape features. 

 

Regional Architecture: 

Winery designs typically reflect the historical and cultural context of their location. In 

California’s Napa and Sonoma valleys, for instance, Mediterranean and Mission-style 

architecture dominates, featuring stucco walls, clay tile roofs, and arcaded 

colonnades. In contrast, wineries in Oregon’s Willamette Valley may evoke agrarian 

forms—barn-inspired profiles, cedar cladding, and steel roofing.  

 

These stylistic references are not merely cosmetic; they align the architecture with the 

values of terroir and authenticity that are central to the wine industry. 

 

Material Palette: 

Material selection communicates durability, sustainability, and tactile richness. Stone, 

wood, steel, and rammed earth are frequently employed to express both permanence 

and environmental consciousness.  

 

These materials not only reflect the local geology and craft traditions but also serve 

performance functions—stone for thermal mass, wood for acoustics, and steel for 

structural efficiency. Reclaimed or repurposed materials add another layer of narrative 

by suggesting continuity with the past. 

 

Architectural Massing and Scale: 

Winery buildings often respond to the human scale, especially in hospitality areas, while 

production zones require volumetric space for equipment. Blending these disparate 

spatial needs is a hallmark of good design.  

 

Breaking down the massing into articulated volumes—such as gabled forms, courtyards, 

or towers—can help integrate large facilities into the landscape. Hierarchy in massing 

also signals the functional flow of the winery, guiding visitors and operators intuitively. 

 
5.2 Visual Impact on Landscape and Brand Identity 

The winery is not only a production facility but also a public destination—part 

showroom, part pilgrimage site. As such, its visibility and visual impact are carefully 

choreographed to enhance both physical experience and brand messaging. 

 

Siting and View Corridors: 

Placement of buildings relative to vineyards, roads, and distant vistas must be strategic. 



Many wineries are sited along ridgelines or low knolls to capture panoramic views, while 

others are embedded into hillsides for subtlety and energy efficiency. Design must 

preserve sightlines and minimize disruption of natural contours. 

 

Wayfinding and Arrival Sequences: 

The approach to the winery—from gate to tasting room—is a spatial narrative. Graded 

driveways, flanked vineyards, water features, or sculptural elements help create a 

memorable sequence. Signage, lighting, and paving materials guide guests while 

reinforcing brand aesthetics. 

 

Iconography and Branding Elements: 

Architectural features such as bell towers, archways, entry porticos, or signature 

rooflines often become symbolic representations of the winery’s brand. These elements, 

if integrated authentically, can extend to labels, packaging, and marketing media. 

Lighting design plays a critical role in showcasing these features after dusk, balancing 

ambient visibility with dramatic effect. 

 
5.3 Visitor Experience and Tasting Room Design 

Tasting rooms are the primary public interface of a winery, and their design must 

balance hospitality, retail, and education. These spaces must accommodate varied 

visitor flows—from intimate, private tastings to large tour groups—while maintaining 

acoustic comfort, visual appeal, and operational efficiency. 

 

Spatial Programming: 

Tasting rooms typically include: 

• Tasting bars and lounge areas 

• Retail and merchandise displays 

• Private event spaces or wine libraries 

• Restrooms and ADA-compliant circulation 

• Food prep areas or commercial kitchens 

 

Designs often include seamless indoor-outdoor transitions via patios, loggias, or rooftop 

decks. Views into production areas—through glazing or elevated walkways—offer 

transparency and connection to the winemaking process. 

 

Interior Design: 

The interior palette should reflect the brand’s ethos. Rustic-modern wineries may use 

reclaimed timbers, exposed concrete, and raw steel, while luxury-oriented estates may 

feature polished stone, custom millwork, and curated art. Lighting design must enhance 

ambiance while meeting code requirements for egress and display. 

 

Acoustic and Thermal Comfort: 

Because tasting rooms are typically occupied for extended periods, acoustic 

absorption, natural ventilation, and radiant heating/cooling are important design 

factors. Operable windows and clerestories can provide cross-breezes and daylight 

without compromising energy performance. 

 
 



 

Conclusion 

Architectural character in winery design is not an afterthought—it is central to the 

winery’s cultural, functional, and commercial success. Through regional sensitivity, 

material authenticity, and visitor-focused planning, design-build teams can create 

spaces that inspire loyalty, tell a compelling story, and enhance the winemaking 

process itself. The next chapter will turn from form to function as we examine HVAC and 

environmental control strategies tailored for winery operations. 

 

 

  



Chapter 6: HVAC, Humidity, and Environmental Controls 
 

6.1 Thermal Requirements for Wine Storage 

Wine storage—especially during barrel aging and bottling—is highly sensitive to 

fluctuations in temperature. Ideal storage conditions range from 55°F to 60°F with 

minimal variation.  

 

Deviations from this range can accelerate oxidation, alter flavor profiles, or even cause 

cork failure due to pressure imbalances. Consequently, temperature control is among 

the most critical mechanical design requirements in a winery facility. 

 

Design Considerations: 

Thermal performance begins with the building envelope. High R-value insulation, low 

solar heat gain glazing, and thermal breaks in metal assemblies help reduce HVAC 

loads. Passive strategies, such as underground barrel rooms or heavily insulated 

concrete structures, reduce dependency on active cooling systems. 

 

Mechanical systems are selected based on zone usage. Barrel cellars require year-

round temperature control, while fermentation halls need active cooling during harvest.  

 

Split-system air conditioners, water-source heat pumps, and hydronic systems are 

commonly used for precision control. Redundancy and backup power are 

recommended to prevent spoilage during outages. 

 

Zoning Strategies: 

Facilities are often divided into thermal zones to optimize energy use: 

• Zone 1: Barrel storage – tightest environmental controls 

• Zone 2: Fermentation areas – variable cooling loads 

• Zone 3: Hospitality areas – human comfort requirements 

• Zone 4: Offices and administration – standard HVAC 

 

Thermal zoning allows for independent control of spaces with different thermal profiles, 

improving efficiency and reducing operating costs. 

 
6.2 Ventilation and Odor Control Systems 

Fermentation releases carbon dioxide (CO₂) in significant volumes, creating an 

asphyxiation hazard in enclosed areas. As such, controlled ventilation is not only a 

matter of comfort but a code-mandated safety measure.  

 

ASHRAE standards and local mechanical codes require CO₂ detection systems, 

makeup air units, and exhaust fans in fermentation zones. 

 

CO₂ Management: 

Sensor-activated exhaust systems and low-level intake vents ensure that heavier-than-

air CO₂ is purged effectively. Systems should be interlocked with alarms and override 

controls. Catwalks and tank tops must be properly ventilated due to proximity to 

emission sources. 



 

Odor Control: 

Wine production emits volatile organic compounds (VOCs), sulfur-based odors, and 

cleaning agents, particularly during racking and sanitization. Activated carbon filtration 

and inline scrubbers may be used in exhaust systems to mitigate these emissions, 

especially when near public spaces. 

 

Makeup Air and Dehumidification: 

In high-humidity areas, excess moisture must be exhausted while maintaining pressure 

balance. Dedicated outdoor air systems (DOAS) supply dehumidified air to prevent 

condensation and microbial growth. Positive pressure systems are often deployed in 

bottling or packaging areas to keep out contaminants. 

 
6.3 Humidification and Dew Point Management 

Relative humidity (RH) in barrel storage must be controlled between 60% and 75%. 

Below this range, evaporation loss (also known as “angel’s share”) increases, which 

affects wine concentration and requires topping off barrels. Above this range, mold 

and fungal growth become significant risks. 

 

Humidification Methods: 

• Ultrasonic Humidifiers: Efficient and suitable for smaller spaces 

• Steam Humidifiers: Provide consistent RH but require high energy 

• Evaporative Humidifiers: Common in barrel cellars with air handlers 

 

Designing for humidification also requires attention to dew point control. If interior 

surfaces reach dew point, condensation will form, potentially damaging labels, finishes, 

or mechanical systems. 

 

Surface Temperature and Dew Point Modeling: 

Energy modeling software can predict dew point and surface temperatures throughout 

the year. This data guides selection of insulation levels, vapor barriers, and ventilation 

schedules. In climates with large seasonal swings, adaptive control systems are 

preferred over fixed-setpoint controls. 

 

Control System Integration: 

Modern wineries use building management systems (BMS) or programmable logic 

controllers (PLC) to integrate HVAC, humidity, CO₂ detection, and lighting. This 

centralized control allows operators to adjust conditions remotely, set alarms, and track 

environmental data for compliance and quality control. 

 
Conclusion 

Environmental control in winery facilities is a delicate balance of thermal stability, air 

quality, and humidity regulation. These systems safeguard the quality of wine and the 

safety of personnel, while also influencing energy use and operational cost. The next 

chapter will shift focus to the external environment—examining civil engineering and 

infrastructure design for winery estates. 

  



Chapter 7: Civil Engineering and Infrastructure 
 

7.1 Roadway and Parking Design 

The layout and engineering of internal roadways and parking areas are essential 

components of winery estate development. These civil elements must balance 

functionality, aesthetics, and regulatory compliance. Winery traffic includes a mix of 

heavy vehicles (grape deliveries, distribution trucks), service vehicles, and a large 

volume of guest traffic during peak seasons or events. 

 

Circulation Planning: 

Roadways must be designed for safe and efficient movement of different vehicle types. 

Primary circulation routes are typically 20 to 24 feet wide, with adequate turning radii 

for large trucks (WB-40 or WB-50 design vehicles). Separate ingress and egress lanes are 

recommended for traffic control, with controlled access gates where needed. 

 

Parking Requirements: 

Parking demand varies depending on public access, events, and staff. Most counties 

require a base number of spaces plus overflow capacity for event days. Parking lots 

should be ADA-compliant, with a mix of standard, compact, and accessible spaces. 

Considerations for tour bus parking and bicycle storage may also apply. 

 

Paving and Surface Treatments: 

Surfaces vary based on function: 

• Asphalt Concrete: Durable for main circulation routes and parking 

• Gravel or Decomposed Granite: Suitable for overflow and aesthetic driveways 

• Pervious Pavers: Enhance stormwater infiltration and landscape integration 

 

Edge treatments, curbing, and stormwater conveyance (e.g., swales or trench drains) 

should be integrated into all road and parking designs. 

 
7.2 Stormwater Management and Erosion Control 

Stormwater management is especially critical in winery projects, which are often 

located on sloped terrain and within environmentally sensitive regions. Proper control 

systems prevent erosion, protect waterways, and ensure code compliance. 

 

Design Strategies: 

Site hydrology is modeled to understand runoff patterns and peak flow rates.  

 

Solutions may include: 

• Bioswales and Vegetated Channels 

• Retention and Detention Basins 

• Subsurface Infiltration Trenches 

• Rain Gardens and Green Roofs 

• Riprap Energy Dissipators 

 

 



Grading plans must control both surface water and subsurface flows, especially near 

barrel rooms and underground spaces. 

 

Erosion and Sediment Control (ESC): 

During construction, ESC measures—such as silt fences, check dams, and stabilized 

construction entrances—are required under local stormwater pollution prevention plans 

(SWPPP). Post-construction erosion control is managed through permanent vegetation, 

mulch, hydroseeding, and erosion control blankets. 

 

Compliance with the Clean Water Act’s National Pollutant Discharge Elimination System 

(NPDES) is often required for sites disturbing one acre or more. 

 
7.3 Fire Access and Water Supply Systems 

In many viticultural regions, wildfire risk is a significant factor in civil engineering design. 

Local fire codes dictate requirements for fire department access and on-site water 

supply for firefighting. 

 

Access Requirements: 

Fire access roads must comply with International Fire Code (IFC) and local 

amendments: 

• Minimum width: 20–24 feet 

• Vertical clearance: 13’6” minimum 

• Surface load-bearing capacity: 75,000 lbs or greater 

• Inside turning radius: typically 28–30 feet 

 

Dead-end access roads over 150 feet must include turnarounds. Gates must allow for 

emergency vehicle override via Knox Box or RFID. 

 

Water Supply and Fire Protection: 

Fire suppression design includes hydrant layout, standpipe systems, and onsite storage 

tanks. Water sources may include wells, cisterns, or municipal connections, with 

redundancy where required. 

 

Onsite Fire Flow Requirements: 

Flow rates typically range from 1,000 to 2,500 gallons per minute, sustained for 2 hours, 

depending on the square footage and construction type.  

 

In rural areas, this often necessitates: 

• Dedicated Fire Tanks (10,000–50,000 gallons) 

• Pump Houses with Emergency Power 

• Dry Hydrants or Drafting Connections for Tankers 

 

In high-risk zones, fire sprinklers may be required in all buildings, not just those 

designated for assembly or hospitality use. 

 
 

 

 



Conclusion 

Civil engineering design for winery estates is far more than roads and pipes. It is an 

integrated system that supports access, safety, environmental stewardship, and future 

expansion. Properly designed infrastructure protects both the facility and the 

surrounding environment from natural hazards and human impact. The next chapter will 

address the equally critical issue of water and wastewater engineering in winery 

operations. 

 

  



Chapter 9: Regulatory Compliance and Permitting 
 

9.1 Zoning and Agricultural Land Use Regulations 

Wineries are often located in agricultural or rural zones, where land use regulations are 

designed to protect open space, preserve farmland, and control development 

intensity. These zoning ordinances affect everything from building placement and size 

to permitted uses, public access, and signage. 

 

Zoning Classifications and Entitlements: 

Many counties have specific zoning codes that address wineries as either permitted, 

conditionally permitted, or prohibited uses within agricultural zones.  

 

Key factors include: 

• Production Capacity Thresholds: Smaller wineries may be permitted “by right,” 

while larger ones require conditional use permits (CUPs). 

• Hospitality and Events: Tasting rooms, kitchens, and public events often trigger 

additional scrutiny or limitations. 

• Setback Requirements: These may vary depending on proximity to roads, water 

bodies, or adjacent properties. 

• Floor Area Ratio (FAR): Controls overall building density relative to parcel size. 

 

Projects that span multiple parcels or land use categories may require a General Plan 

Amendment, Zoning Map Amendment, or Lot Line Adjustment—each subject to a 

public review process. 

 

Agricultural Protection Laws: 

Regulatory frameworks like California’s Williamson Act or Agricultural Preserve Contracts 

restrict non-agricultural uses on enrolled lands. These may limit development envelopes 

or preclude certain types of visitor-serving uses. Coordinating winery facilities to 

conform to “agricultural accessory use” definitions can simplify compliance. 

 
9.2 Environmental Impact Assessments 

Environmental reviews assess the potential impact of winery development on natural 

resources, cultural heritage, and public infrastructure.  

 

These reviews are mandated by federal, state, and local environmental laws, most 

notably: 

• California Environmental Quality Act (CEQA) 

• National Environmental Policy Act (NEPA) 

• Clean Water Act (CWA) 

• Endangered Species Act (ESA) 

 

CEQA Process: 

In California and similar jurisdictions, the environmental review typically follows this 

sequence: 

• Initial Study (IS): Determines if project may cause significant impact 



• Negative Declaration (ND) or Mitigated Negative Declaration (MND): Issued if 

impacts can be avoided 

• Environmental Impact Report (EIR): Required for projects with unavoidable or 

cumulative impacts 

 

Impact categories analyzed include: 

• Traffic and circulation 

• Noise and light pollution 

• Biological and wetland resources 

• Air and water quality 

• Cultural and historic sites 

• Energy consumption and GHG emissions 

 

Mitigation measures may include habitat preservation, construction noise limits, low-

impact lighting, and stormwater management systems. Public comment periods and 

appeal processes can extend project timelines, so early coordination is essential. 

 
9.3 Fire Code, ADA, and Health Department Reviews 

In addition to land use and environmental approvals, wineries must comply with a 

range of technical regulations governed by building, health, and fire codes. 

 

Fire Code Compliance: 

Wineries in high fire hazard zones must meet stringent construction and access 

standards, including: 

• Ignition-resistant construction materials 

• Sprinkler systems in all habitable and production structures 

• Fire access road geometry and load-bearing capacity 

• Water storage and hydrant placement 

• Fuel modification zones and defensible space 

 

These are enforced by the local fire marshal and may require Fire Protection Plans 

(FPPs) as part of the building permit submittal. 

 

Americans with Disabilities Act (ADA): 

Public access areas—including tasting rooms, restrooms, and patios—must be fully ADA 

compliant. This includes accessible parking, ramps, paths of travel, counter heights, and 

restroom fixtures. Rural terrain and historic building conversions often complicate ADA 

compliance and may require creative solutions or technical infeasibility findings. 

 

Health Department Oversight: 

If the winery includes food service, commercial kitchens, or retail wine sales, it falls 

under the jurisdiction of the county health department.  

 

Typical requirements include: 

• Commercial kitchen hoods and food prep standards 

• Handwashing stations and grease traps 

• Refrigeration and food storage protocols 

• Alcohol Beverage Control (ABC) licensing coordination 



 

Inspections are conducted at key project milestones, and Certificate of Occupancy 

may be contingent upon sign-off from these agencies. 

 
Conclusion 

Navigating the permitting process for a winery development requires strategic 

planning, clear documentation, and interdisciplinary coordination. Regulatory 

compliance is not merely a hurdle—it shapes the size, design, and function of the entire 

project.  

 

With successful permitting in place, attention can then turn to the execution phase, 

where construction management and phasing strategies bring the design to life. That 

will be the focus of the next chapter. 

 

  



Chapter 10: Construction Management and Project Phasing 
 

10.1 Budgeting and Scheduling in a Phased Delivery 

The complexity and scale of winery estates often necessitate a phased approach to 

construction. Phased delivery allows developers to align capital expenditure with 

revenue forecasts, comply with regulatory staging requirements, and accommodate 

operational deadlines—particularly harvest cycles. 

 

Preconstruction Budgeting: 

Accurate cost forecasting begins in the schematic design phase and is refined through 

successive design iterations. Early input from contractors and estimators is critical for 

setting realistic expectations and identifying cost drivers, such as excavation on sloped 

terrain, custom finishes, or specialized HVAC systems. 

 

Budget Categories Typically Include: 

• Sitework and grading 

• Structural and architectural systems 

• Mechanical, electrical, and plumbing (MEP) 

• Process equipment and installation 

• Landscape and vineyard interface 

• Furniture, fixtures, and equipment (FF&E) for tasting areas 

• Contingency (typically 10–15%) 

• Soft costs (permitting, design, legal, insurance) 

 

Scheduling and Seasonality: 

Construction must account for agricultural and climatic cycles. Sitework and concrete 

pours may be delayed during rainy seasons. Harvest periods may restrict access to 

crush pads or require uninterrupted utility service. Scheduling software, such as 

Primavera P6 or MS Project, is used to generate critical path schedules that identify key 

dependencies and long-lead items. 

 
10.2 Quality Control and Value Engineering 

Maintaining quality while controlling costs requires disciplined project management 

and proactive value engineering (VE).  

 

VE does not mean reducing quality; rather, it seeks equivalent performance at lower 

cost through: 

• Material substitutions 

• Modular construction components 

• Standardized detailing to minimize custom fabrication 

• Prefabricated MEP assemblies 

• Design simplification of structural spans and intersections 

 

Construction Mockups and Prototypes: 

Architectural elements like stone cladding, window assemblies, or interior finishes should 

be reviewed through mockups. This ensures aesthetic alignment and allows for 



durability testing. In production areas, equipment mockups validate clearances, utility 

stub locations, and operational ergonomics. 

 

Submittals and Inspections: 

Material submittals, shop drawings, and commissioning plans must be reviewed by 

design professionals and approved before procurement. Third-party inspections may be 

required for fireproofing, waterproofing, structural connections, and code compliance. 

 
10.3 Coordination of Trades and Design Disciplines 

Wineries are inherently multidisciplinary projects that require tight coordination across 

architectural, structural, civil, MEP, and process design. The use of Building Information 

Modeling (BIM) is standard practice for clash detection and sequencing. 

 

Design-Build Team Organization: 

The design-build model places a single entity in charge of both design and 

construction. This structure simplifies communication and accountability, but requires 

strong project leadership to ensure discipline-specific needs are addressed in a timely 

manner. 

 

Construction Sequencing Strategies: 

• Phase 1: Infrastructure and sitework—utilities, roads, and grading 

• Phase 2: Core and shell—barrel storage, fermentation hall, and utility rooms 

• Phase 3: Fit-out and equipment—MEP, process piping, and equipment install 

• Phase 4: Hospitality areas and public interface 

• Phase 5: Landscaping, signage, and commissioning 

 

Critical path elements include delivery of custom winemaking equipment, utility 

approvals, and final health/fire inspections. Final completion often culminates in a 

Certificate of Occupancy and licensing verification by Alcohol Beverage Control 

(ABC). 

 

Punch List and Closeout: 

A detailed punch list ensures all systems and finishes meet contractual standards. 

Closeout documentation includes as-built drawings, warranties, O&M manuals, and 

staff training sessions for mechanical systems. 

 
Conclusion 

Construction management for winery estates must adapt to the dual identity of the 

project—as a food-grade production facility and a high-end architectural destination.  

 

By integrating budgeting, scheduling, and multidisciplinary coordination within a 

phased delivery framework, design-build teams can bring these complex facilities 

online efficiently and with minimal risk.  

 

The following chapter will explore how historic preservation and adaptive reuse 

principles can be employed when wineries are developed from legacy structures. 

  



Chapter 11: Historic Preservation and Adaptive Reuse 
 

11.1 Converting Legacy Structures into Wineries 

Historic agricultural buildings—such as barns, mills, warehouses, and carriage houses—

are often ideal candidates for adaptive reuse in winery developments. These structures 

offer authenticity, architectural character, and a tangible link to the land's agrarian 

past.  

 

Adaptive reuse not only preserves cultural heritage but also aligns with sustainable 

construction practices by reducing the demand for new materials and construction 

energy. 

 

Assessment and Feasibility: 

The first step in adaptive reuse is a thorough condition assessment. Structural integrity, 

seismic resilience, fire resistance, and code compliance must be evaluated by qualified 

engineers and preservation architects.  

 

Key areas of focus include: 

• Foundation stability and moisture intrusion 

• Roof structure and drainage systems 

• Load-bearing wall capacity and deterioration 

• Existing mechanical and electrical systems 

• Code implications for occupancy and use classification 

 

Preservation Planning: 

Projects must balance modern requirements with preservation goals. This often involves 

negotiation with local historic review boards or heritage commissions. A Preservation 

Plan outlines the treatment approach—preservation, restoration, rehabilitation, or 

reconstruction—based on the building’s historical significance and intended use. 

 
11.2 Structural Upgrades and Seismic Considerations 

Older structures, particularly those built before the adoption of modern codes, require 

substantial upgrades to meet current safety and performance standards. This is 

particularly critical in seismic regions such as California, Oregon, and Washington. 

 

Seismic Retrofitting Techniques: 

• Shear Wall Insertion: Using wood, CMU, or concrete to increase lateral load 

resistance 

• Moment Frames: Steel or heavy timber frames integrated within existing bays 

• Foundation Underpinning: Adding piers or grade beams to stabilize and distribute 

seismic loads 

• Roof and Floor Diaphragms: Reinforcing or replacing to enable effective load 

transfer 

• Tie-Down Systems: Anchoring walls and parapets to reduce risk of collapse 

 

Structural Analysis: 

Nonlinear time-history analyses or equivalent static methods are often required to 



model seismic behavior under retrofit conditions. Designs must consider both vertical 

and lateral load paths, and materials must be compatible with the existing structure to 

avoid premature failure. 

 

Code compliance is typically governed by the International Existing Building Code 

(IEBC), which offers flexibility for historic buildings through various compliance pathways 

(Prescriptive, Work Area, or Performance). 

 
11.3 Case Studies in Preservation 

 

Case Study 1: The Barn Winery Conversion (Sonoma County, CA) 

A 19th-century hay barn was converted into a small-lot production winery with tasting 

space.  

 

Key features included: 

• Salvaged redwood siding and heavy timber framing 

• Introduction of a steel moment frame discretely concealed within walls 

• Integration of radiant floor heating under existing slab 

• Glazed barn doors that preserved the original façade profile 

• Use of daylighting and natural ventilation to reduce HVAC loads 

 

Case Study 2: The Mill Estate Winery (Willamette Valley, OR) 

A former grist mill dating to the 1860s was transformed into a gravity-flow winery: 

• Minimal excavation preserved archaeological integrity 

• Barrel cellar installed below-grade using underpinning and micropiles 

• Hydropower turbine repurposed as a visitor attraction 

• Interpretive signage and museum-quality displays enhanced public education 

 

These case studies demonstrate that adaptive reuse can create meaningful, 

marketable winery destinations that honor both history and innovation. 

 
Conclusion 

Historic preservation and adaptive reuse offer compelling paths for winery 

development, merging authenticity, sustainability, and architectural richness. When 

executed with technical rigor and sensitivity, these projects add enduring value—both 

cultural and commercial. The final chapter will bring together these themes through 

comparative case studies and lessons learned from real-world winery design-build 

projects. 

 

  



Chapter 12: Case Studies in Winery Facility Design-Build 
 

12.1 Comparative Analysis of Regional Examples 

Examining completed winery projects across various regions provides valuable insight 

into the diversity of design-build responses to climate, culture, and production scale. 

While each project is shaped by its locale, client priorities, and regulatory environment, 

recurring themes emerge in terms of sustainability, integration, and visitor experience. 

 

Napa Valley, California – High-End Hospitality Focus: 

Wineries in Napa often emphasize luxury, hospitality, and brand storytelling. A 

prominent example is the Cade Estate Winery, which combines LEED Gold-certified 

construction with sweeping views and a minimalist material palette.  

 

The project features: 

• Extensive use of recycled steel and reclaimed wood 

• Subterranean barrel caves that moderate temperature naturally 

• High-performance glazing and green roofs 

• A seamless guest arrival sequence from parking to tasting lounge 

 

The design-build process allowed tight coordination between the architecture firm and 

construction team to resolve complex geometries and custom detailing, preserving 

both aesthetic and performance goals. 

 

Finger Lakes, New York – Climate Resilience Emphasis: 

In the colder, wetter climates of upstate New York, Ravines Wine Cellars demonstrates 

how building design must adapt to freeze-thaw cycles, heavy snowfall, and stormwater 

management.  

 

The facility: 

• Uses deep overhangs and gabled roofs for snow shedding 

• Integrates geothermal heating and radiant floor systems 

• Employs gravel access roads with bioswales for drainage 

• Features robust vapor barriers and continuous insulation for humidity control 

 

Here, value engineering during preconstruction preserved architectural intent while 

adapting to stringent environmental regulations and limited rural infrastructure. 

 
12.2 Lessons Learned and Best Practices 

From cross-project analysis, the following best practices emerge: 

 

1. Early Stakeholder Engagement: 

Engaging winemakers, regulatory agencies, and community stakeholders early in 

schematic design improves long-term approvals and functional outcomes. Facility 

adjacencies are best resolved when operators are active participants in design 

charrettes. 

 



2. Thermal Zoning and Equipment Access: 

Clear separation between production and hospitality zones—each with distinct 

environmental needs—streamlines HVAC design and operational efficiency. 

Incorporating overhead clearance, catwalks, and removable panels facilitates 

maintenance and future equipment upgrades. 

 

3. Stormwater and Erosion Planning Must Be Proactive: 

Failure to address stormwater early can delay construction and violate environmental 

permits. Projects that integrate Low Impact Development (LID) techniques—such as 

permeable paving and bioswales—experience smoother approval processes. 

 

4. Modular and Prefabricated Components Save Time: 

Prefabricated fermentation tank bases, MEP chases, and SIPs panels reduce weather-

related delays and allow for parallel construction activities. These strategies are 

especially useful when building in remote areas with limited access. 

 

5. Hospitality Spaces Must Balance Design and Durability: 

Public-facing areas must reflect brand identity while withstanding heavy use. Durable 

finishes, acoustic treatment, and flexible furniture layouts enhance guest experience 

and reduce long-term maintenance. 

 
12.3 Innovations in Winery Design 

Innovation in winery facilities continues to evolve in response to environmental 

challenges, technological advancements, and changing consumer expectations. 

 

Digital Integration and IoT: 

Smart sensors now monitor fermentation tanks, humidity levels, and HVAC zones in real-

time. Building management systems (BMS) link environmental controls with production 

data, enabling precise adjustments to temperature, lighting, and airflow. 

 

Hybrid Natural-Mechanical Ventilation: 

Wineries are incorporating climate-responsive ventilation schemes that combine 

operable louvers, thermal chimneys, and automated dampers with mechanical 

systems—reducing energy consumption while improving air quality. 

 

Carbon-Neutral Design Goals: 

Some wineries are targeting full carbon neutrality through renewable energy, offset 

programs, and embodied carbon analysis of construction materials. These goals align 

with broader sustainability certifications like LEED, Living Building Challenge, and local 

carbon standards. 

 

Architectural Branding: 

The emergence of “signature architecture” in wineries—by high-profile architects—

demonstrates the commercial power of design. Whether minimalist, rustic, or avant-

garde, the architecture becomes a storytelling medium that extends the product's 

reach. 

 
 



Conclusion 

The case studies and innovations highlighted in this chapter reveal that winery design-

build projects are as diverse as the wines they produce. While anchored in tradition, 

these facilities are increasingly defined by forward-looking strategies in sustainability, 

automation, and design integration.  

 

This concludes the instructional portion of the course. The remaining sections will include 

the bibliography, cover page, quiz, and course evaluation to complete the CEU 

requirements. 
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