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VHB Background

1979
Founded in

30+
Locations

on the East CoastMission

Partnering 

with our clients 

and communities 

to create a 

sustainable, resilient, 

and equitable future.

2,200+
Passionate professionals
Engineers, Scientists, Planners and 

Designers



Market Drivers

» Imperative to get to Net Zero 
and 100% resiliency

» Rapid advancement of new 
energy technologies and 
reduction in renewables cost 

» Radical shift in self-ownership 
value from IRA Direct Pay 
benefits

NET ZERO

Resiliency

Carbon 

Mandates

Market 

Incentives

Economic 

Performance

Shareholder 

Demand

ESG



Energy Planning Across Markets

» VHB supports clients across its 
Core Markets develop Carbon 
and Energy Plans to achieve 
their Climate and Resiliency 
Objectives

» These include innovative 
approaches greenfield 
development, re-
development & portfolio 
strategic plans 

VHB Markets

Transportation

Real Estate

Institutions

Federal & 

State

Municipalities 

& 

Communities

Energy



Energy Planning Lifecycle 

Stakeholder 

Analysis & 

Carbon Planning

Data Analysis 

& 

Benchmarking

Conceptual 

Design

Economics, 

Incentives & 

Structure

Integrated 

Design & 

Engineering

Construction 

Management

Operations & 

Analysis

Our clients need a 

Trusted Advisor 

that can work with 

them across their 

entire Energy 

Planning 

Lifecycle

ENERGY PLANNING 

LIFECYCLE



Energy Planning Components

Baseline & 

Targets
•Stakeholder Analysis

•Carbon Accounting

•Portfolio Analysis & Prioritization

•Predictive Analytics & Benchmarking

•Site Planning and Design

•ESG Alignment

•Community Inputs

•Smart Growth

Built 

Environment
•Net Zero Design

•Load Modeling

•Energy Efficiency 

•Audits & Data Analytics

•Building Automation & Controls 

•Energy Management

•Energy & Thermal Loads

•Embodied Carbon 

Energy 

Systems
•Solar

•Battery

•Microgrid

•Geothermal & Heat Pumps

•Grid Interoperability / DERS 

•Energy Economics

•Market Participation 

•PPAs & RECs

•Virtual Power Plants

Transportation

•Clean Mobility

•Charging & V2G

•Accessibility

•Fleet Electrification

•Autonomy Planning

•Asset Re-Positioning

•New Mobility-Oriented Development

Other Critical 

Systems
•Water & Wastewater

•Food, Waste & Recycling

•Communications & Security

•Nature Based Services & Landscape Architecture

•Carbon Capture & Storage

•Street Lighting

•Fire & Flood Protection

•Equity, Social & Health

Developing integrated solutions and economics is more 

important than any single technology



Balancing & Managing Energy

» Going beyond Net Zero requires 
balancing loads and on-site 
generation moderated by active 
energy management and 
market interoperability

» Greenfields require early participation 
in the Master Planning Process and 
Model-Based Design of loads and 
generation

» Retrofits require similar modeling, but 
a greater reliance on data analytics, 
audits, and care in integrating new 
infrastructure

Load 

Optimization

On-Site 

Generation

Energy 

Management

Market 

Interoperability



VHB Projects



Joel Serface

VHB Director of Energy Innovation

jserface@vhb.com 

Questions & Follow-Up

mailto:jserface@vhb.com
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Ramboll

Energy Master Planning – Energy and Carbon Reduction 
Mandates

Low carbon

Renewable 

Electrification

Fossil fuel

Technology 
screening

Business as Usual

Energy 
Conservation 
Measures

Building 
assessments

Energy audits

Heating load

Cooling load

EUI

Future projections

Preliminary 
energy analysis

Heating and cooling 
alternatives 
analysis

Carbon and energy 
metrics

Scenario 
planning

Near-term 

Long-term

Enabling/critical 
path projects

Implementation 
and phasing 

Vision summary 

Viable technology

Actions roadmap

Sequence & phasing

Clean Energy 
Master Plan
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Ramboll
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Baseload production

Peaking production

Base Load vs Peak LoadSome baseload technologies 
characteristics

• 55% of peak demand covers approx. 90% 
of annual load

• High Capital Expenditure (CapEx) (should 
operate many hours annually)

• Should have low fuel costs

Some peaking/backup technologies 
characteristics

• 45% of peak demand covers 10% of annual
load

• Low CapEx (e.g., boiler)

• High technology reliability (backup)

• High fuel supply reliability

• Higher fuel costs

Base Load/Peaking Technologies 

Example Heat Load
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55 %

45 %

10% of annual load

90% of annual load



Ramboll

3M 20%
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11

Avoided Cost due to Baseload/Peaking Strategy

Baseload/Peaking Cost Additional cost to cover 100% of peak heating load

Avoided CAPEX – Base and Peak Supply Technologies

15

Applying Base and Peak Load 
Strategy Reduces System Cost



Ramboll

Are Building Upgrades Needed for LTW? • HW Reset from 180F @ 0F to 
140F @ 60F

• GSHP operates 90% of the 
year

• Produces up to 165F

• Provides 80% of the annual 
load

• Peaking Boilers operate 10% 
of the year

• Produces HW from 165F to 
180F

• Provides 20% of the annual 
load

• Building upgrades would 
lower LTW distribution 
temperature

• More hours of GSHP 
operation

• Improves efficiency of GSHP
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Avoided Capital for Early HVAC Replacement
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75M 65%

166M 227%

82M 26%

91M 332%

188M 262%

73M 246%

103M 161%
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Early HVAC Upgrades Greatly 
Increase Implementation Costs
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Scope 1 & 2 Greenhouse Gas Emissions

GHG Emissions After Reductions Low Carbon Supply Scenario Energy Efficiency

Grid Emission Reductions BaU Projected GHG Emissions After Reductions

40% Reduction from 1990 85% Reduction from 1990
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Potential GHG trendline

85% reduction is 
achievable without 
100% 
electrification



Ramboll

Key Takeaways 

1. Most campuses achieve greater than 85% 
carbon emission reduction even with fossil fuel 
peaking

2. CAPEX reductions through base & peak supply 
technologies 

3. Early HVAC upgrades can significantly increase 
CAPEX and extend implementation – target 
end-of-life upgrade

4. Consider best mix of heat pump 
sources/technologies to reduce NPV

5. Compare results to other energy and carbon 
savings options

6. Install building level thermal metering 

7. Monitor building level hot water data and 
explore lower building supply temperature

19
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Item      Annual  Cumulative Present Value*

Utility Bills (Purchased Electricity and Fuels only)  $ 8.3 M    $364 M  $ 179 M

O&M - Central Plant**    $ 4.7 M  $ 208 M  $ 103 M

Capital Renewal – Central Plant**   $ 4.0 M  $ 174 M  $ 85 M

O&M - Distribution**    $ 1.6 M  $ 69 M  $ 34 M

Capital Renewal – Distribution**   $ 1.2 M  $ 52 M  $ 26 M

O&M – Building HVAC    $ 1.2 M  $ 69 M  $ 34 M

Capital Renewal – Building HVAC***   $ 3.0 M  $ 130 M  $ 64 M

Total      $ 24.3 M  $  1.07 B  $  526 M

Carbon Risk****     $ 4.0 M  $ 177 M  $ 87 M

Total with Carbon Risk    $ 28.3 M  $  1.24 B  $  613 M

Life-Cycle Cost of Ownership
30-year Forecast (incl. Escalation)

* Discount Rate = 5%
** Based on low range of Big 10 and Friends Central Plant Benchmark Study
*** Based on industry standard building HVAC renewal estimate of $25/GSF
**** Assumes $51 / MTCO2e escalating at 5% per year. Read more: https://www.wired.com/story/the-biden-administration-weighs-the-social-cost-of-carbon/ 

https://www.wired.com/story/the-biden-administration-weighs-the-social-cost-of-carbon/


Facility Thermal Profile

Heating Load

Simultaneous 
Load

Cooling Load

Thermal Profile. Developing an accurate thermal profile of the facility is one 

of the most important steps in geothermal design and decarbonization







Ground Source
Heat Pumps



Individual Building Heat Pump 

Use the chilled water 

as an energy source

This scenario will allow 

the CEP LWT to be 

lower. 



Oilon Industrial Heat Pumps



Trane CentravacMultistack Centrifugal

York YK

York CYK

Heat Pump Chiller Technology

Carrier 19DV



Thermal Energy Storage

Hot thermal storage Chilled thermal storage



Heat Pump Chiller Technology

ClimaCool Waterfurnace Variable 

Speed Dual SCrew

Water furnace Modular 

Scroll

Trane RTWD Multistack Modular



Ground Source
Heat Exchangers



Ground Heat Exchanger Options
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