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The Need for a New Infrastructure Planning Framework

Artificial Intelligence is driving one of the largest infrastructure expansions in modern history. The
demand for computational capacity is accelerating at a pace rarely seen in traditional infrastructure
sectors. To support this growth, developers, utilities, municipalities, and communities are being
asked to make decisions involving billions of dollars of investment and decades of infrastructure
commitments. At the center of this expansion are data centers—facilities that consume significant
amounts of power, water, land, and supporting municipal resources. While the technological
capabilities of these facilities continue to advance rapidly, the planning processes used to evaluate
them have changed comparatively little. As a result, a growing disconnect is emerging between
infrastructure demand, infrastructure planning, and ecosystem readiness. The Technology
Infrastructure Impact Model (TIIM) was developed to help address this gap.

Observation 1 — Infrastructure Decisions Occur Behind the Pace
of Demand

The demand for Al infrastructure is growing faster than the timelines required to plan, permit,
design, construct, and energize new facilities. By the time a facility is commissioned, the
assumptions that originally informed its design may no longer reflect current demand realities.

Observation 2 — Ecosystems Are Evaluated as Components
Rather Than Systems

Traditional project evaluations often examine water, power, land, transportation, municipal
infrastructure, and permitting requirements independently. TIIM approaches infrastructure
development through a systems lens.
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Al INFRASTRUCTURE: INPUTS AND OUTPUTS

Every input creates an output. Every choice creates tradeoffs.
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Figure 1. Al Infrastructure Inputs and Outputs — Every input creates an output. Every choice creates
tradeoffs.
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Observation 3 — Technologies Are Often Evaluated Too Late

Significant innovation is occurring across the infrastructure landscape, including direct-to-chip
cooling, immersion cooling, municipal wastewater reuse, district energy systems, MOFs, COFs,
thermal storage, modular power generation, and ZLD systems. TIIM seeks to move technology
evaluation earlier in the planning process.

Al INFRASTRUCTURE: INPUTS AND OUTPUTS

Infrastructure decisions are system decisions.

Did we eliminate the impact...or simply move it elsewhere in the system?
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Figure 2. System Tradeoff Analysis — Did we eliminate the impact or simply move it elsewhere in
the system?

Observation 4 — Outputs Are Frequently Viewed as Waste Rather
Than Resources

Infrastructure planning often focuses on what facilities consume. Less attention is given to what
facilities produce. TIIM proposes that every output should first be evaluated as a potential resource
before being classified as waste.

Observation 5 — Stakeholders Often Lack a Common Language

Developers, utilities, municipalities, regulators, technology providers, researchers, and communities
frequently evaluate projects through different lenses. TIIM provides a common structure through
which those perspectives can be evaluated, compared, and integrated.
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Observation 6 — The Greatest Opportunities Exist at the Interfaces

Many infrastructure challenges emerge at the interfaces between systems: data centers and
wastewater systems, district energy networks, utilities, communities, and resource planning. These
intersections often reveal opportunities invisible when systems are evaluated independently.

The TIIM Proposition

Infrastructure should not be evaluated solely by what it consumes, but by how it interacts with the

ecosystem in which it operates.

TIIM

UNDERSTAND IMPACT.
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Although this framework emerged through discussions surrounding Al infrastructure and data
centers, the underlying methodology is not limited to any single industry. The same principles may
ultimately apply to manufacturing facilities, industrial parks, water infrastructure projects, energy
infrastructure projects, hydrogen hubs, district energy systems, and smart city developments. Data
centers are not the destination of the framework. They are the starting point.
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Chapter 2 — The TIIM Framework

From Impact Assessment to Ecosystem Architecture

Traditional infrastructure evaluations often focus on determining whether a project can be built.
TIIM seeks to answer a different question:

How should infrastructure be designed, integrated, and operated within the ecosystem in which it
will exist?

The framework provides a structured methodology that allows developers, utilities, municipalities,
researchers, technology providers, and communities to evaluate infrastructure decisions through a
cOmMmon process.

Rather than beginning with technology selection, TIIM begins with ecosystem understanding.

Rather than ending with project approval, TIIM continues through implementation, learning, and
continuous improvement.

The framework consists of five interconnected components:

Part | — Ecosystem Understanding

Part Il — Data Center Integration Assessment

Part Ill — Technology Selection & Ecosystem Integration
Part IV — Knowledge Capture & Ecosystem Intelligence
Part V — Decision Support Tools & Resources

Together, these components form a continuous cycle of assessment, integration, learning, and
improvement.

PART | - ECOSYSTEM UNDERSTANDING
Core Question
What ecosystem exists today?

Before a data center is introduced into a region, it is necessary to understand the resource
ecosystem that already exists.

Every community operates within a uniqgue combination of:

* Water resources

» Power resources

* Municipal infrastructure

» Environmental conditions
» Economic conditions

» Community priorities

» Growth projections
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These conditions create both opportunities and constraints that influence infrastructure decisions.

Without establishing this baseline, projects risk being evaluated in isolation from the systems they
will ultimately affect.

Key Questions

Existing Conditions

» What resource ecosystem exists today?

» What resources are abundant?

» What resources are constrained?

Future Conditions

» What is the projected 1-5 year demand on ecosystem resources without the proposed facility?
» How is population growth expected to influence resource demand?
» What infrastructure expansions are already planned?
Stakeholder Conditions

» Who are the primary stakeholders?

» What priorities exist among stakeholder groups?
» What community concerns already exist?
Assessment Categories

Water

Evaluation may include:

» Water source availability

» Surface water resources

» Groundwater resources

* Reclaimed water resources

« Existing water treatment capacity

« Existing wastewater treatment capacity

« Drought vulnerability

Power

Evaluation may include:

« Existing generation capacity

 Transmission capacity

« Distribution capacity

* Reliability metrics

» Renewable energy availability

* Future load forecasts

Municipal Infrastructure

Evaluation may include:

» Water infrastructure
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» Wastewater infrastructure

* Transportation infrastructure

» Emergency services

* Land-use planning

« Utility expansion plans

Community Context

Evaluation may include:

* Population growth

» Economic development goals

» Workforce availability

« Environmental priorities

 Existing community concerns

Outputs

» Water baseline

» Power baseline

» Municipal Infrastructure baseline

« Stakeholder landscape

 Opportunity map

Purpose

Part | establishes the conditions against which all future decisions are evaluated.
PART Il — DATA CENTER INTEGRATION ASSESSMENT
Core Question

How does the proposed facility interact with the ecosystem?
Key Questions

* How large is the proposed facility?

» What is the projected IT load?

» What cooling technologies are proposed?
» What growth is anticipated?

Resource Requirements

* How much water is required?

« How much power is required?

» What municipal services are required?
Resource Outputs

* How much waste heat is generated?

* How much wastewater is generated?

* How much blowdown is generated?

Outputs

Resource Demand
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« Additional power demand

* Additional water demand

« Additional municipal infrastructure demand
Resource Outputs

» Waste heat generation

» Wastewater generation

« Cooling tower blowdown

« Air emissions (where applicable)
Ecosystem Impacts

» Water impacts

» Power impacts

« Infrastructure impacts

« Community impacts

Purpose

Part Il establishes the interaction between the facility and the ecosystem.
PART Ill - TECHNOLOGY SELECTION & ECOSYSTEM INTEGRATION
Core Question

What technologies best fit the ecosystem?
Inputs

From Part |

» Water constraints

» Power constraints

» Municipal constraints

« Stakeholder priorities

From Part Il

» Resource demand

* Resource outputs

» Growth forecasts

Technology Categories

Primary Cooling Systems

« Air cooling

« Direct-to-chip cooling

» Immersion cooling

* Hybrid architectures

Secondary Cooling Systems

« Cooling towers
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* Dry coolers
* Adiabatic systems
« District cooling systems

Water Optimization Technologies

* Municipal wastewater reuse

* Blowdown recovery

» Water recycling

* MOF technologies

» COF technologies

» Atmospheric water harvesting
« Zero Liquid Discharge (ZLD)

Energy Optimization Technologies

» Modular power generation

 Microgrids

e Thermal storage

» Renewable integration

* Heat recovery systems

Community Integration Technologies

« District heating

* District energy systems

« Agricultural integration

* Industrial process heat

» Greenhouse applications

» Aquaculture applications

Circularity Framework

Outputs should be evaluated first as potential resources before being classified as waste.
Outputs

« Cooling Strategy

* Water Strategy

e Energy Strategy

e Circularity Strategy

 Ecosystem Opportunity Map

Purpose

Part 11l transforms ecosystem understanding into technology selection and integration opportunities.
PART IV — KNOWLEDGE CAPTURE & ECOSYSTEM INTELLIGENCE
Core Question

What did we learn?

Inputs

Operational Performance
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* Actual power use

* Actual water use

« Actual wastewater generation
« Actual heat generation

Technology Performance

« Cooling performance

» Water recovery performance

* Energy performance

Ecosystem Performance

e Community outcomes

* Infrastructure outcomes

» Environmental outcomes

Outputs

* Lessons Learned Repository
 Technology Performance Database
» Ecosystem Case Studies

* Best Practices Library

» Framework Enhancements
Purpose

Part IV converts individual project experiences into collective ecosystem intelligence.
PART V — DECISION SUPPORT TOOLS & RESOURCES
Core Question

How do stakeholders apply the framework?
Assessment Tools

» Water demand estimators

» Power demand estimators

» Waste heat estimators

» Wastewater estimators

» Resource capacity screening tools
Technology Evaluation Tools

* Cooling technology comparisons

» Water technology comparisons

« Circularity evaluations

« District energy evaluations

» Wastewater reuse evaluations

Knowledge Resources

» Research papers
» White papers
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* Case studies
» Regulatory references
 Technology briefs

Technology Sandbox
Users provide:

* Region

» Water availability

» Power availability

» Wastewater availability
* Facility size

» Growth forecasts

The system evaluates:

 Technology options

* Resource tradeoffs

« Circularity opportunities

» Ecosystem impacts

Outputs

 Recommended Technologies

 Scenario Comparisons

» Resource Impact Projections

* Opportunity Identification

Purpose

Part V transforms TIIM from a methodology into a practical decision-support platform.
Chapter Summary

The TIIM Framework provides a structured methodology for:
1. Understanding ecosystems

2. Assessing infrastructure impacts

3. Selecting technologies

4. Capturing knowledge

5. Supporting future decisions

Together, these five components create a repeatable process for evaluating infrastructure not as an
isolated facility, but as a participant within a larger ecosystem.
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Understanding Infrastructure as a Connected System

One of the central observations that led to the development of TIIM is that infrastructure discussions
often focus on individual resources rather than the flows connecting those resources. Resource
Flow Architecture provides a structured way to visualize these relationships. Rather than evaluating
isolated assets, TIIM evaluates how resources move through interconnected systems.

Al INFRASTRUCTURE: INPUTS AND OUTPUTS

Every input creates an output. Every choice creates tradeoffs.
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Figure 3.1 — Al Infrastructure: Inputs and Outputs. Every input creates an output. Every choice
creates tradeoffs.

Why Resource Flow Architecture Matters

Traditional impact assessments often answer how much water, power, or wastewater is associated
with a facility. Resource Flow Architecture seeks to answer where resources originate, how they
move through systems, how they change form, and whether outputs can become useful inputs
elsewhere.
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Al INFRASTRUCTURE: INPUTS AND OUTPUTS

Infrastructure decisions are system decisions.

Did we eliminate the impac imply move it elsewhere in the system?
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Figure 3.2 — System Tradeoff Analysis. Did we eliminate the impact or simply move it elsewhere in
the system?
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Water Resource Flow Architecture

Water is one of the most discussed resources associated with data center infrastructure.
Understanding water flows is essential for identifying both risks and opportunities. Typical Water
Flow: Source Water - Treatment — Facility Distribution - Primary Cooling System - Secondary
Cooling System - Blowdown / Wastewater — Discharge Expanded Water Flow: Source Water -
Treatment - Primary Cooling — Secondary Cooling — Blowdown - Recovery Technologies -
Reuse Opportunities - Discharge (if necessary)

Municipal Wastewater as a Resource

Traditional thinking often treats municipal wastewater as a waste stream requiring treatment and
disposal. TIIM evaluates municipal wastewater as a potential cooling water source,
drought-resistant water source, and regional infrastructure opportunity.

Cooling System Resource Flow Architecture

Cooling systems are often discussed only in terms of efficiency. TIIM evaluates cooling systems as
ecosystem participants because cooling technology choices affect water demand, power demand,
waste heat availability, and infrastructure requirements.
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Figure 3.3 — Al Data Center Cooling System: End-to-End. Primary loop, secondary loop, heat
exchanger isolation, facility water loop, heat rejection, water treatment, and blowdown
management.
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Waste Heat Resource Flow Architecture

Nearly all electrical energy consumed by computing equipment ultimately becomes heat.
Historically, this heat has been treated as a waste product. TIIM evaluates waste heat as a potential
resource.

1. TRADITIONAL AIR-COOLED DATA CENTER —> Heat is diluted before it can be used (often requires heat pump)

Servers =
D b Cooling Tower Heat Rejected to
Server Hot Air Leaving CRAH / CRAC Chilled Water o) Atmosphere
Chip Servers {Computer Room Loop .
~70-90°C ~35-45°C Air Handler] ~15-20°C L
= b
""""""""""""""""" \ o~
Heat quality degraded ! T .
yudlityicey L. _ Low-grade heat __ : Heat Pump District Heating

~25-45°C

(Ternperature Lift ’—’ Supply
Needed) ~60-90°C

2. DIRECT LIQUID COOLING WITH EARLY HEAT CAPTURE — High-quality heat captured before dilution (may bypass or minimize heat pump)

Option A:
Chip Direct to Low/Medium District Heating / District

Servers with ~70-90°C p ¥ Heat Capture p \ Temperature Networks Energy Network
Direct-to-Chip ~\§ Warm Water {Plate Heat Exchanger High-Quality Heat (4th/Sth Gen DH) ~50-70°C
Liquid Cooling Loop (Primary) or Direct Loop) for Use

Coalant | ~50-70°C ~50-70°C+ Option B:

Return y Small Temperature Lift o P

~40-50°C J (if needed) small Heat Pump District Heating
> (optional) Supply

‘ ~60-90°C

{ v ngher heat quality . Lower or no heat pump requirement ngher efﬁcnencv Lower operating cost Lower emissions ]
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TIIM IMPLICATION: Site selection should evaluate not only power, water, and fiber, but also THERMAL OFF-TAKE OPPORTUNITIES. “s
The right thermal partner turns data center waste heat from a liability into a regional infrastructure asset. = i) =

Figure 3.4 — Direct Liquid Cooling and Thermal Off-Take Opportunities. Capturing heat before
dilution creates opportunities for district heating, industrial use, agriculture, wastewater treatment,
aguaculture, and thermal energy networks.

Circularity and Resource Recovery

One of the foundational concepts within TIIM is that outputs should be evaluated first as potential
resources before being classified as waste. Potential examples include: ¢ District heating ¢ Industrial
process heat ¢ Agricultural applications « Thermal storage « Water reuse ¢ Cooling water makeup ¢
Infrastructure enhancement
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Figure 3.5 — MOF-303 Water Harvesting from Data Center Exhaust. Example of converting waste
heat and cooling tower exhaust into a recovered water resource.
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Resource Flow Architecture Within TIIM

Part | identifies ecosystem resources and constraints. Part Il identifies facility demands and outputs.
Part Ill evaluates technologies capable of improving resource flows. Part IV captures lessons
learned. Part V provides tools for evaluating future opportunities. Resource Flow Architecture
serves as the connective tissue between these components.

Chapter Summary

Resource Flow Architecture provides a structured method for understanding where resources
originate, how resources move through systems, how resources are transformed, what outputs are
produced, and where opportunities for resource recovery exist. By understanding these flows,
stakeholders can move beyond simple impact assessments and begin identifying opportunities for
ecosystem optimization, circularity, and long-term infrastructure resilience.
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Chapter 4 — Ecosystem Constraint Assessment

Chapter 4 — Ecosystem Constraint Assessment
From Resource Availability to Ecosystem Readiness

Part | of the TIIM Framework established the importance of understanding an ecosystem before
evaluating a proposed infrastructure project.

Part Il evaluated how a proposed facility interacts with that ecosystem.

Part 1l identified technologies capable of improving resource utilization, reducing impacts, and
creating opportunities for circularity.

The next question becomes:

How do we determine whether an ecosystem is prepared to support a proposed infrastructure
development?

This is the purpose of Ecosystem Constraint Assessment.

Traditional infrastructure planning often focuses on resource availability alone.
Questions such as:

Is water available?

Is power available?

Is land available?

are important, but they do not provide a complete understanding of ecosystem readiness.

Resources may technically exist while still presenting operational, economic, environmental, or
community constraints.

TIIM introduces a structured methodology for evaluating ecosystem readiness through a
multi-dimensional assessment process.

The Ecosystem Readiness Concept

Not all constraints are physical constraints.
Some constraints may be:

Resource Constraints

Examples:

Water scarcity

Power shortages

Wastewater treatment limitations
Transmission limitations

Infrastructure Constraints

Examples:

Aging infrastructure
Limited utility expansion capability
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Transportation limitations
Land-use restrictions
Environmental Constraints

Examples:

Drought conditions

Air quality concerns
Ecosystem sensitivity
Watershed limitations
Community Constraints

Examples:

Public opposition
Workforce shortages
Housing limitations
Economic concerns
Technology Constraints

Examples:

Technology maturity
Capital cost barriers
Supply chain limitations
Operational complexity

The purpose of Ecosystem Constraint Assessment is to identify these constraints before they
become project risks.

The Ecosystem Readiness Framework

TIIM evaluates readiness across five primary dimensions:
1. Water Readiness

2. Power Readiness

3. Municipal Infrastructure Readiness

4. Community Readiness
5. Circularity Readiness

Together these categories provide a more complete understanding of ecosystem capacity.

Figure 4.1 — TIIM Ecosystem Readiness Framework

Water Readiness

Power Readiness

Municipal Infrastructure Readiness

Community Readiness

Circularity Readiness

i

Ecosystem Readiness Index (ERI)
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Water Readiness Assessment
Core Question

Can the ecosystem sustainably support projected water demand?
Evaluation Areas:

Resource Availability
Surface water availability
Groundwater availability
Reclaimed water availability
Reliability

Drought vulnerability
Seasonal variability
Regulatory restrictions
Infrastructure

Treatment capacity
Distribution capacity
Wastewater treatment capacity
Example Scoring

1 = Severe Constraint

2 = Significant Constraint
3 = Moderate Constraint
4 = Favorable

5 = Highly Favorable

Power Readiness Assessment
Core Question

Can the ecosystem sustainably support projected electrical demand?
Evaluation Areas:

Generation Capacity
Existing generation
Planned generation
Reserve margins
Transmission Capacity
Existing transmission
Expansion requirements
Distribution Capacity
Local utility capability
Substation availability
Reliability

Outage history

Grid stability

Municipal Infrastructure Readiness
Core Question

Can existing municipal systems support projected growth?
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Evaluation Areas:

Water Infrastructure
Wastewater Infrastructure
Transportation Infrastructure
Emergency Services

Land Use Planning

Utility Expansion Plans

Infrastructure readiness often becomes one of the most overlooked components of ecosystem
planning.

Community Readiness Assessment
Core Question

Is the community prepared to support and benefit from the proposed development?
Evaluation Areas:

Workforce Availability

Housing Availability

Economic Development Alignment

Community Priorities

Environmental Concerns

Stakeholder Engagement

Community readiness should not be viewed as a permitting exercise.

It should be viewed as an opportunity to improve project outcomes through stakeholder
participation.

Circularity Readiness Assessment
Core Question

Does the ecosystem contain opportunities for resource recovery and beneficial reuse?
This category is one of the most unique elements of TIIM.
Traditional assessments focus primarily on constraints.
TIIM evaluates opportunities as well.

Waste Heat Opportunities

Potential users:

District heating systems

Industrial facilities

Agricultural operations

Municipal facilities

Water Reuse Opportunities

Potential users:

Cooling systems
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Industrial processes
Municipal reuse programs
Resource Recovery Opportunities

Potential examples:

Mineral recovery

Thermal storage
Aquaculture

Greenhouse agriculture
Ecosystem Readiness Index

The outputs from the assessment categories are combined into an Ecosystem Readiness Index
(ERI).

Figure 4.2 — Ecosystem Readiness Index (ERI)

Category Score

Water Readiness

Power Readiness

Infrastructure Readiness

Community Readiness

aldlwja|d

Circularity Readiness
ERI 84%

Example:

Category Score

Water Readiness 4

Power Readiness 5
Infrastructure Readiness 3
Community Readiness 4
Circularity Readiness 5
Total Score =21/25

ERI =84%

Example Interpretation
80-100%

Highly Ready

Infrastructure development can proceed with relatively low ecosystem risk.
60—-79%

Moderately Ready

Development may proceed, but targeted mitigation strategies should be evaluated.

© 2026 TIIM Consulting / TIIM Initiative. All Rights Reserved.



40-59%

Constrained

Significant ecosystem limitations exist.

Technology selection and resource optimization become increasingly important.
Below 40%

High Risk

Major ecosystem constraints should be addressed before development proceeds.
Constraint Mapping

A major objective of TIIM is not simply identifying constraints.
It is identifying where constraints and opportunities intersect.
For example:

Water Constraint

!

Municipal Wastewater Availability

!

Advanced Treatment

!

Cooling Water Makeup

!

Reduced Freshwater Demand

Waste Heat Constraint

!

District Energy Opportunity

!

Heat Recovery

!

Community Benefit
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Constraint mapping helps transform ecosystem challenges into innovation opportunities.

Figure 4.3 — Constraint-to-Opportunity Mapping

Constraint Opportunity Outcome

Water Constraint Municipal Wastewater Reuse | Reduced Freshwater Demand

Waste Heat Constraint | District Energy Opportunity Community Benefit

Risk Mitigation Through Technology

One of the outputs of Ecosystem Constraint Assessment is identifying where technologies may
reduce ecosystem risk.

Examples include:

Water Constraints

Potential Technologies:

MOF systems

COF systems

Water reuse

Blowdown recovery

ZLD

Power Constraints

Potential Technologies:

Thermal storage

Modular generation

Microgrids

Renewable integration
Community Constraints

Potential Approaches:

District energy

Community partnerships
Infrastructure sharing

Ecosystem Readiness Within TIIM
Part | establishes ecosystem conditions.
Part Il establishes project demands.
Part Ill identifies technologies.

Part IV evaluates whether the ecosystem is prepared to support the proposed development.

Part V provides tools for evaluating alternatives.

Figure 4.4 — Technology Mitigation Matrix
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Constraint

Potential Technologies

Water MOF, COF, Water Reuse, Blowdown Recovery, ZLD
Power Thermal Storage, Modular Generation, Microgrids, Renewable Integrat
Community District Energy, Community Partnerships, Infrastructure Sharing

The Ecosystem Readiness Assessment becomes the bridge between ecosystem understanding
and strategic decision-making.

Figure 4.5 — TIIM Decision Flow

Chapter Summary

Part |

!
Part Il

!
Part Il

!
Part IV

!
PartV

Ecosystem Constraint Assessment provides a structured methodology for evaluating:

Water readiness
Power readiness

Municipal infrastructure readiness

Community readiness
Circularity readiness

The purpose is not merely to identify risks.

The purpose is to identify opportunities for technology integration, resource recovery, ecosystem
optimization, and long-term infrastructure resilience.

By evaluating readiness before development occurs, stakeholders can make more informed
decisions and better align infrastructure investments with ecosystem realities.

© 2026 TIIM Consulting / TIIM Initiative. All Rights Reserved.

on



TIIM White Paper v1.0
Chapter 5 — The Technology Sandbox

Moving From Assessment to Decision Support

The first four chapters of the TIIM Framework establish a structured methodology for understanding
ecosystems, evaluating infrastructure impacts, selecting technologies, and capturing lessons
learned.

The next challenge is implementation.

Stakeholders often face a common problem:

A significant amount of information is available, but relatively few tools exist to help evaluate how
technologies, ecosystem conditions, and infrastructure requirements interact within a specific

region.

As a result, technology selection often occurs through fragmented studies, isolated vendor
evaluations, or narrow project-specific analyses.

The Technology Sandbox was conceived as the practical implementation layer of TIIM.
Its purpose is to provide a structured environment where stakeholders can evaluate scenarios, test

assumptions, compare technologies, and explore ecosystem opportunities before major
infrastructure decisions are made.

Why a Technology Sandbox?

Traditional infrastructure planning frequently relies on a linear process:

Project Proposal — Technology Selection — Design — Construction — Operation
This approach often assumes that the selected technology is appropriate for the ecosystem.
The Technology Sandbox reverses this process.

Instead of asking: What technology should we use?

The Sandbox asks:

Given this ecosystem, which technologies create the best outcomes?

This distinction is fundamental to the TIIM methodology.

Core Purpose

The Technology Sandbox serves five primary functions:

1. Ecosystem Assessment

2. Scenario Modeling

3. Technology Screening

4. Tradeoff Analysis
5. Opportunity Identification
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The Sandbox Concept

The Technology Sandbox is envisioned as an interactive decision-support environment.
Users provide ecosystem information.

The system evaluates relationships between resources, infrastructure, technologies, stakeholders,
and opportunities.

The result is not a single answer.

The result is a structured set of options, tradeoffs, risks, and opportunities.

Figure 5.1 — Technology Sandbox Architecture

Ecosystem Inputs

+

Facility Inputs

i

Sandbox Engine

i

Recommendations

Sandbox Inputs

Regional Characteristics, Water Characteristics, Power Characteristics, Municipal Characteristics,
Community Characteristics.

Facility Inputs

Facility size, site footprint, IT load, rack density, growth projections, cooling architecture, water
requirements, thermal requirements, water demand, power demand, wastewater generation, and
waste heat generation.

Technology Library Integration

Cooling Technologies, Water Technologies, Energy Technologies, and Circularity Technologies.

Figure 5.2 — Technology Library Structure

Cooling | Water | Energy | Circularity

Scenario Modeling

Current State — Alternative Futures — Outcomes. The purpose is not prediction. The purpose is
resilience testing.

Figure 5.3 — Scenario Modeling Framework

Current State

!

Alternative Futures
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!

Outcomes

Tradeoff Analysis Engine

Many technologies solve one problem while creating another.

Figure 5.4 — Tradeoff Analysis Engine

Water | ~ | Power | « | Cost | « | Community | « | Environment

Circularity Opportunity Engine

Evaluating outputs as potential resources.

Figure 5.5 — Circularity Opportunity Engine

Outputs

!

Resource Recovery

!

Community Benefit

Technology Recommendations

Recommended Technologies, Alternative Technologies, Ecosystem Risks, Ecosystem
Opportunities, Circularity Opportunities, Community Integration Opportunities.

Ecosystem Architecture Output

Resource flows, Technology selections, Circularity opportunities, Community opportunities,
Infrastructure requirements.

Figure 5.6 — Ecosystem Architecture Output

Resource Flows

Technology Selections

Circularity Opportunities

Community Opportunities

Infrastructure Requirements

Future Evolution

The Technology Sandbox is envisioned as a continuously evolving platform. Every completed
project improves the quality of future assessments.

Technology Sandbox Within TIIM

Part | establishes ecosystem conditions. Part Il establishes facility demands. Part Il identifies
technologies. Part IV captures lessons learned. The Technology Sandbox integrates all of these
components into a practical decision-support environment.
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Chapter Summary

The Technology Sandbox transforms TIIM from a methodology into a practical platform.
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Chapter 6 — The Technology Library

From Technology Awareness to Technology Selection

The previous chapters established a structured methodology for understanding ecosystems,
assessing infrastructure impacts, evaluating ecosystem readiness, and exploring alternative futures
through the Technology Sandbox.

A critical challenge remains:

How do stakeholders evaluate the rapidly expanding landscape of infrastructure technologies in a
structured, repeatable, and ecosystem-oriented manner?

The Technology Library was developed to address this challenge.
The purpose of the Technology Library is not to promote specific technologies.

Its purpose is to provide a structured framework for understanding how technologies interact with
ecosystem conditions, resource constraints, infrastructure requirements, and stakeholder priorities.

The Technology Library serves as the knowledge foundation of the TIIM Framework.

Why a Technology Library?

Infrastructure technologies are evolving rapidly.

Particularly within Al infrastructure, stakeholders are encountering an expanding list of potential
solutions.

TIIM seeks to evaluate technologies through a broader ecosystem lens.

Figure 6.1 — Technology Library Architecture

Technology Categories

1

Technology Profiles

1

Evaluation Framework

Core Purpose
The Technology Library serves five primary functions:

1. Technology Education
2. Technology Screening
3. Technology Comparison
4. Technology Integration
5. Knowledge Preservation
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Technology Classification Framework

The Technology Library organizes technologies into four primary categories:
Cooling Technologies

Water Technologies

Energy Technologies

Circularity Technologies

Figure 6.2 — Technology Classification Structure

Cooling | Water | Energy | Circularity

Cooling Technologies

Air Cooling, Direct-to-Chip Cooling, and Immersion Cooling are evaluated based on ecosystem
impacts, resource requirements, and operational characteristics.

Figure 6.3 — Cooling Technology Comparison

Air Cooling Direct-to-Chip Immersion

Lower Complexity Heat Capture Highest Density

Higher Fan Energy | Higher Efficiency | Reduced Air Handling

Water Technologies

Municipal Wastewater Reuse, Blowdown Recovery, MOFs, COFs, and ZLD systems support water
optimization and resource recovery.

Figure 6.4 — Water Technology Comparison

Wastewater Reuse | MOF | COF | Blowdown Recovery | ZLD

Energy Technologies
Microgrids, Modular Generation, and Thermal Storage influence resilience and reliability.
Circularity Technologies

District Heating, District Energy Systems, and Agricultural Integration convert outputs into useful
resources.

Figure 6.5 — Technology Evaluation Framework
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Water Impact

Power Impact

Infrastructure Impact

Community Impact

Circularity Potential

Technology Maturity

Economic Considerations

Scalability

Technology Profiles
Each technology within the library is represented by a standardized profile.
Example profile elements include:

Technology Description
Resource Requirements
Resource Outputs
Ecosystem Benefits
Ecosystem Risks
Technology Maturity
Example Applications
Case Studies

Research References

Figure 6.6 — Technology Profile Structure

Description

Resource Requirements

Resource Outputs
Benefits / Risks

Maturity

Applications

Case Studies

References

Technology Library Integration Within TIIM
Part | identifies ecosystem conditions.
Part Il identifies project requirements.

Part 11l identifies potential technologies.

Part IV evaluates ecosystem readiness.
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Part V explores alternative scenarios.

The Technology Library provides the knowledge foundation supporting each of these activities.

Figure 6.7 — Technology Library Within TIIM

Part |

!
Part Il

!
Part Il

!
Part IV

!
Part V

i

Technology Library

Future Evolution

The Technology Library is designed to evolve continuously.

As new technologies emerge:

- New profiles are added.

- Performance data improves.

- Case studies expand.

- Evaluation methodologies mature.

Chapter Summary

The Technology Library serves as the knowledge foundation of the TIIM Framework.

It provides stakeholders with a structured method for understanding technologies, comparing
technologies, evaluating ecosystem fit, identifying integration opportunities, and preserving
implementation knowledge.

The objective is not simply to understand technologies.

The objective is to understand how technologies interact with ecosystems.
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Chapter 7 — Case Studies and Ecosystem
Intelligence

From Individual Projects to Collective Learning

Infrastructure projects generate enormous amounts of knowledge.
Every project produces:

- Technical insights

- Operational insights

- Resource utilization data

- Stakeholder engagement lessons

- Ecosystem performance outcomes

Unfortunately, much of this information remains isolated within individual organizations and
projects.

As a result, future projects often repeat the same analyses, revisit similar challenges, and miss
opportunities to build upon previous experience.

The TIIM Framework seeks to address this challenge through a structured Case Study and
Ecosystem Intelligence methodology.

The objective is simple:
Every project should improve the quality of future infrastructure decisions.

This chapter establishes the framework through which knowledge generated during implementation
is captured, evaluated, organized, and incorporated into future ecosystem assessments.

Why Case Studies Matter

Most infrastructure planning relies heavily on forecasts.
Forecasts are valuable.

However, real-world performance data is often more valuable.
Case studies provide evidence regarding:

- What actually happened

- What assumptions proved correct

- What assumptions proved incorrect

- What technologies performed as expected

- What technologies performed differently than expected
Case studies transform theoretical understanding into operational understanding.
The TIIM Learning Loop

A foundational principle of TIIM is continuous improvement.
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Infrastructure planning should not operate as a one-way process.

Instead, every project should contribute knowledge back into the framework.
The TIIM Learning Loop consists of five stages:

Assessment

Planning

Implementation

Performance Measurement

Knowledge Integration

Figure 7.1 — TIIM Learning Loop

Assessment

i

Planning

i

Implementation

i

Performance Measurement

i

Knowledge Integration

The Ecosystem Intelligence Concept

Traditional project reviews often focus narrowly on project-specific outcomes. TIIM expands this
perspective through Ecosystem Intelligence.

Case Study Framework

Every case study within TIIM follows a common structure. This consistency allows projects to be
compared across regions, technologies, and infrastructure types.

Figure 7.2 — Case Study Framework

Ecosystem Profile

i

Infrastructure Profile

i

Technology Selection

i

Resource Flow Analysis

i
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Performance Results

i

Ecosystem Outcomes

i

Lessons Learned

Technology Performance Database

Case studies become the foundation of the Technology Performance Database.

Figure 7.3 — Technology Performance Database

Case Studies

i

Performance Metrics

i

Technology Intelligence

Best Practices Repository

As case studies accumulate, common patterns begin to emerge.

Figure 7.4 — Best Practices Repository

Project A

Project B

Project C

i

Common Patterns

i

Best Practices

Comparative Analysis

Comparative analysis helps stakeholders evaluate technologies using actual performance data
rather than assumptions alone.

Figure 7.5 — Comparative Analysis Framework

Technology A | Technology B | Technology C

Ecosystem Intelligence Dashboard

As the case study database grows, TIIM evolves into an Ecosystem Intelligence Platform.

Figure 7.6 — Ecosystem Intelligence Dashboard

Resource Trends
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Technology Trends

Community Trends

Readiness Trends

Knowledge Integration Within TIIM

Part | through Part VIl are connected through continuous learning and knowledge integration.

Figure 7.7 — Knowledge Integration Within TIIM

Part |

!
Part Il

!
Part I

!
Part IV

!
PartV

!
Part VI

!
Part VII

Future Evolution

As TIIM matures, the value of Ecosystem Intelligence increases. Every completed project
contributes new performance data, technology insights, ecosystem insights, and community
insights.

Chapter Summary

The Case Study and Ecosystem Intelligence framework transforms individual projects into collective
knowledge.
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Chapter 8 — Ecosystem Architecture and Decision
Making

From Technology Selection to Ecosystem Design

Throughout the previous chapters, the TIIM Framework established a structured methodology for
understanding ecosystems, evaluating infrastructure impacts, assessing ecosystem readiness,
exploring alternative futures, evaluating technologies, and capturing lessons learned.

A fundamental question remains:

How do stakeholders transform all of this information into infrastructure decisions?

Traditional infrastructure planning frequently focuses on selecting individual technologies.

TIIM introduces a different objective. The objective is not merely technology selection. The
objective is ecosystem architecture.

Figure 8.1 — Ecosystem Architecture Concept

Resources

+

Infrastructure

+

Technology

+

Community

+

Future Growth

Why Ecosystem Architecture Matters

Infrastructure projects do not exist in isolation. Every project interacts with water systems, power
systems, wastewater systems, transportation systems, communities, economic systems, and
environmental systems.

The Ecosystem Architecture Concept

Ecosystem architecture can be viewed as the integration layer of TIIM. Previous chapters
generated information. Ecosystem architecture transforms that information into decisions.

Ecosystem Architecture Framework

The TIIM Ecosystem Architecture Framework consists of six primary layers.

Figure 8.2 — Six-Layer Ecosystem Architecture Framework

Foundation
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Demand

Technology

Circularity

Community

Resilience

Ecosystem Architecture Process

Step 1 Understand the Ecosystem. Step 2 Understand Infrastructure Demands. Step 3 Identify
Technology Options. Step 4 Evaluate Circularity Opportunities. Step 5 Evaluate Community
Opportunities. Step 6 Evaluate Future Scenarios. Step 7 Develop Ecosystem Architecture.

Figure 8.3 — Ecosystem Architecture Process

Understand Ecosystem

i

Infrastructure Demands

i

Technology Options

i

Circularity

i

Community

i

Future Scenarios

i

Architecture

Ecosystem Architecture Outputs

The architecture process produces Resource Architecture, Technology Architecture, Circularity
Architecture, Community Architecture, and Resilience Architecture.

Figure 8.4 — Resource Architecture

Water

Power

Thermal Energy

Materials

Decision Making Within TIIM

The framework seeks to identify the Best Ecosystem Outcome rather than the Best Individual
Technology.

Multi-Criteria Decision Analysis
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Infrastructure decisions often involve competing priorities including water, power, cost, reliability,
community benefit, circularity, and environmental impact.

Figure 8.5 — Multi-Criteria Decision Analysis Framework

Water | Power | Cost | Reliability | Community | Circularity

Ecosystem Architecture Dashboard

As TIIM evolves, ecosystem architecture outputs can be visualized through a decision-support
dashboard.

Figure 8.6 — Ecosystem Architecture Dashboard

Resource Maps

Technology Maps

Circularity Maps

Scenario Results

Readiness Indicators

Ecosystem Architecture Within TIIM

Part | through Part VIII integrate into ecosystem-level decision making.

Figure 8.7 — Ecosystem Architecture Within TIIM

Part |

!
Part Il

!
Part

!
Part IV

!
PartV

!
Part VI

!
Part VII

!
Part VIII

Future Evolution

As additional projects are evaluated, ecosystem architectures become increasingly sophisticated
through more performance, technology, ecosystem, and implementation data.
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Chapter Summary

Ecosystem Architecture transforms information into decisions and provides a structured
methodology for integrating ecosystems, infrastructure, technologies, communities, and future
scenarios.
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Chapter 9 — The Future of Infrastructure Planning

From Infrastructure Projects to Ecosystem Stewardship

The previous chapters established the foundational components of the TIIM Framework:

- Ecosystem Understanding

- Infrastructure Impact Assessment

- Resource Flow Architecture

- Ecosystem Readiness Assessment

- Technology Sandbox

- Technology Library

- Case Studies and Ecosystem Intelligence

- Ecosystem Architecture and Decision Making

Together, these components provide a structured methodology for evaluating infrastructure through
an ecosystem lens.

A broader question remains:
What should infrastructure planning become?

Why Infrastructure Planning Is Changing

Several trends are reshaping infrastructure planning including increasing resource demand,
increasing infrastructure complexity, increasing technology innovation, and increasing community
expectations.

The Shift From Project Thinking to System Thinking

Traditional planning often focuses on individual projects. System thinking expands the perspective
by evaluating how projects interact with broader ecosystems.

Figure 9.1 — Evolution of Infrastructure Planning

Project Thinking

i

System Thinking

i

Ecosystem Thinking

The Shift From Consumption to Resource Stewardship

The framework encourages stakeholders to evaluate resource utilization, optimization, recovery,
and circularity.

Figure 9.2 — Resource Stewardship Framework

Consumption

i

Optimization

i
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Recovery

!

Circularity

The Shift From Waste Management to Resource Recovery

TIIM evaluates outputs as potential resources.

Figure 9.3 — Waste-to-Resource Framework

Outputs

i

Recovery Technologies

i

Beneficial Use

The Shift From Forecasting to Adaptive Planning

Adaptive planning emphasizes resilience rather than prediction.

Figure 9.4 — Adaptive Planning Framework

Forecasts

+ Scenarios

i

Resilience

The Shift From Isolated Knowledge to Ecosystem Intelligence

Every project contributes insights that strengthen future decisions.

Figure 9.5 — Ecosystem Intelligence Growth Model

Projects

i

Data

i

Intelligence

i

Better Decisions

The Future Role of Data and Artificial Intelligence

Data and Al can support scenario analysis, technology screening, pattern recognition, and decision
support.

Figure 9.6 — Future Infrastructure Intelligence Platform
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Data
+ Al

+ Ecosystem Intelligence

!

Decision Support

The TIIM Vision

The framework seeks to support better questions, better decisions, and better outcomes.

Figure 9.7 — The TIIM Vision

Better Questions

1

Better Decisions

1

Better Outcomes

Closing Perspective

Infrastructure should be evaluated not only by what it consumes, but also by what it creates,
enables, and returns to the ecosystems in which it operates.
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